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Generol introduction

HiV-infection and AIDS

In 1981, the first cases of Acguired Immune Deficiency Syndrome (AIDS) were discovered in
gay men. Two years lofer, the human immunodeficiency virus (HIV) was isolated and
recognized as the causative agent of AIDS. Uncontrolled infection with HIV imminently leads
to AIDS and ultimately to death. Due to its long latency fime until disease manifestation the
virus can easily spread unnoficed, A high tum-over and ropid mutation rate lead to
continuous viral changes, which have complicated the development of durable effective
therapeutic interventions (1).

The natural course of Hiv-infection

HIV is o ribonucieic acid [RNA)-containing retrovirus of the lentivirus-subfamily. It has an
affinity for CD4 cell receptars, which are mainly present on helper T-lymphocytes of the
immune system but also occur on other cells (2). Through these receptors and with the help
of chemokine coreceptors {CCR5 and CXCR4) (3-6). viral RNA is released into the cell
cytopiasm where it is converted info deoxyribonucleic acid [DNA) by virus-encoded reverse
franscriptase (Figure 1).

The resulting proviral DNA is transferred into the cell nucleus and incorporated into
the host genome (7). Hence, HIV-infected progeny is generated at each cell division and
proviral RNA and viral precursor polyproteins are produced through regular cellular
franscripfion and franslation processes. HiV-encoded proteases subsequently cleave ithe
polyprotein precursors, yielding mature core polypeptides and essenfial enzymes, which are
assembied infe new infecticus HIV-virions (7-10) (Figure 1).

Bventually, infection leads to CD4 cell depletion and Impaired immune function
effectively leading to AIDS {11). The number of circulating HIV-RNA particles and CD4
positive lymphocytes are used for the monitoring of Hiv-infection, representing the degree
of viral activity on the one hand and the degree of immune deficiency on the other hand
[12-15).

Antirefroviral freatment

The enzymes reverse franscrigtase and protecse are fundomental 1o the survival and
rmultiplication of HIV and therefore constitute important targets for anfiretroviral freatment.
Reverse franscriptase inhibltors were the first agents used for the freatment of HIV-infection

{16-18}, but failled to significantly change the course of infection (19).
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Figure 1 Llife-cycle of HIV and action of antiretroviral agents

In 1994 the first HIV-protease inhibitors became avdilable [20-25). Short term studies showed
that the combination of reverse transcripfase inhibitors and HIV-protease inhibitors was able
to suppress HIV-RNA to undetectable levels and improve the immune system (24, 25).
Optimal fregtment of HIV-infection nowadays involves the chronic administration of
multiple drugs, which cttack the virus from different angles, also referred to as highly active
antiretroviral therapy (HAART) (26-28) {Figure 1}. HAART usually consists of two nuclecside
anclogue reverse franscriptase inhibitors (NRTIs) for optimal inhibiticn of HIV-encoded
reverse franscriptase, and an HiV-protease inhibitor, The aim of this treatment is 1o intercept
both the infection of new and the production of new infectious HIV-particles [Figure 1) (9,
2%). HAART has shown 6 inflict a steep reduction in HIV-related morbidity and mortaiity in
populafions in which such freatmeant was made available (30-32). By the furn of the century
the focus of care for HIV-infected patients in Western countries had shiffed from treating
opportunistic diseases and in-hospital care to providing anfiretroviral tfreatment and

monitoring HIV-infection in an outpatient clinic setting.

Issuyes in anfiretroviral therapy
An imporiant risk of HAART concems the selective production of resistant viruses in case of
insufficient viral suppression, which eventually may accumulate into freatment resistence

and viral breakthrough (1, 9, 13, 33-36). Patients experiencing such treatment fallure have
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General infroduction

cnly a limited number of options for freatment switfches due to the existence of cross-
resistance between antirefroviral agents, especially between agents of the same class {28,
37-41).

Adequate drug concentrafiens have shown to be essenfial for an optimal
treatment effect. Suboptimal piasma concentratfions of HIV-protease inhibitors may fail to
achieve sufficient viral suppression and hence facilitate viral resistance (42-44). To reduce
the risk of low plasma concentrations, good treatment complionce should be mainiained
(45-47).

High plasma concentrations, on the other hand. increase the risk of adverse effects
(44, 48). Adverse effects consfitute a major limiting factor in antiretroviral freatment. Many
patients experience gastro-intestinal problems and other adverse effects on a continuous
basis. This may eventually influence the wilingness and ability fo maintain optimal
compliance.

Finglly, it is well recognized that current HAART regimens are unlikely to achieve
complete elimination of HIV because of the existence of HIV-sanctuary sites and lafent
infected CD4 posifive cells (49-53}. Sustained viral suppression below the detection limit,
therefore, remains the primary goal of HAART (54). Thus, the comerstone of present HAART is
opltimal compliance. To faclitate this, improvement of tfreatment schedules and

minimization of adverse effects can play a pivotal role.

HiV-profease inhibitors

HIV-protease inhibitors were introduced worldwide to the market affer accelerated
registration procedures. This happened under high pressure from the field, because
tfreatment combinations with these agents were the first o show substanticl efficacy against
Hiv-infection. At the time of introduction, however, knowledge regarding long-term effects
and safety of this enfirely new genercafion of drugs was sparse and insufficient.

Ciinical information abeut the first HiV-protease inhibitors was based on clinical frials
examining relatively small patient populations over a peried of one to two years (55-60).
These clinical frials were designed to show clinical benefit in terms of HIV-suppressicn in
particular, mostly based on surogate parameters. Clearly, the relatively small number of
selected patients examined over relatively short periods of time (Table 1), was insufficient fo
uncover fhe full picture of the risks involved with the use of HIV-protease inhibitors. In
addifion, clinical trials provided little insight info the severity, risk factors and impact of
adverse effects.
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Table 1 Product license information on HIV-protease inhibitors
Compound Saguinavir Ritonavir Indinavir Nelfinavir
mesylate sulphate mesylate
Alternative names Ro 31-8%95¢% ABT-538, MK-639, AGI343,
Invirase® Norvir® Crixivan® Viracept®
EMEA approvai 4 Oct 19946 27 Aug 1996 4 0ct 1994 22 Jan 1998
Formulation 200 mg hard get 100 mg capsules: 200 mg and 400 250 mg
capsules or soff 80 mg/ml mg capsuies fablets
gel capsules suspension
Clinicad tricis prior to 302 patients 24 84 patients 32 1165 patients 38 65 patfienfs 28
registration weeks{55], weeks(56), weeks(58), days{118}
978 patients 16 1090 patients 24 97 patients 24 33 patients 24
weeks weeks(117] weeks weeks[119)

General characteristics of HIV-profease inhibitors

HIV-encoded protecse displays structural similarity to human aspartic proteases, pepsin and
renin (8, 10}. This knowledge served as a basis for the computer-gided development of HIV-
protease inhibitors (7, 61-65), which exert their anfirefroviral effect through specific inhibition
of viral protecse (7, 9, 29, 66).

The first HIV-protease inhibitors which became available were saquinavir, ritonavir
and indinavir. Three quartfers of a year later, a fourth HIV-protease inhibitor nelfinavir was
infroduced. Only recently lopinavir and amprenavir have been added to the repertoire,
these Hiv-protease inhibitors will not be described here. Saguinavir, dtonavir, indinavir and
nelfinavir are chemicaily related compounds (Figure 2}. The most important characteristics
in the context of this thesis are summarized in table 2. Like many other drugs, HIV-protease
inhibitors are given In standard dose frequency schedules. Depending on the type of HIV-
protegse inhibitor, presence (saquinavir, ritonavir, nelfinavir} (25, 67-70) or absence
lindinavir) (71-74) of food around the fime of ingestion improves absorption. Once
absorbed, HIV-protease inhibitors are subjected o extensive first-pass metabolism (75, 74).
The net bic-avcilability varies from 4% for saguinavir to 60-80% for other MIV-protease
inhibitors.

in plasma, Hiv-protease inhibitors are highly protein bound (60% for indinavir, >95%
for other HIV-protease inhibitors) as a result of which renal clearance through glomerular
filfration is generally low. The primary metabolic pathway for HiV-protease inhibitors is
oxidation through the liver cytochrome P450 system isoenzyme 3A4 (77-80). None of the
resulfing metabclites, except for one metabolite of ritonavir and nelfinavir, has anfiretroviral
activity of any significance (81-83). The short half-ife of HIV-pretease inhibitors demands

frequent dosing regimens ranging from two (ritonavir) fo three fimes daily (other HIV-
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protease inhibitars}. Typically, plasma cencentrations of HIV-protease inhibitors have a high
peak (Cmax] and steep decling tc ¢ low frough level.
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Figure 2 Crystal structure of HIV-protecse inhibitors saquinavir, ritonavir, indinavir and nelfinavir

{kindly provided by: WINAp Geneesmiddelinformatie, Informatorium Medicamentorum, 's
Gravenhage: Koninklijke Nederiandse Maatschappij ter Bevordering der Pharmacie, 2002}

Table 2 Physico-chemical and pharmacokinetic properties and adverse reactions of HIV-protegse

inhibitors
Compound Saguinavir Ritonavir Indinavir Neifinavir
mesylate sulphate mesylate
Chemical Lipophilic, weak Upophilic, weak base Hydrophilic, Lipephilic, weak
characteristics base weak base acid
Protein binding  >98% 98-95% 40% >98%
Uring excretion 1% 1% 20% 1-2%
Metabolic CYP3A4 CYP3A4/2C9/2C19/206. CYP3A4, N- CYP3A4,
route N-glucuronidation glucuronidation  {CYP2C19/2D4)
Active None Isopropyithiczole None hydroxy-1-
metabolites aoxidation metabolite butvlamide
(M2} metabolite (M8)
Bio-availability 4% 66-75% 60-65% >75%
Haif life 1-2 hours 3.2 hours 1.8 hours 3.5-5 hours
Time to Crmax 3.8 hours 4 hours 0.8 hour 2-4 hours
Recommended 1200 mg fid with Dose escalation day 1-9. 800 mg tid 750 mg tid or
dosing food 600 mg bid with food fasting (low 1250 mg bid
gastric pH) with food
Adverse effects  Diarrhoeq, Nauseq, vemiting, Nephrolithiasis* Diarrhoga
nausea, gasiro- diarhoega, circumoral bifrubin T
intestinal parcesthasia, asthenia,

discomfort, CPK T

taste perversion, liver
enzyme 1. triglyceride 1

* patients are recommended to drink at least 1.5 L exira fluid per day
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Due to their dependence on cytochrome P450, HIV-protease inhibitors are susceptible to
interactions with other agents that influence this system [84-87) (Table 3). Stimulation of
cytochrome P450 leads to o faster cleorance, to lower plasma concenirations and
therefore to reduced freatment effects, whereas inhibition may lead o adverse effects as a
consegquence of reduced clearance and elevated plasma concentrafions {88, 89). The
potential for drug inferaction is especially dauntfing for patients with a more advanced
stage of HIV-infection or concument diseases, who are more likely to concomitantly use
interfering drugs. In order to avoid interactions, the full medication-history of patients should
be known. In the Netherdands such information is availabie through community pharmacies,
who keep electronic records of all drug dispensings. Alternatively, the possibility of HIV-
protease inhibitor plasma concentration monitcring (83, 90-28) has facilitated the safe use
of drug combinations.

Apart from being metcabolized by cytochrome P450 enzymes, HiV-protease
inhibitors may influence this system themselves (Table 3). Especially ritonavir is known for its
strong inhibition of isoenzyme 3A4 (99, 100). This property of ritonavir is used to improve the
phamacokinetic profiles of other HIV-protease Inhibitors. By stowing down the metaboiism
of one HIV-protease inhibitor with o minor dose of ritonavir, dosing fregquencies can be
reduced fo twice daily and even once daily instead of three times daily (99, 101-106).

Characteristics of saquinavir
Saquingvir is a generally well-tolerated HIV-protease inhibitor. It is delivered in 200 mg hard
gelatine capsules which have 4% bio-availability if taken together with foed (67). The
defined daily dose used to be 600 mg three times daily, but has been increased to 1200 mg
three times daily in the past years. Presently, ¢ soft gelatine capsule formulation is available,
which is claimed to have similar bic-equivalence but higher bio-availability, hence allowing
lower dosages (107). Both the hard gel and soft gel capsuies are commercially available,
After first being used Qs a single HIV-protease inhibitor in HAART, saquinavir is now
mcinly used in combination with ritonavir or nelfinavir, to improve its bic-availability by
reducing clearance (106, 108, 109). Treaiment with ¢ combinaticn of saguinavir and
ritonavir is usually administered in dosages of 400 mg twice daily of each compound.

Characteristics of rifonavir

Ritenavir is available in both liquid formulation (80 mg/mL) and 100 mg capsule formulation,
of which the capsules are the most widely used. Although ritonavir has a favorable dosing
schedule of 600 mg twice daily a5 cpposed 1o three fimes daily, its gastro-intestinal adverse
effects, friglyceride elevafions and extensive drug interactions (70) Imit widespread use.

Siow induction of the cytochrome P450 system by ritonavir demands dose escalation from
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300 mg twice daily to 600 mg twice daily over a period of nine days, in order t¢ prevent
severe adverse effects at the start of freatment.

Ritenavir has become especiclly popular as a booster of other HIV-protease
inhibiter regirmens, because of its strong inhibitory effect on cytochrome P450 isoenzyme
3a4. Apart from its effect on cytochrome P450, ritonavir has an inhibitory effect on p-
glycoprotein, which acts ¢s a filfer for the blood brain bamier and potentially other bamiers
to sanctuary sites for HIV {110), Inhibition of p-glycoprotein may lead to increased access of
drugs to these sites. Thus, the addition of ritonavir fo an HIV-protease inhibitor increases the

cerebrospinal fluid concentrations of this drug leading to increased antiviral activity (111).

Chraracteristics of indinavir

Indinavir is a widely used petent HIV-protease inhibitor, available in a 200 and a 400 mg
capsule formulation. Its formal dosing regimen is 800 mg three times dailly to be faken two
hours after a meal or with a low fat meal since absorption is dependent on a low gastric pH.
Diet restrictions are a major draw back of this HIV-protease inhibitor. These restrictions,
however, are no longer necessary if indinavir is given in combination with ritonavir ($9).
Moreover, ritenavir boosted indinavir regimens can be given twice daily or even once daily
instead of three times daily {101, 102, 105, 112, 113}.

Indinavir is the only HiV-protease inhibiter with substantial rencl clearance (20%).
although the primary clearance route is the liver (80%} (72, 80). Due to poor soiubility in
agueous solutions of high pH, such as urine, o unique complication of indinavir freatment is
formation of rencl crystals and stones due fo indivavir crystallisation. This adverse effect
requires patients fo ensure sufficient fluid intake (114}, Renal complications are the main

freatment-limiting adverse effect of indinavir.

Characterisfics of neifinavir

Nelfinavir was the last of four HIV-protease inhibitors to be registered for freatment of HIv-
infection as part of HAART. It is marketed as a tablet fermulation containing 250 mg of
neffinavir. The recommended dose frequency s 750 mg three times daily (4%), but dosing
schedules of 1250 mg twice daily are being applied as well. Lke other HIV-protease
inhibitors, cyfochrome P450 iscenzyme 3A4 is the primary metabolic route of nelfinavir (86,
100). Oxidative bio-transformation of nelfinavir forms an active metabglite, which is equally
effective as the parent molecule and represents an appreciable proportion (25%) of the
circulating plasma concentration (81-83). Like fitonavir, nelfinavir may reduce plasma

cencentrations of other drugs beccuse of cytochrome P450 enzyme induction.
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Table 3 Characteristics HIV-profease inhibitors: potential and known inferactions

Compound Saquinavir Ritonavir Indinavir sulphcite Nelfingvir
mesylaie mesylate
Agents Nevirapine, Rifampin Fluccnazole, Rifabutin,
increqsing rifabutin, nevirapine, Rifampin
clearance Rifampin, Rifabutin, Rifampin,
carbamazeping®, carbamazepineg®,
dexamethasone*, dexamethasoneg®,
phenobarbital®, phencbarbital*,
phenytoin® phenytoin™
Agents Delavirdine, - Clarithromycin, Indinenvr,
slowing ketoconazole, delavirdine, Ritonawvir
down ranifidine, Ketoconazole,
clearance rifonavir, indinavir, nelfinavir itonavir,
nelfinavir itracongzole™
Agents of - ethinyl estradicl, - Ethinyl estradiol
which meperiding,
clearance is methadone,
increased theophyline
Agents of Astemizole®, Clerithromycin, Clarithromycin, indinavir,
which calcium-channe! desipramine, rifabutin, rifabutin,
clearance s  blockers*, ergotamine, indinavir, saguinavir, saquinavir,
slowed clindamycin®, ketoconazole, rifabuiin,  asfemizole®, terfenadine,
down cisaprice®, saquinavir, siidenafil, terfencdine®, astemizol*,
dapsone”, warfarin, alprazolam®, cisapride®, calcium-
midazolam*, amiodarone®, pimozide*, channel
quinigine*, astemizole*, calcium- quinidine*, biockers*,
sidenafil®, channel bicckers™, alprazolam=, cisqpride®,
terfenadine®, carbamazepine®, tiazolam*, HMG CoA
triczolam* ciclosporin®, cisapride®, midazolam™, reducatase
clorazepate®, sitdenafi* inhibtors®,
dexamethasone®, midazolan™,
diazepam®*, encainice®, pimozde®,
eythromycine*, sidenacfil*,
flecainide®, fluoxetfine*, tracrolirmus®,
flurazepam®, triazolam™
itraconazole®,
loratadine®,
mefloquine®,
midazolam™,

paroxetine*, pethidine®,
pnimozide”, piroxicam®,
prednisolone®,
propafenone™,
propoxyphene”,
quinidine®, sertraling®,
terfenadine®,
trazodone*, triczolam®,
zoldipem™

* theoretical inferaction
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Since nelfinavir was marketed loter than saquinavir, ritonavir and indinavir, it was initially
used predominantly as secend-line or rescue frectment, The most important freatment
limiting adverse effect is diarrhoea (60, 115, 114).

Post-markeling surveiliance

The HiV-protease inhibiters were introduced abruptly under special circumstances, whereas
they represented a completely novel type of medicines, The usual delays of approximately
six months for accepting new agents in the Dutch medicine reimbursement system were
overceme by a special financial dllowance from the health authorities. Hence, the Hiv-
protease Inhibitors were available free of charge immediately after formal registraticn by
the health authorities, which allowed for immediate widesprecd use among HiV-infected
persons. The special circumstances surrcunding the infroduction of the HIV-protecse
inhibitors demanded the implementation of post-marketing surveillance more than usual.

Clinical fricl populations, on which the available data for registration are based,
represent highly selective palient groups. Strict inclusion and exclusion criteria generate
relatively healthy [exclusion of active disease, pregnant women, children and cbnormal
loboratory values) and motivated groups (wriften informed consent}. The number of
patients studied is usually too low to defect events with relatively low incidences. For
exampie, clinical fricls with HIV-profease inhibitors for regisiration purposes generally
involved less than 1000 patients {55, 564, 58, 117-119]. Assuming normal distribution and $5%
confidence, these frials were able 1o detect events with o cumulative incidence of at least
41in 1000 patients {0.4%) within the observation pericd of the tial.

Follow-up periods of clinical frials are short compared to the actual perieds of
frectment needed (one o two years versus life time exposure or follow-up) as a
consequence of which long term toxicity can easily be missed. In the context of clinical
frials, potients are monitored more closely and more regularly thar In daily practice. Finally,
the options for and effects of toxicity mancgement are usually not the cbiective of
research.

For these reasons, post-marketing research is warranted for all new medicines (120,
121). Manufacturers are instructed to conduct post-marketing research and to report all
adverse effects to the authorifies. However, in view of potenfial conflicts of interest,
independent follow-up of new agents must be performed as well.

There are a number of research methods for post-marketing surveillance. In the Netherlands,
physicians and pharmacists are enceuraged fo report adverse effects fo the national

pharmaco-vigilonce  foundation  of the  Netherlands  (LAREB). Unusual  and

1
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severe undemeporting of cdverse effects, especially in highly specialized areas such as
HIV/AIDS. Nevertheless, case reparis arising from such a system can be informative and may
tigger further studies. Epidemiclogical studies in wel-defined populations, on the other
hand, provide better insight into incidences of and risk factors for adverse effects under

everyday circumstances and into potentially preventive and curative strategies (122, 123).

The ATHENA cohort

In November 1997, the National Health Insurance Council provided a grant for a project on
the implicotions for the course of HiV-disease, public health and health care as well as the
costs and benefits of the new antiretroviral freatment. This led to the set up of the ATHENA
cohort, a nationwide observational cohort including patients treated with HiV-profease
inhibitors or other new antiretroviral agents. The project was camied out in a coliaborative
action of all 22 hospitals in the Netherlands, which provide anfiretroviral freatment to HIv-
infected individuals, The resulfing cohort, which covers a well-defined patient population,
provided a unigue opportunity for the conduct of epidemiclogical studies on anfiretroviral
agents in the post-marketing setting.

Ovutline of this thesis

The objectives of this thesis were to provide more insight into the risk and fisk factors of
adverse drug reactions associated with HIV-protease inhibitor freatment under non-
experimental everyday circumstances. By recognition of risk factors, patients af risk con be
identified beforeshand and risk management can be fargefed more efficiently, hence
ultimately improving the safety of HiV-protease inhibiter freatment. In the studies presented
in this thesis we applied mulfipie research strategies, in which the nationwide ATHENA cohort
played a central role.
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Chapter 2.1

Summary

Background: HiV-profease inhibitor indinavir may cause nephrotliithiasis and interstitial
nephritis. The renal consequences of indinavir assocciated nephrotoxicity are uncertain, We
report o case of papillary necrosis in a patient freated with Indingwir,

Pafient and metheds: An asymptomatic Hiv-infected woman experienced right-sided renal
colicky pain during trectment with indinavir. She passed a non-solid stone and continued
indinavir freatment. Infravenous pyelogram twenty months later following an episode of lefi-
sided colicky pain showed right-sided papillary necrosis. Indinavir asscciated nephrolithiasis
and chronic interstitial nephritis were the only possible causes identified in this patient.
Conclusion: Physicians should be aware that indinavir nephrolithiasis may cause papillary

necrosis
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Infroduction

The HIV-protease inhibitor indinavir causes symptoms of nephrolithicsis in 4-146% of patients
and crystalluria in up to 20% of patients freated with Indinavir 800 mg three times daily as
part of Highly Active Antiretroviral Treatment (HAART) (1]. Althcugh crystaliuria may remain
asymptomafilc, it is potentfially harmful as illustrated by reports of interstitial nephritis with
indinavir crystals in the infersfitium (2). In addifion, long term exposure o indinavir may be
associated with renal atrophy (3). We report a case of paplliary necrosis in @ patient freated
with indinavir.

Patient and methods

A non-symptomatic 34-year-old caucasian weman was diagnesed as having HiV-1 infection
and hepatitis C virus infection, contracted through intravenous drug abuse. Since 1997, she
received HAART, comprising of zidovudine {250 mg twice daily}, lamivuding {150 mg twice
daily} and indinavir (800 mg three times dally) because of a high viral load (7.51x104 HIV-1
RNA copies/mL. Roche amplicor, detection limit 500 copies/mL) and a declining CD4 cell
count (370 cells/ut). Her viral load has since been below the detection limit and her CD4
cell count has increased to 670 cells/uL. The patient also tock 1 mg lorczepam daily and the

occasional use of cocaine could not be excluded.

Results

Three months affer starting HAART, patient compliained of recurrent colicky pain in the right
flank associated with gross haematuria. Symptoms improved after passing a non-sclid stone,
which unfortunately was lost, Twenty months later, two years after starfing HAART, she
reported lefi-sided colicky pain without gross haematuria or other urinary symptoms. She
again passed a stone after which symptoms resolved. Again the stone was lost,

Throughout the course of HAART, urinalysis showed repeated pyuria of more than
75 cells/pL and mild micrescopic haematuria with normal urine pH of 5 and negative nitrite
tests for bacteria. Intermittent crystalluria of one to two crystals per 40 times magnifiled field
was observed. Urine culture was repeatedly negative. There was mild albuminuria (albumin
3 to & g/mol creafinine, normal range <3.5 g/mol credfinine} and indinavir plasma
concenirations were borderline increased (10.1 mg/L at 1 h after Indinavir intake, 6.8 mg/L
at 2.5 h and 03 mg/L at § h). Haematology and serum chemistry, including serum
creatinine, were unremarkable. Abdominal X-ray, performed two years affer starting HAART
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Figure Intravencus pyelogram of the right
kidney showing unilateral papillary necrosis
of the lower pole calyx of the right
kdney:smooth-margined saccular calyceal
cavity formation.

during the last episode of renal colic did not show any stones, which is consistent with the
rediolucent characteristic of indinavir stones (4). Subsequent infravencus pyslogram (IVP)
did not reveal any residual stones elther, but did show papillary necrosis in the right kidney
{figure). There were no calcifications or other abnormalifies.

Discussion

The assessment of a causal relationship between an adverse event and a drug reguires
knowledge of the temporal relationship and adeguate exclusion of other potential causes.
The onset of flank pain, passing a sfone and pyuria after starting HAART and the femporal
relationship are compatible with a causal relationship. Potential causal factors of papiliary
necrosis include the use of large amounts of non-steroidal anti-inflammatory drugs [NSAIDs)
and phenacetin-containing anaigesics. Other possible causes are diseases leading to renal
ischemia such as diabetes mellitus, nephrolithiasis, chronic interstitial nephritis, urinary tract
infection, tuberculosis, sickle cell haemogiobinopathy, anorexia nervosa and severe
dehydration {5). Even though our patient had a history of drug obuse, the use of
nephrofoxic medication or nephrotoxic drugs as the cause of papilary necrosis of our
pafient is unlkely because of its one-sided and localised presence. The patient admitted
inadequate fluid intake prior to the first episode of renal colic, but was never severely

dehydrated. Urne culture did not reveal any infection that could explain the contfinuous
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pyurid. Beccause of the absence of other probable causes and the fact that the papiliary
necrosis was of a localised nature, HAART-attribufed nephrolithiasis and interstitial nephritis
were considered as the most probable cause of papilary necrosis in cur patient. Given the
concerdance between the side of papilary necrosis and the side of first symptoms and the
non-soiid constitution of the first sfone, we consider it likely that the papillary necrosis was
caused by an indinavir stone. IndinaviHinduced chrenic intersiitial nephritis might have
contributed. Physiclans should be aware that papillary necrosis is a potential conseguence
of nephrolithiasis caused by indinavir.
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Abstract

Cbjective:; To assess the association between indinavir associated urologic complaints and
indinavir plasma  concentrations.  Design:  case-series, comparing  indinavir  plasma
concentrations in cases with average concentrations in a control group.

Methods: patients taking 800 mg indinavir fid, whe presented with overt urologic complaints
frenal colic, flank pain and/or hematuric) were selected for the study. Plasma indinavir
concenirations were measured by means of a standardized high performance liguid
chromatography method. Plosma samples taken at 1.5-8 hours after the last indingvir
ingestion were included for evaluafion. Results were compared with the full
pharmacokinetic curves of indinavir plasmo concentrations from a control group of 14
patients taking 800 mg Indinavir fid without urclogic complaints, and expressed as
concentration ratios. A ratio of 1 indicated o plasma concenfrafion equaling the average
concentrafion in the control population ot the same point in fime following indinavir intake.
Resulis: 17 patients {5 women) were enrolled and indinavir concentrations of 15 patients
could be evaluated. 14 [93%) patients had a concentraticn above the mean of the conirols
and 12 [80%) pctients had a concentration above the upper 95%-confidence limit (25%CL),
and 1 (7%) had @ concentration below the lower 95%CL. The mean indinavir concentration
in patients with urclogic complaints {ratic range 0.55-11.49) was significantly higher than the
average concentration and the upper $5%CL of the control group (p<0.05). The results
could not be explained by differences in weight, gender or drug interactions, Two patients
had chrenic active hepatitis B infection. In é patients with indinavir concentrations cbove
the upper 95%CL, indinavir was reduced fo 400 mg tid. Upon repeat measurement after the
dose adjustment. their indinavir plasma concentrafions fell within the $5%-confidence
interval around the mean of the contfrol populafion. All 6 patients remained asymptomatic
and had viral loads <500 copies/ml after a follow-up of 5-16 moenths.

Conclusions: urolegic complications cccurming during indinavir freatment were associated
with elevated indinavir plasma concentrations in 80% of pafients in this study. Indinavir
plasme concenirations should be monitored upon presenfation of urologic complainfs on
the basis of which dose reductions may be applied if brief interuption and increased

hydration are ineffective.
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Infroduction

Anfiretroviral treatment with the HIV-protease inhibitor indinavir is associated with urclogic
complaints. Urclogic complications occur in approximately 8% of patients on an indinavir
dosage of 800 mg tid and vary from nephrolithiasis {3-4% of all patients} to symptomatic
crystalluria with dysuria or back pain (7% of cll patients) {1, 2). These adverse reactions can
usudlly be resolved by hydration and short frectment interruption of 1 1o 3 days, but may
occasionally lead to acute renal failure which requires urciogic intervention 1o relieve
obstruction (3-5). In o mgjorty of indinavir users with recurent rencl colic episodes,
freatment with indinavir is abandoned (8).

Independently of the indinavir concentration, up to 20% of abserbed indinavir is
excreted Inte the urine, more than half of which is excreted in the intact form (1, 7). Due to
this route of elimination, high indinavir plasma concentrations result in high indinavir uring
concenfrations, depending on the urine volume, which may induce indinavir precipitates if
urinary solubility Is exceeded. Accordingly. the ccalculi voided by patients are of a
radiclucent, gelatinous nature and consist of indinavir base monchydrate (intect indinavir)
(2. 5, &, 8). Apart from dilution of urine through higher fluid infcke, to prevent and relieve
urclogic symptoms, avoidance of high indinavir plasma concentrations may be an
important measure for reducing the rate of urologic complications. In this study, we
investigated the relationship between indinavir plasma concenfrations and urclogic
complaints occuring during indinavir treatment in HIV-infected pafients.

Methods

Case series

The patient populafion of the Erasmus Medical Centre Rotterdam (EMCR) comprises
approximately 500 adult HV-infected patients, 104 (21 women, 20%) of whom curently
receive indinavir freatment. Indinavir freated patients, who presented with overt urclogic
complaints between January and December 1997, were enrolled in the study. These
patients received indinavir at ¢ dosage of 800 mg three times a day (fid) as part of the
Highly Active Anfirefroviral Therapy (HAART) for Hiv-infection. Urologic compiaints were
defined as episodes of renal colic, flank pain, dysuria and/or hematuria. Information on viral
load, assessed by HIV-RNA polyrmercse chain reaction [Amplicor HIV-1 monitor, Roche,
Basel), urinaldysis, routinely performed by semi-quantitative dipstick fest [Rapignost® total-
screen L dipstick., Behringwerke AG, D-35001 Marburg, Germany), and concomitant

medication was refrieved refrospectively from pafient records. All assessments were done
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during the regutar outpatient clinic visit of each patient, which did not necessarlly coincide

with the manifestation of urclogic symptoms.

Confrol patients

Indinavir concentrations in patients with urclogic complaints were compared to ¢ standard
concenfration curve as derived from the full pharmacokinetic curves of 14 HiV-infected
patients (2 women) from the University Hospital Nijmegen, taking 800 mg of indinavir tid (Fig.
1). This control group had an gverage age of 41.4 + 7.3 years {range 31-52) and an average
welght of 72.1 £ 2 kg (range 41-89). After an average duration of indinavir therapy of 6.9 £3.3
months range 1-12), 10 patients had <200 copies/ml HIV-RNA. All control patients were free
of overt signs of infoxication (including urologic complications). The pharmacokinetic
parameters of this group (AUC, Cmax, Cmin) were consistent with the data as presented in
the Crixivan@ product monograph (1).

Sample collection

A blood sample was collected frem each patient with overt urclogic complaints ¢t variable
fime points after the last ingestion of indinavir. The time of last ingesticn was based on
patient interview. The fime lapse between the occurrence of urclogical symptoms and
indinavir concentration assessment was not assessed. In order fo attain comparable
indinavir concentrations between cases and controls, samples were evaluable only If drawn
at least 1.5 h after the last intake, to avoid varionce due to gbsorption, and less than 8 h
after the last intake, as there were no measurement points for control patfients after 8 h.
Seven ml of blood was drawn from an antecubital vein info @ lithium heparin vacutainer,
from which plasma was separated by centrifugation which was stored in the refrigerator
unfil transfer to the Deparfment of Clinical Pharmacy at the University Hospital Niimegen.

Analytical methods
Indinavir concentrations in plasma were determined using a validated High Performance
Liguid Chromatography (HPLC) assay, which has been described previously (9). In brief,
plasma is mixed with acetonifile before cenfrifugafion. The subsequent supematant is
evaporated to dryness, the residue of which is dissoived in eluent and injected into the HPLC
system. The system contains an Cctadecyl column with a mobile phase of acetonitrile-water
and uses ulfravicle? detection af 210 nm.

Results of indinavir plasma concentration measurements were expressed as
‘concentration ratios'. The ratio was calculated by dividing the indinavir concentration in
eqach patfient with urclogic cemplaints by the average concentration of the control group

at the same or nearest fime interval following indinavir intake. For this purpose,
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concentration means of the control group were extrapolated fo 15 minute fime intervals so
that the maximum time difference between controls and cases was 7.5 minutes.

Stafistical Analysis

Continuous variables such as age. weight and duration of therapy, were fested with a
Mann-whitney U test. The average concentration ratios of patients with urologic complaints
was analysed for stafistical significance against the expected concentration rafio of 1.0 by
calculating the ?5%-confidence infervals cround the mean ratio of patients with urologic
complaints, based on a student-distribution, after normalising the distribufion by log-
transformation. A rafio of 1.0 indicated an indinavir concentration egualling the mean
concentration of the confrol populafion at the same time Interval following indinavir
ingestion. We also did a sensitivity analysis in which the upper $5%-confidence limit instead

of the mean of the control group was chosen as the denominator in the ratio.

Resulis

Seventeen patients with overt urclogic compilaints, 12 men and 5 women, representing 16 %
of the population treated with indinavir at the EMCR, were included in the study. Their mean
age was 374 £ 8.6 {range 27-57], their mean weight was 65.6 + 2.2 kg (range 44-85) and
they had been on indinavir treatment for an average duration of 7.1 + 4.8 frange 0.4-14.8}
months (table 1), In 15 {88%) pafients the plasma HIV-RNA had been reduced o < 500
copies/ml.

Table T Baseline characteristics

Characteristic# Control Cases p-value
Male (%) 12 (84) 12 (71)

Female (%) 2{14) 5(29)

Age (yecrs + SD) 414+73 37.4£846 p=0.1521
Weight (kg * 3D) 72319 65469 p=0.1029
Duration of indinavir therapy (months £SD) 6.9 £33 71448 p=0.8580
Undetectable HIV-RNA (%) 1071)* 15 {88]¥

# SD=standard deviation
*  detection imit 200 coples/mlL
¥ detection imit 500 copies/mL

Table 2 provides an overview of the results, Twelve (71%) cases occured during the spring
and summer. fifteen pafients had cn evalugkble indinavir concentration measurement.
Concentratfion ratios ranged from 0.55 to 11.49 (Fig. 1). Except for 1 patient, all ($3%} had a

concentration above the mean of the controls and 12 {80%) patients had a concentration
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above the upper 95%-confidence limit of the control populction [Fig.1). The log-comrected
mean ratfio was 2.64 (95%-confidence interval 1.68-4.14), which was significantly different
from the expected ratfio of 1.0. In the sensitivity analysis the log-comected mean ratio was
1.96 [95%-confidence interval 1.23-3.03).

Table 2 Test results of patients with indinavir associated urologic complaints

Assessments Results
Major Complaint* Renal colic n (%) 7 [41)
Flank pain n (%) 6 (35)
Hematuria n (%) 3(18)
Dysuria n (%) 1{8)
Uringlysis# PH (n=11) Mean (range) 5% (5-9)
Leucocyturia (n=T1) n (%) 16 (91}
Hematuria (n=11) n (%) 8 (73)
Proteinuria {n=10) n (%) 9 (?0)
Concenfration ratic¥ 800 mgtid (n=18) Mean (range) 2.64 (0.55-11.49)
95%-Ci 1.68—-4.14
4600 mg tid (n=4) Mean (range) 0.88 (0.53~1.37)
95%-Cl 0.63-123

+

Most severe complaints are listed, patients may have suffered o combination of symptoms

# Semi-quantitative dipstick test (RapignostD total-screen L dipstick); leucocyturia: >15 cells/L;
hemcturia: >10 celis/L; proteinuria: »0.15 g/L

¥ Ratios are calculated by dividing the measured concentration by the concentrafion mean of
controls at the same point in fime following last indinavir intake: means are log-corrected: Cl=
confidence intervals,

1 Sixpotients had a dose reduction and subsequent repeat indinavir concentration assessment

The average urine pH was 5.9 (n=11, range 59%). Urinclysis {semi-quantitative dipstick test)
further revealed the presence of leucocytes (ie. 15 leucocytes/pl) in 10 of 11 (91%) cases in
absence cof infection (ie. dipsfick test negative for bacteria), and erythrocytes (ie. »10
erythrocytes/ul) in & of 11 (73%) cases. Nine of 10 {f0%) patients showed slight proteinuria of
0.15-0.30 g/L. All symptoms cleared without urologic intervention. Concomitant medication
included co-fimoxazole, diclofenac, haloperidol, cetirizineg, dapson, megestrol, metoprolol,
fluconazol, clindamycin, psyliumseed and butylscopolamin, none of which is known tfo
significantly affect indinavir concentrations. In 1 patient occasional use of heroin could not
be excluded.

In 4 patients with urologic symptoms and an indinavir concentration higher than
the upper $5%-confidence Iimit (rafio range 2.25-11.49), the dose of indinavir was reduced
to 60C mg fid. Repeat indinavir concentration ratios, measured at 58 + 44 days after dose
reduction, approached 1.0 (range 0.63-1.37) in all é patients (table2}. Five out of é remained
free of urologic symptoms and one pafient remained free of urologic symptoms when
having exira fluid intake. Al 6 confinved fo have viral loads <500 copies/ml following
indinavir dose reduction for follow-up periods of 5-16 months. As for the other pafients, six

discontinued indinavir freatment, five because of gostro-intestinal complaints, 3 of whom
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plasma concenfration indinavir {mg/L)

time since indinavir ingestion {h)

Figure 1 Indinavir plasma concentrations as a function of fime following last ingestion
The solid line represents fhe average pharmacokinetic curve ¢f a control
group (n=14). Broken lines represent the 93%-confidence bands of the
concentration means in the control group. Bullel markers indicate
measurerment poinfs in the control group. Square markers indicate indinavir
plasma concenirations as measured in 15 individual patients with uralogic
complaints, All patients took indinavir at a dosage of 800 mg three times a
day.measurementis were done ofter ingestion of 800 mg indinavr.

had first fied dose reductions other than 600 fid, and one because of lipodysirophy. Two
had modified the dose to a twice dcily regimen and suffered residual urciogic complaints.
One patient continued indinavir ot 800 mg tid without major problems, but HIV-RNA had
raised 1o 2560 copies/mL after 8,5 months. There may be a problem with compliance in this
patient. As for the two patients with non-evaluable indinavir concentration assessments, one
reduced the dose to 400 mg tid. but later appeared o have a low indinavir plasma
concentration and high viral load for which reason indinavir was stopped. The other patient
had no dose reduction, but indinavir tfreatment was withdrawn due to gastre-intestinal
intolerance.

Discussion

The relationship between indinavir exposure and antiretroviral effect has been reported, but
an exposure-toxicity relationship has not been described, so far (1. 10, 11). The present
results suggest an  associofion between indinavir plasma concentrations and the
occurrence ©f urclogic complaints during indinavir confaining anfiretroviral therapy.
Patients with urolegic complaints In this study consistently presented with high indinavir

plasma concentrations in comparisen fo a control group without urologic complaints.
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Although this study did not analyse urinary crystals, it was shown that complaints
often coincided with sterile leucocyturia, hematuria and profeinuria, consistent with a
pattemn of mucoesal imtafion due to {micro)lithiasis. As indinavir urinary concentrations and
clecrance were not measured in this sfudy, it is not known as fo how these relate 1o high
indinavir plasma concentrations and the occumence of indinavir associated urclogic
symptems. The process of indinavir crystal formation has been reported fo be enhanced by
high urinary pH and low urinary volume (2, 12). All patients were advised to drink af least 1.5
L/day. Although most patfients claimed that their infake was maximal, precise intake and
urinary velumes are not known. In fact, many urologic complaints occurred during periods
of hot weather when optimal hydration may have been difficult to achieve [13). Therefore,
we cannot exclude urinary volume as the cause of urologic complainis in our patients.

High indinavir plasma concenfrations may hove @ multifactorial origin. Oral
absorption of indinavir is pH-dependent and subsequent elimination depends on the liver
cytochrome P-450 system (iso-enzyme CYP3A4) and urinary clearance (12, 14). None of the
patients used any drugs known to significantly affect the indinavir phamacokinetics. Two
pafients had & chronic active hepatitis B infection, with possibly impaired liver clearance of
indinavir. None of the patients was known with Impaired renal function, but renal clearance
may have been reduced by insufficient hydration. It is not known how this would offect the
plasma concentration of indinavir as the kidneys play a miner part in indinavir clearance.
The high indinavir plasma concenfrations could not be attribuied fo low weight, as the
patients with urologic complaints and patients from the control group had similar weights. A
recent study cbserved an influence of gender on pharmacckinetics of indinavir, which
would suggest higher propensity for women to develop urologic complications (15).

Importantly, patients remained free of urologic complainfs following dose
reduction to 600 mg fid. Subsequent indinavir plasma concenirations fell within the limits of
the control group and viral supprassion was maintained during follow-up. Thus, indinavir
dose reduction may be a useful and scfe control measure for urologic complaints
associated with ¢ high plasma indinavir concentration. Although indinavir concentration
may not predictive of urologic complaints, it might be worthwhile to perform a cost-benefit
analysis of monitoring indinavir concenirations in all patfients in the prevention of urologic
complaints.

In this pilot study indinavir concentrations were compared to an historical control
group. More research is needed to confirm the findings and to learn the long-term effects of
dose reduction in pctients with high indinavir plasma concentrations. Further research
should also be aimed at finding an explanation for the high incidence of urolegic symptoms
seen in our patient population. The cumulative incidence was 16%, which is much higher

than reported so far (1, 2). This might reflect populaticn charactenstics or may be a
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consequence of close patient monitoring {13, 15}. In additicn, the following points should be
recognised. First, urologic complaints, cccurring during indinavir freatment, may not always
be aftributable to indinavir. Second, possible causes of increased indinavir plasma
concenfrations, that can be removed, should be taken into account before applying any
dese adiustment. Evidently, dose reductions should only be applied on the basis of indinavir
plasma concentration measurements. Finally, i should be noted that this study compared
single point measurements of indinavir plasma concentration In individual pafients with the
average concentration of an independent cenfrol group. The resulis of this control group
were believed 10 be a proper reference, but it is not known how single point measurements
of indinavir plasma concentrations relate to other pharmacokinetic parameters.

In conclusion, this study showed that urologic complaints, occuring during indinavir
freatment, are associated with elevated indinavir plasma concentrations. If urclogic
complaints persist despite maximai fluid intake and indinavir plasma concentration is cbove
the upper 95%-confidence limit, dose adiustment may be considered, so that patients can
safely confinue taking indinavir. In cur patfients o dose reduction fo 400 mg #id was found to
be effective. More research is needed to further elucidate the relationship between
indinavir plasma concenirations and urclogic complaints and fo learn the long ferm effects
of dose reductions. The influence of climate on indinavir pharmacokinetics and indinavir
related urologic complaints should be clarified.
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Abstract

Background: Nephrelithiasis is a well-known complication of indinavir treatment and may
result in a variety of urclogical symptoms [US} ranging from renal colic to renal insufficiency.
In order to be able to adequately prevent or resolve US, further knowledge regording the
incidence and risk factors s needed.

Methods: The present study was performed in the ATHENA cohort, a cohort of HIV-infected
patients on anfiretroviral therapy in the Netherlands. The Incidence rate of US was estimated
in a sub-cohort of patfients starting Pl-freatment after 1996 (n=1219). US were defined as the
first report of nephrolithiasis, renal colic, flank pain. hematuria, renal insufficiency or
nephropathy. Risk factors for US during indinavir-reatment were subsequently studied
among the subset of patients who started indinavir offer 1996 (n=644), using multivariate
Cox's regression analysis.

Results: The incidence of US was 8.3 per 100 treatment years of indinavir versus 0.7 per 100
freatment years with other Pls. Risk factors for US during indinavir were low weight (RR:2.1,
95%ClI:1.1-3.9]). low lean body mass [LBM) (RR:1.7, 95%ClI:1.0-2.9], undetectable HIV-1 RNA
when starfing indinavir (RR:3.2, 95%CI1:1.5-6.0}. prior treatment change due to infolerance
IRR:2.4, 95%CI:1.2-5.1), indinavir-regimens of >1000 mg bid (RR:3.1, $5%C1:1.3-8.2) and high
environmental temperatures (RR:3.9, 95%CI:1.7-8.8). Risk estimates were highest among
pafients with a low LBM.

Conciusions: Increased alertness for US is warranted for patients with viral successful
suppression when starting indinavir, patients with @ low LBM, during indinavir-regimens of
>1000 mg bid and during warm weather periods.
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Risk factors for urological sympforms

Infroduction

Adverse effects of HIV-protease inhibitor-containing Highly Active Anfiretroviral Treatment
{(HAART) constitute a threat to the quality of fife, and freatment adherence of HIV-infected
potients {1-3).

Nephrolithiasis is a well-known complication of treatment with indinavir, 20% of
which is cleared by the renal system [4-8}). Symptoms range from renal colic, flank pain,
dysuria and gross hematuria to the passing of o stone. Other symptems related fo the renal
effects of indinavir are crystalluria and rendl insufficiency, which may go undetected
without specific monitoring. Symptoms may occur early or late during treatment and
occasionally occur gven after freatment discontfinuation (7-12). The incldence of urclogical
symptoms among pafients who used indinavir 800 mg three times daily (tid] was estimated
at 4% in clinical trials and 8-16% in other studies (4, $-13).

It is generally assumed that urclegical symptoms are secondary to sludging of
indinavir crystals in the urinary tract, probably due to the low solubility of indinavlr in cqueaous
conditions {14, 15). Therefore, the major risk factor for urclogical symptoms seems 1o be
insufficient fluld intake, which leads to concentrated urine and a diminished urinary flow,
thus facilitafing indinavir precipitation and crystal agaregation {4, 16). Nevertheless.
abundant fluid intake is not always sufficient for the prevention of urclegical symptoms,
which suggests that other factors play arole as well (12}.

High envircnmental temperatures, female gender, concurrent hepatitis C infection.
and high indinavir plasma concentrations have also been suggested as risk factors for
urological symptoms (8, 9. 13, 17-20), Indinavir plasma concenirations depend on the
indinavir dosing regimen used, gastric pH, distribution volume, and both hepatic and renal
clearance (5, 6, 21-23). Any factors affecting these aspects are potential determinants for
the development of urological symptoms.,

We performed « population-based cohort study to estimate the incidence of
urological symptoms among patients using an HIV-protease inhibitor as part of HAART and
to identify potentfial risk factors for urological symptoms during the use of indinavir. We
studied the rele of various indinavir dosing regimens, environmental temperatures and leon

body mass (LBM) in particular.
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Patients and methods

Setfing

We conducted a cohort study within the ATHENA-cohort. This is a large national cohort of
HiV-infected patients in the Netherlands, who have been or are being trected with of least
one of the antiretroviral drugs which were infroduced after July 1994 [cll HIV-protease
inhibitors, ali non-nucleoside reverse tfranscriptase inhibiters and the newer nucleoside
analogue reverse transcriptase inhibitors such as tamivudine and stavudine) and who gave
written informed consent. Patient entry effectively started in May 1998 and confinues fo
date. All 22 Dutch hospitals providing freatment to HIV-infected patients pariicipate in the
ATHENA-project. The project has been approved by the Ethics Committees of dll
participating centres,

According to the national guidelines for HIV-treatment in the Netherlands, patients
are seen at approximately three-monthly intervals for regular follow-up (24}. Data for the
ATHENA-cohort are collected from the medical records on standardised forms by trained
research nurses and freating physicians. This is done retrospectively for the pericd prior fo
consent and prospectively thereafter and continues to date. The resulting database
contains information on gender, age. route of HIV-transmission, height and weight, Start and
stop dates as well as dose frequency of any antiretroviral medication and prophylactic
freatment against opportunistic infections, reasons for stopping such treatments, date of
onset and resolution of HiVrelated diseases, CD4-cell counts, plasma Hiv-1 RNA [oad and
abnormal iaboratory vaiues are cll recorded in a standardised manner. Information on
adverse events in the ATHENA datcbase comprises all events that lead to c change in
anfirefroviral freatment and a number of pre-specified adverse events, among which
nephrolithiasis. In addition, physicians are requested 1o report otherwise remarkable events
and labeoratory abnormalities. On site data monitoring of at least 10% of completed study
forms by central data moenitors takes place at regular time intervals. In addifion, central
data verification through automated database consistency checks are performed. the
resulting queries of which are resclved by local research nurses. Data that had been

entered, monitored and verified before March 2000 were available for the present analysis.

Cohorf definition

On the basis of the treatment data in the ATHENA database we selected two cohorts. The
first cohort of patients commencing treatment with any cne of the HiV-protease inhibitors
wars used to estimate the incidence rate of urological symptoms during use of different Hiv-
protease inhibitors. Patients were eligible for enfry if they started the first HiV-protease
inhibitor no earlier than 1997, when the HiV-protease inhibitors became avdiable as
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prescription drugs through community pharmacies in the Netherlands. Pafients entered the
cohort upon the start of the first HiV-protease Inhibitor and were followed untit development
cf urclogical symptoms, death, loss to follow-up or the date of last data collection,
whichever came first, Cohort parficipants were allowed to change between HiV-protease
inhibitors and fo have treatment inferruptions during the fellow-up period. The duration of
use of each HIV-protease inhibitor was calculated. Censequently, each person could
contribute o multiple specific protease inhibitor exposure categories.

Since urclogical symptoms occur primarily in indinavir users we formed ¢ second
cchort of indinavir users (the indinavir-cohort) fo further specify incidence rates and to
identify risk facters for urological symptems during the use of indinavir. Patients entered the
indinavir-cohort upon first start of indinavir in 1997 or thereafter, independent of previous
HIV-protease inhibitor freatment and previous experience of urolegical symptoms, Follow-up
lasted from the start of indinavir until the development of urological symptoms,
discontinuation of indinavir, an interruption of indinavir for more than seven days, death, loss
o follow-up or the date of last data collection whichever was earliest.

Pctients for whom we had inadequate information regarding freatment, or who
had urolegical symptoms at cohort eniry were excluded from both the HIV-protease
inhibitor cghort and the indinavir-cohort.

Ovufcome measure

A wide range of symptoms has been affributed to the effects of indinavir on the renal
system, including both clinical and sub-clinical sympfoms. Given the way dota are
coliected, it can be expected that the ATHENA-data capture most overt clinical symptoms.
There may be a relative underreporting of sub-clinical symptoms, such as laboratory
abnormalifies and renal insufficlency, depending on the intensity of patient monitoring.
Assurming that any resulting misclassificafion is random within hospitals, the primary outcome
measure of this study was defined as the occurrence of urological symptoms ranging from
nephrolithiasis, renal celic, flank pain and gross hematuria fo @ diggnosis of rencl
insufficiency, nephritis or nephropathy as made by the treating physician. The date of cnset
of first sympioms was defined s the index date.

Co-variates

Potential determinants for urclogical symptoms generally available in the ATHENA database
are gender, weight, HIV-1 RNA load {lower limit of quantification was set at 1000 copies/mL
for the purpose of this analysis), which might be considered as a marker for compliance,
and high plasma concentrations, primary recscon for prior freatment change ([possible

reasons including intolerance, treatment failure, patient request, pharmacological reason,
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other reason with specification, or unknown), concomitant use of ritonavir and co-
fimoxazole, and dosing regimen of indinavir, Body mass index (BMI [kg/m?]) and lean body
mass [LBM, [(height in cm-152)%0.9+50 for men, (height in cm-152)*0.9+45.5 for women])
were calculated from available data, Other factors investigated were the route of MIV-
transmission, CDC-disease classification [25), CD4 cell counts, the occurence of any type of
hepctitis, colendar fime and concomitant use of other antirefroviral medications. The
monthly average environmental femperatures from 1997 unfil the end of 1999 were
refrieved from the internetsite of the Royal Netherlands Institute of Meteorology (KNMI,
www knmi.ni).

Indinavir-regimens were divided into the standard regimen of 800 mg tid, 800 mg
indinavir combined with 100 mg ritonavir bid (800/100 mg bid). 400 mg indinavir combined
with 400 mg ritonavir bid (400/400 mg bid), 1000 mg or more bid > 1000 mg bid), any other
indinavir-regimen {including combinafions with other HIV-protegse inhibitors or non-
nucleoside NRTIs). Continuous variables were dichotomised based on the lower quartile or
the median.

Analysis

Crude incidence rates of urclogical symptoms with $5%-confidence intervals (95%C1) and
relative risks (RR) were caleulated based on a Poisson distribution. The one-year cumulative
incidence was estimated using life fable analysis. Pofential risk factors for urological
symptoms in the indinavir cohort were identified by means of univaricte and mulfivariate
Cox-regression analysis with the duration of indinavir use as follow-up fime, We matched by
freatment centre in order fo control for potential bias from selective prescribing behaviour
combined with increased diagnostic atfention for urclogical symptoms or intensity of patient
monitering. Factors that may vary over time and potfentially alter the risk of urological
symptoms (weight, BMI, CC4 cell count, HIV-1 RNA lcad, indingvirregimen, type of
nuclecside reverse franscriptase inhibitors [NRTl) and envircnmental temperature) were
included in the models as time-varying co-variates. Effect modification was explored by
means of stratfified multivariate Cox-regression analysis. All analyses were conducted with
SP3S 3.0 for Windows.

Resulls

The ATHENA source pepulation comprised a total of 2470 patients, 2362 (96%) of whom ever
used an HIV-protease inhibitor. In total 1239 (52%) potients started the first HIV-protease
inhibifor in 1997 or thereafter. We excluded 18 patients because of incomplete data on HIv-

protease inhibiter freatment and 2 because of presence of urolegical symptoms at the start
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of HiV-protease inhibitor treatment. The final HiV-protease inhibiter cohort therefore
comprised 1219 patients, 445 of whom used indinavir at any time.

For the indinavir-cchort, we included all 445 patients from the HIV-profease inhibitor
cohort who used indinavir. In addifion, we included four patients who had incomplete data
on Inffial HIV-protease inhibiter treatment but complete data on indinavir freatment and 195
patients who started HIV-protegse inhibitors before 1997 but who had the first prescription for
indinavirin 1997 or thereafter. The final indinavir-cohort therefore comprised é44 patients,

Incidence of urological symptoms

Within the HiV-protease inhibitor cohort, o first occurrence of uroiogical symptoms was
reporfed for 49 [4%) patients, 45 ($2%) of whom developed these symptoms during the use
of an HIV-profteacse inhibitor. Other recsons for end of follow-up {right censoring) were death
{3%). loss to follow-up (0.4%) and last data collection [93%). The overall incidence rate of
urological sympfoms was 2.8 [(?5%CH 2.0-3.8) per 100 person years of Hiv-protease inhilsitor
freatment, Table 1 shows the HIV-protease inhibitor specific incidence rates. The majority of
cases {73%) occurred during freatment with indinavir. The risk of urological sympioms during
use cf indinavir-containing regimens was 8.7 fold higher (95%Cl: 7.4-10.2) than during use of
regimens without indinavir.

The indinavir-cohort was larger than the indinavir component in the HIV-protease
inhibitor cohort because patients were allowed fo have used another HIV-protease inhibitor
before 1997. Conversely, the indinavir-cohort had relafively shorter follow-up because
follow-up was ended upon discontinuation of indinavir. The indinavi-cohort was used for
further specification of the incidence rates during the use of indinavir and the idenfification
of risk factors for indinavir-associated urclogical symptoms.

A first occurence of urological symptoms during the use of indinavir was reported
for 58 (9%) patients. Symptoms ranged from nephrolithiasis (n= 38), renal colic or flank pain
(n= 8). gross hematuria [n= 8). renatl insufficiency [n= 6], nephrifis (n= 1} to nephropathy (n=
1]). Other reasens for end of follow-up (right censoring) were disconfinuation of indinavir
(33%}, interruption of indinavir for more than 7 days (6%), death {2%). loss 1o follow-up (1%)
and last data coilection (50%).

The overdli incidence rate of urological symptoms was 8.3 {$5%Cl: 6.3-10.8) per 100
persen years of indinavir treatment. The highest incidence rate was observed during
indinavirregimens of 1000 mg or more twice daily (bid) and during the first six months of
indinavir-treatment (Table 2). Foliowing the first six months, urological symptems continued

to occur but at a steady lower rate as is illustrated in figure 1.
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Table 1 Incidence rates of urclogical symptoms {evenis) during the use of specific HiV-protease

inhibitors
Type of frectment Patients2 Person Events Events per 100 person
years years
N %) N N (%) IRb (95%Cl}
Using any Pi 1219 {100} 1619.4 45 (92 28 {2.0-3.7}
Any [DV-containing 445 (37) 511.4 36 {(73) 7.0¢ {4.9-9.8)
DV 382 {31) 462.3 34 [69) 7.4 {5.1-10.3)
IDV/RTV 82 (7] 44,6 2 [4) 4.5 [5.0-16.0)
IBV/other Plis) 9 m 4.5 0 [0) 0 [0-73.3)
Non-DV-containing 250 {(78) 1108.0 4 {(18) 08¢ (0.4-1.5)
SGV/NFY 44 {4) 449 1 2 22 (0.03-12.4)
NFYV 289 (24) 186.] 2 (4] 1.1 {0.1-3.9)e
RTV/SGIV 374 {31} 4022 4 {8} 1.0 (C.3-2.5)=
RTV 237 {19} 279.4 p {4 07 {0.1-2.6) ¢
sQv 170 {14) 193.6 0 ) s {0-1.9)¢
Other Pl{s) I3 i 1.8 0 {0) ¢ (0-183}
Not using a Pid 602 (4%) 305.2 4 (8) 1.3 {0.4-3.4] °
Cverall Pl-cohert 1219 {100) 1924.6 49 {100) 2.5 [1.9-3.4)

including periods with
and without Pls

1BV= indinavir; NFV= nelfinavir; Pi= HIV-protease inhibitor; RTV= ritonavir; SGV= saquinavir

a Total does not add up since patients may have used mere than cne HIV-protease inhibitor at
different points in fime

IR=incidence rate per 100 person years, $5%-confidence intervals bosed on a Poissen distribution
Relatfive risk during the use of IDV versus the use of other Pl = 8.7 (95%CH 7.4-10.2)

HIV-protease inhibitor Trectment interuption or affer disconfinuation

Statistically significantly lower than IDV regimens with and without other PI(s)

Co0CT

Table 2 incidence rates of urological symptoms levents) during the use of different indinavir-regimens
and during sequential follow-up periods

Type of IDV tregtment Patients® Parson Events Events per 100 person
_vyecrs _years
N (%) N N %) IR [$5%Cl)
IDV-regimen
800 mg tid 486 {75} 539.2 37 {64} 6.9 (4.5-9.5)
> 1000 mg bid 63 (10} 289 7 (12} 2472 (9.7-50)
800/100 mg bid 48 7] 20.9 2 i3] 9.6 {1.1-34.4)
400/400 mg bid 41 {?) 3.2 0 {0 0 (0-11.8)
Other IDV-regimen 154 [24) 75.8 2 (16) 11.9 (5.4-22.5)
Treatment period
0 fo 6 months 644 (100) 273.9 31 (53) 1.3 (7.7-14.1)
410 12 months 451 (70) 190.4 12 (21) 6.3 (3.3-11.0)
12 to 18 months 312 (48} 127.6 g (14) 6.3 (2.7-12.3)
18 to 24 months 206 {32} 724 3 {(10) 83 [3.0-17.9)
24 to 30 months 83 {13} 26.4 1 2} 3.8 {0.1-21.4)
30 to 34 months 3 (5) 8.2 0 {0} 0 {0-46}
Cverall 644 {100} 696.0 58 {100} 8.3 {6.3-10.8)

|DV= indinavir; > 1000 mg= IDV dosages of 1000 mg or more; 800/100 mg= 800 mg IDV combined with
100 mg ritonavir; 400/400 mg= 400 mg IDV combined with 400 mg ritonavir

a Totai dees net add up since patients may have used more than one [DV-regimen

b iR=Incidence rate per 100 person years based on a Poisson distribution
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Figure 1 Hazord of urclogical symptoms during the use of indinavir
Sclid boid line represents the hazard of urclogical symptoms
over fime. Dofted lines represent the standard error. The
straight horizental line indicates the cumulative hozard times
100 over one vear of indinavr treatment, which was 9.0 (95%-
confidence interval: 6.3-11.8).

Table 3 summarises the baseline characteristics of the indinavir-cohort. Overall, patients had
a median age of 39 yvears, were predeminantly male homosexuals with CDC-disease
classification A or B. The median weight, BMI and LBM were 70 kg, 22 kg/m2 and 73 kg
respectively. The magjorty had more than 200 CD4-cells/microl and more than 1000 HIV-1
RNA copies/mL. Most patients had had prior anfiretroviral freatment, started indinavir in 1997
and the most commeoen first indinavir dosing regimen was 800 mg indinavir tid combined with
AZT and 3TC, usudlly without concomitant co-timaxazole.

Risk factors for uroicgical symptoms

Baseline characteristics associated with urclogical symptoms were: LBM below the lowest
quartile {68 kg}. undetectable HIV-1 RNA (<1000 copies/ml). absence of co-frimoxazole use
and prior change of an anfiretroviral freatment component due to any type of infclerance.
Prior change due to intolerance and the absence of use of co-frimoxazole were both

closely related fo low HIV-1 RNA [Pearson’s Chisguare test, p=0.000 and p=0.002) whereas
fow LBM was not (p=0.647).
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Table 3 Baseline characteristics of the indinavir-cohort at start of Indinavir

Qutcome P-Values
Characteristic at start of 1DV No US (n=586) US (n=58) Total (n=644)
N (%) N (%) N (%)
Follow-up {wks)  Median (QR] 54 2401) 23 (10-53] 50 2389 -
Age lyears) Medion IQR] 39 (33-46) 39 (33-42) 39 [33-45)  Ns
Gender Female &7 115} 4 (15) 26 f15) Ns
weight (kg) Median (IQR) 70 (63-90) 64 61-75) 70 (63-79)  Ns
> 70 196 {33) 14 {24) 210 {33) Ns
<70 200 [34) 23 {48) 228 (35)
Missing 190 [33) 14 (28) 206 [32)
BMI [kg/TR) Median 1GR) 22 (20-25) 22 0024) 22 {20-25)  Ns
>22 195 (33) 22 138) 217 (34) Ns
<22 175 (30) 20 {35 195 (30)
Missing 26 (37) 16 122) 232 (3¢)
LBM (kg) Medicn |QR) 73 (6878) 716 (6674) 73 (6878)  Ns
> 68 398 (68) 35 {40) 433 {67) 0.0638
<68 145  (28) 23 {40) 158 (26)
Missing 43 7) 0 {©) 43 i7)
Route of Hiv- MSM 372 68) 37 (67) 409 (68) Ns
Transmission Vdrugs 27 {5) 5 %) 32 {5)
Other 152 28) 13 [24) 145 (27)
Stage of HIV- Non-aids 523 (8%) 52 {90) 575 (89} Ns
infection Alds 43 on 6 {10) &9 (11)
CD4-cells Medion IQR] 205 [72-359) 209 (75-423) 206  (75-360) Ns
{108/L) Missing 82 (14) 9 {16) 71 [14)
HIV-1 RNA > 1000 425 73 37 (84) 462 72} 0.002¢6
lcopies/ml] < 1000 70 12) 14 (24) 84 (13)
Missing 91 {16) 7 (12) 98 (15)
Ever any type of hepatitis ? (2) 1 2) 10 (2) Ns
Prior urological symptoms 2 ©.3) 1 [2) 3 {0.5) Ns
Co-timoxazole 244 [42) 17 (29) 261 [40) 0.0425
Prior ART 350 (60) 35 {60} 385 {60} Ns
Reason prior None 318 (54) 24 (45) 344 (53) 0.0187
change ART  Cther 200 (34) 19 [33) 219 (34)
Intolerance 68 [2) 13 {22) 81 13
Year of start 1DV 1997 357 [61) 44 (74) 401 {62) Ns
19%8 143 (28] 12 21) 175 (27)
1999 46 (1) 2 3) 68 on
First IDV- 800 mg tid 424 (72) 48 73) 472 73 Ns
regimen > 1000 mg bid 27 (5) 3 {5) 21 (3]
800/100 mg bid 21 (4] 0 {0) 46 (7)
400/400 mg bid 45 8) 1 2} 30 [5)
Other 49 12) 3 @) 75 12)
NRTI ATT/3TC 256 {44) 32 (55) 288 (45) Ns
combination 31C/d4T 176 (30) 13 (22} 189 (29)
a41/ddl &8 12) 8 (14} 76 (12)
Other 79 {14) 5 ) 84 {13)
None 7 ) 0 o) 7 (1)
Environmental  Median (QR} ¢ [7-16) 10 (7-15) 9 (7-16) Ns
temperature <15 420 (72} 44 {78) 464 {72)
f=C) 1518 142 [24) 14 {24) 156 [24)
>18 24 (4) 0 {0) 24 (4)

ART= anfirefroviral freatment; BMI= body mass index; 1IDV= indinavir; IVdrug= intfravenous drug use; LBM=
lean body mass; MSM= man having sex with man; reason pricr change ART= primary reasen for
changing prior ART (other includes fallure, patient request, pharmacological. other with specification or
unknown); US= urolegical symptoms: 2 1000 mg= IDV dosages of 1000 mg or more; 800/100 mg= 800 mg
IDV combined with 100 mg ritonavir; 400/400 mg= 400 mg DV combined with 400 mg ritonavir

a  Coxregression with days on IDV as follow-up fime; Ns= p>0.7
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Table 4  Risk factors for urological symptoms within the indinavir-cohert {n= 4644)

LBM (kg
Characteristic Crude® AdjustedP <68 > 468
RR {95%CI) RR {F5BCH RR (95T RR (95%C1)
Boseline choracteristics
LBM (kg) > 48 i 1
<68 1.7 (£.0-2.9) 1.6 [0.9-2.9)
Missing - - - -
HIV-T RNA >1000 1 1 1 H
{coples/mL} <1000 3.2 {1.5-6.0} 3.1 (1.5-6.3) 33.6 (3.5-324.0) 21 {0.8-5.3)
Missing 1.0 {0.4-2.3) 0.9 {0.4-2.3) 3.4 {0.7-15.4} 0.6 {0.1-2.8)
Co-fimoxazole No 1
Yes 0.6 {0.3-1.0)
Reason pricr Nong ;
change ART Other 1.3 (0.7-2.4)
Intolerance 2.4 {1.2-5.1)
Time dependent characteristics
Weight (kag) > 70 1
<70 2.1 {1.1-3.9)
Missing 1.8 (0.8-4.0)
{DV-regimen 800 mg tid 1 I ] 1
>1000 mg bid 3.1 [1.3-8.2) 3.2 (£.2-8.7) 8.7 {1.2-65.7) 2.0 {0.4-8.9)
800/100 mg hid 1.0 (0.2-4.9} 1.1 (0.2-5.5) 7.0 {0.6-75.0) - -
400/400 mg bid - - - - - - - -
Other 1.7 {0.8-3.4) 1.9 [0.9-4.1) 38 {0.8-19.4} 1.3 {0.4-3.7)
Environmentat <15 1 1 1 |
temperature (°C)e 15-18 0.5 {0.2-1.2} 0.5 {0.2-1.2) 0.6 (0.2-2.4) 0.3 {0.1-1.1}
>18 3. {1.7-8.8) 4.1 {1.7-9.5) 4.4 (1.2-345) 27 (0.8-8.7)

LBM= lean body mass; Reason prior change ART= primary reason for changing any prior andirefroviral freatment {other includes failure, patient request,
phormacelogical, other with specification or unknown); > 1000 mg= IDV dosages of 1000 mg or more; 800/100 mg= 800 mg DV combined with 100 mg ritonavir;
400/400 mg= 400 mg IDY combined with 400 mg ritonavir

a  Cox-regression analysis strotified for hospital with days on IDV as follow-up time

D Adjusted for HIV-1 RNA at baseline, LBM, IDV-regimen and envirenmental temperalure

¢ enviranmental temperature as average temperature in the month of Ihe index date (history of weather reports on internet www knmi.nl)
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In addifion to the baseline veriables, we assessed whether time-varying co-variates such ¢s
weight, BMI, CD4-cell count, HIV-1 RNA load, indinavir dosing regimen, type of NRTIs and
environmental femperafures altered the risk of urclogical symptoms. Of these, low weight
but not BMI, indinovir—fegimens of » 1000 mg bid, and high environmental temperatures
were associated with urclogical syrmptoms.

Table 4 shows the crude and adjusted relafive risks for all factors that were
univarictely cssociated with the development of urclogical symptoms at a p-value of 0.1.
Adjustment for age and gender alone [data not shown] and adjustment for univariately
associated variables did not change any of the associations. Weight was excluded from the
multivariate analysis because of its close relation to LBM.

Restricting the analysis to clinically overt symptoms such as nephrolithiasis, renal
colic, flank pain or gross hematuria did not lead to different conclusions (data not shown).
Unfortunately, the data did not aliow further breakdown of urological symptoms due to
small patient numbers.

Strafification for LBM showed that the effects of undetectable HIV-1 RNA load (<
1000 copies/ml). indinavirregimens of > 1000 mg bid and 800/100 mg bid and
environmental femperature above 18 °C were more pronounced in the low LBM stratum as
reflected in higher RRs.

A further description of the course of events was made to provide insight into the
reversibility of symptoms, Twenty (34%) patients with urclogical symptoms discontinued
indinavir, 16 (28%) of whom had subsequent rasoluticn of their symptoms within a maximum
of 86 days. On ther other hand, we observed resolution of urological symptoms for 37 (64%)
patients without or before discontinuation of indinavir. For 5 (9%) patients resclution of

urclogical symptoms had not been recorded, 4 of whom had discontinued indinavir.

Discussion

in this large population based cohort of HiV-infected patients in the Netheriands the risk of
vrological sympfoms during the use of indinavir was eight-fold higher as compared to other
HIV-protease inhibitors. The large difference in incidence between indinavir and other HIV-
protease inhibiters is an expected finding. although the incidence among indinavir users
was lower than reported elsewhere (4, 9, 12, 13, 20). The majority of urclogical symptoms
occurred within the first six months of indinavirdreatrment, but the incidence remained
elevated therecfter albeit at o reduced steady rate.

Risk factors for urological symptoms were low LBM, undetectable HIV-T RNA (< 1000

copies/mL) at the start of indinavir and inherent 1o this prior stopping of an anfiretroviral drug
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due fo any type of intoleronce and the absence of concomitant co-frimoxazole use. In
addifion, indincvir-regimens of > 1000 mg bid, low weight and monthly environmental
temperatures above 18 °C were identified as risk factors. Neither gender nor concomitant
use of co-frimoxazole, which have been suggested as risk factors before, were associoted
with urclogical symptoms in cur study (8, 18].

The finding that LBM rather than BMI was associated with urological symptoms can
be explained by the fact that a low LBM reflects a low distribution volume which may lead
fo higher indinavir plasma concenirations. Moreover, indinavir has low lipid solubility resulting
in low fatty fissue penetfration and therefore ittle protective effect of the amount of fatty
fissue (6).

Patlents with undetectable HIV-1 RNA at the start of indinavir represent a seleciion
of patients who previously had successful frectment with ART, These patients are more likely
to have therapeutic or even high plasma drug concentrations than patients without viral
suppression. As @ consegquence they may be more susceptible to plasma concentration
dependent adverse effects such as indinavir asseciated vrolegical symptoms 13 We can
only speculate on this cssociation since we did not meagsure indinavir plasma
cencentrations. However, a large proportion of patients with viral suppression had prior
infolerance leading to a freatment change, which confirms the fact that these patients
may indeed be more prone to development of adverse effects {26). Another possible cause
of urological symptems in this group of patients might be for example nausea leading to less
fluid intake and increased urine concentration.

The finding that indinavir desing regimens of > 1000 mg bid. which achieve higher
indinavir plasma peak concentrations (Cmax) and larger areas under the curve (AUC),
were associated with urological symptoms is consistent with earlier reports of the relation
between urclogical symptoms and high plasma indinavir concentrations {13, 27, 28). It is not
known which pharmacokinetic parameter, high Cmax or increased AUC, is the more
important determinant of the risk for urological symptoms. Unfortunately the number of
patients using the indinavir/rifonavir combination of 800/100 mg kid, a regimen with a Cmax
comparable to that of indinavir 800 mg fid and a large AUC {28, 29}, was too small to
differenticte between the effects of high Cmaox and large AUC.

It has been reporfed before that a high environmental temperature increases the
risk of urclogical symptoems (17, 20). As suggested before, reduced urine production as a
consequence of increased perspiraticn is the most likely explanation for the associafion
between envircnmental temperatures and urolegical symptoms. The cumrent advice for
pcatients to drink at feast 1.5 L per day may not be sufficient under warm weather
circumsiances (30).
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Potential limitations of this study mainly concemn information bics and bias due fo
diagnostic suspicion for urclogical symptoms among indinavir users rather than users of other
HiV-protease inhibitors. We dealt with these biases as much as possible. To avoid information
bigs, we included only patients who started in 1997 or therecfter. thus eliminating o period
of accustomisation to the new HiV-treaiment entities and preventing major underreporting
due fo relative unawareness of the sympfoms. $till, sub-clinical urological symptoms of
indinavir such as mild renal insufficiency that goes undetected if renal function is not
regularly assessed may have been underreported. Furthermore, cerfain  urclogical
symptoms may have been misdicgnosed as urinary frect infection. Underreporting or
misclassification may have led fo an underestimation of the incidence rate. It is however
unlikely that it has affected the identification of risk facters for urelogical symptoms since we
matched on trectment cenifre within which the degree of reperting and preference for
indinavirr-regimens can be expected fo be equal between patients. Diagnostic suspicion
bias is unlikely to have playved a role in the idenfification of risk factors either as we restricted
this analysis to indinavir users only. Potentfial effect modifying factors in the observed
associations such as dietary changes and fluid infake were not available for analysis,

Given the fact that indinavir plasma concentrafions play an important role in the
development of urolegical symptoms, inhibitors of the cytochrome P450 CYP3A4 as well Qs
hepctic dysfunction might aggravate the effects observed in this study as effect modifiers
(9. 14, 31-33). As the use of inferacting drugs prokably is rare, because of an automated
warning system for incompatible drug combinafions as operated by the community
pharmacisfs in the Netherlands {34). and the prevalence of clinicaily overt hepatitis is low in
our cohort [2%), these factors are unlikely to have caused a major impact on our results.

In conclusion, we found an incidence rate of urologicd symptoms of up to 8.3 per
10C person years of indinavir freatment in this large population based cohort study. Low
LBM, low HIV-1 RNA at the start of indinavir, the use of indinavir-dosing regimens higher than
the standord dosing of 800 mg fid and warm weather days were al idenfified os
independent risk factors for the development of urological symptoms. As high indinavir
plasma concenirations appear to play o key role, it may be useful to include indinavir
plasma concentration monitoring os a preventive strategy for urological symptoms.
Alternative indinavir/ritonavir dosing regimens with lower Cmax and/or smaller AUCs may
have to be considered. Our study focussed on the identification of risk factors for urclegical
factors. Any of the proposed control measures will have to be tested for their ability to
reverse and prevent urological symptoms, Finally, the resulis endorse the need for increasing
fluid intake during warm weather days or comparable circumstances during which urine

output may be decreased.
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indinavir crystallisation under loop of Henie

conditions: experimental evidence
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Absiract

CObjective: To determine the probable site of the nephron and the plasma indinavir {IDV)
conceniration at which intra-renal IDV crystaliisation occurs.

Design: We performed in-vitro crystallisation experiments in IDV solutions simulafing the
conditfions encountered in the nephron.

Method: To determine infra-renal IDV concenirations at which the condifions in the nephron
allow crystdilisation, several concentrations of IDV base sclutions (0-800 mm) were titrgted
from pH 4.0 fo higher pH values unfil crystals occured within one minute. Based on the
combination of pH and lonic strength at which crystals occurred, the site of the nephron fo
which these apply was determined. Based on the concentrating capacity up to that site,
the comesponding plasma 1DV concentration was calculated.

Resulis: Under condifions applying o the proximal tubule, pH 6.7 and ionic strength of 200
mM, IDV crystallised at 200 mg/L. Under conditions applying to the loop of Henle, pH 7.4 and
ionic strength of 200 mM, IDV crystaliised at 125 mg/L, which woutd corespond 1o a plasma
1BV concentration of 8 mg/L.

Conclusion: IDV crystallisation is most likely to occur in the loop of Henle and may already
start af plasma DV concentrafions of 8 mg/L. Increasing hydration will net reduce the risk of
IDV crystallisation in the loop of Henle, but rother prevent IDV crystallisction and
aggregation in the lower urinary fract. It remains fo be confirmed whether prevention of
high IDV plasma concentrations will reduce the risk of IDV crystaliisation in the loop of Henie.
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Introduction

Treatment with the widely prescribed HIV-protease inhibitor indinavir {IDV) is associated with
renal intclerance, the spectrum of which ranges from a-symptomatic crystalluria {20-32%}
and interstitial nephrifis to symptomatic nephrolithiasis (4-12%} (1-4). Renal failure and renal
afrophy have been described (5-10).

Mass-spectrometry has shown that urinary crystals and caleuli from IDV frected
pafients primarily consist of the 1DV base monchydrate (3,11). Liftle is known ¢bout the exact
site of IDV crystal formation, IDV crystals have been found in the cortical and medullar
collecting ducts and in interstiticl cells of the kidney suggesting that IDV crystallisation may
already start in the renal fubuli {3,4.8.12-14). For the development of preventive strategies for
renal complications from IDV it is imporfant to understand where and under which
conditions Intra-tubular IDV-crystal fermation may occur.,

Cral IDV is rapidly absorbed and 24% of the ingested dose is excreted and
secreted into urine within 24 hours about half of which as the parent molecule, IDV
monohydrate (12,15,16). IDV monohydrate is @ weak base with pKa values of 5.9 and 3.7. It
is poorly soluble in aguecus solutions of high pH {17]. Given the physico-chemical properties
of IDV, intra-tubular crystallisation of IDV most likely is supersaturation driven,

During passage of the glomerular filfrate (GF} through the tfubuli the fiuid passes
zones of varying pH-values and ionic strength (IS) while the GF is increasingly concentrated.
These conditions have been described in ¢ model taking intfo account normal glomerular
fillration rate. tubular function, tubular reabsorption and secretion processes, tubuiar
dimensions and tubular flow rates (table 1} (18-20). In brief, the pH reaches a maximum of
7.4 in the longest loops of Henle (LH), coinciding with an high 1S and high GF conceniration.
Subsequently the pM gradugily decreases fo urine pH and the GF is further concentrated
depending on the hydration status of the body. The model has been used previously for
example to explain how calcium salt crystaliuria can be a frequent finding while de novo
calcium salf crystal formation in uring is difficult. The reqsen is that the conditions in urine do
not reflect the infro-tubular conditions {18-20).

The lowest solubility for IDV in the renai Tubuli is prebably reached in the LH due to
the high pH values. Since the conditions in the respective parts of the nephron are relatively
stable under nomal physiclogical conditions, variations in the local DV concentration
depend primarily on varigtions in the unbound fraction of plasma IDV that i filtered by the
glomeruli. Not taking into account the 1S in the tubuli and assuming a two-feld secretion
component, it can be calcuiated that the fluid in the LH becomes saturated af plasma IDV

concentrations of 1.5 mg/L (16,17). However, i is not known at which level of saturation
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(supersaturation) crystallisation occurs, if IS affects the solubility of IDV and F crystals can
grow to a large enough size during the available fime in the nephron.

We performed crystalisation experiments taking info account the existing
condifions in the nephron in order to determine the part of the nephron In which 1DV
crystallisation is most likely to occur and fo determine the plasma 1DV concentration
needed for this.

Methods

In the crystallisation experiments the 1S and the pH were vared fo simulate the normail
physiological conditions in the various segments of the nephron as described in the model
presented in table 1. Based on the plasma IDV concentrations of patients with urolegical
complaints and the known conditions in the fubuli, IDV concentfrations of 105 mg/L 1o 260
mg/L may be expected in the LH of these patients {Figure 1).

Table T Model describing the changing physiclogical conditions and fluid compaesitions during
passage through the various parts of the nephroen (19,20)

Part of the nephron PH 1S {mM) Passoge Degree of
fime (s) concentrotion

GF 7.25 136-145 o] 0

PT &7 140-2C0 24 3

L.H 74 200-870 40 20

Ascending LH 67 870-73 100 520

DTa Regulation to urine pH 73 to 30-50 31 520

CDe Regulation to urine pH 30-50 to 45-582 29-49 20-200

GF= giomerular ulira filtrate, PT= proximal tubule, LH= loop of Henle, DT= distal tubule, CD= collecting
duct, I3= ionic sfrength
a Conditions largely depend on the hydration status of the body

Crystallisation experiments

Varying amounts of pure IDV base {IDV monchydrate) provided by Merck & Co., were
dissclved to concentrations of 10C, 125, 150, 200, 250, 500 and 750 mg/L in purified water
solutions with 1S of 0, 200, 400 and 800 mM NaCl af o low pH of 4.0. In g test run the pH
required for supersaturation and particie formation was established. Parficle formation was
menitored by means of optical density of the solufion [21). Subsequently, three runs of the
same experiment were done in which the IDV sclutions were fitrated to higher pH-values
with 0.1 mm NaOH to rapidly approach the state of supersaturation and fitrated further with
0.01 nM NaOH until particle formation {crystallisation) occurred within one minute. One
minute was considered as the fime that a given test solution must remain particle free in

order to allow a safe passage through the specific part of the nephron {18,19). The pH-value
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at which particie formation cccured was recorded. Selutions were filtered through a 0.1 pm
nucleopore polycarbonate filter affer one minute and the precipitate was examined for
presence of iIDV crystals by infrared spectrometry, light microscopy and scanning electron
microscopy. All experiments were performed in triplicate at room temperature, Results were
expressed as the average pH-value af which particle formation {crystallisation) occured ot

a certain IS and DV conceniration.

urine IDV concentration {mg/L)

180

160 =
c Loop of Henle

Proximal tubuli
& Glomeryl

140
120
100
80

&0

40 45 50 S5 40 85 70 TS g0 85 90 85 10

plama 1DV concentration {mg/L)

Figure 1 indinavir {IDV) concentrafions expected in the respective parts of the nephron given certain
plasma IDY concentrations
Figure shows the reiationship between relevant IDV concentrations encountered in plasma {x-
axis) and the nephron (y-cxis) as predicted by the moedel described in table 1. The glomeruli
harbour a pH of 7.4, along the proximal tubuli the pH decreases to 6.7 and in the longest loops
of Henle the pH reaches 7.4, Solubility data suggest that the fluid in the locop of Henle is
saturated with IDV at all indicated plasma 1DV concentrations (17).

The part of the nephron to which this pH and IS applied was determined according to table
1. The degree of fluid concentration present In this part of the nephron was then used to
calculate the 1DV plasma concentration at which crystallisation would first occur, assuming
100% filtration of plasma IDV, a two-fold secretion component in the PT and 61% plasma
protein binding of IDV {Figure 2).
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[| DV] nephn:mb
[IDV]piosma® =

IDV secrefionce * concentrating capacityd * fraction of filterable plasma IDVe

Figure 2 Interpolation to plasma indinavir {IDV]) concentrations

a Plasma DV concentration

b 1DV ceoncentration in the part of the nephron of interest

¢ 1DV secretion in the proximal tubulus estimated af 2 (16)

d Esfimated concenfrating capacity in the part of the nephron of inferest (20 for the LH)
e Estimated free fraction of filterable plasma (DV= 0.39 (39%)

Resylts

Table 1 shows the fluid compositions (IS and pH) during passage of GF through the various
parts of the nephron. Up fo the descending LH, the pH first decreases and then increases to
amive af a maximum of 7.4. The IS of the filirate also increcses to a medmum in the
cdescending LH where the concentrating capacity is highest. From the ascending LH to the
distal tubule the pH decreases to urine pH and the IS first decreases and then increases in
the collecting ducts to ifs final urine value.

Crystallisation occumred very rapidly after exceeding supersaturation. Table 2 shows
the pH and IS ot which certain IDV concenfrations formed crystals within one minute.
According to table 1 the only sites of the nephron to which these conditions of pH and 1S
apply are the PT and the LH. Crystallisation occurred at a local IDV concentration of 200
mg/L and 125 mg/L in the PT and LH respectively. Light and scanning electron microscopy
analysis demcnstrated the typicat starburst appearance of IDV crystals, which are also seen
in IDV crystalluria (3,9,22,23).

Assuming 39% unbound plasma DV, a normal glemerular and tubular function and
« two-fold secretion component, an 1DV concentrafion of 200 mg/L af the end of the PT
comresponds to ¢ plasma IDV concentration of 85 mg/L, which is not attainable with current
IDV dosing regimens. An 1DV concentration of 125 mg/L at the end of the descending limb
of the LH would comespond to a total plasma IDV concentration of 8 mg/L. which is
attcinable with cumrent dosing regimens. These resulls imply that infra-tubular 1DV
crystatlisation probably is unlikely o occur at plasma IDV concentrations below 8 mg/L, but
might occur at plasma concentrations above this level. Crystallisaticn first occurs af the
bend of the LH and probably does not occur in the PT or the descending and ascending
fimbs of the LH.
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Table 2 pH ($D) at which indinavir (IDV) crystals are formed within cne minute for a given IDV
concentration and ionic strength

[IDVicr (mg/L} lonic Strength [m)

0 mh4 200 MM 400 m 800 mM
125 7.36 (0.04] 7.41 (0.07)° 7.53 (0.04) 7.50 (0.02)
150 7.08 (0.02] 7.23 (0.23)0 7.34 {0.09)% 7.44 {0.08)°
200 401 (0.11] 6.65 (0.13) 6.86 [0.04) 6.80 {0.12)
250 5.79 (0.08] 6.10 [6.04) .31 10.01) 6.29 (0.04)
500 5.7 (0.03} 5.41 (0.06) 5.65 (0.02) 5.61 (0.03)
750 495 {0.03) 531 [0.02) 5.47 [0.05) 5.42 [0.06)

[IDV]er = IDV concentration in the glomerular filfrate, Values are pH-values with one standard deviation
between brackets (n=3); bold Ttafic print indicates physiclogical conditions present in the renal tubuli

a  Physiclogical conditions present in the lcop of Henle

b Physiolegical conditions present in the proximal tubul

Discussion

The results of the crystallisation experiments support the hypothesis that the risk of IDV crystal
formation in the nephron s highest under conditions existing at the bend of the LH. It was
also shown that crystal formation occurs upon exceeding saturation and that erystals can
grow rapidly within the available passage fime once supersaturction is reached. Our data
do not provide an exact upper limit for tolerable plasma IDV concentrations, but suggest
that IDV crystallisation in the LH might already occur af IDV plasma concentrations of 8
mg/L, which should be interpreted as an indication rather than a statement.

Since concentrations of 8 mg/L are commaon with IDV regimens of 800 mg tid (24).
intra-renal IDV crystallisation might be a frequent event not necessarily leading to clinicaily
apparent nephrolithiasis. A previous study showed that clinical symptoms were associated
with plasma IDV concenirations of more than twice the population mean (25). Intra-renal
crystallisation might even be more frequent with ritonavir boosted IDV regimens, such as
twice daily 800 mg IDV combined with small doses ritonavir, since plasma IDV peak
concentrations are increased {16,26-29}). In addition, such boosted regimens vield an
increased risk of IDV supersaturation in the lower urinary tract because of the longer periods
of high plasma IDV cancenirafions, resulting in larger amounts of IDV excreted into urine
(16,28).

Increasing  hydration, which is the cument advice for controling urclogical
complications from DV, will only increase the urine flow beyond the LH in the collecting
duct and therefore be ineffective against the potential formation and effects of IDV crystals
in the LH {1,7). The increased urine flow and dilute urine caused by increasing hydration
rather is effective against crystcl aggregation and new IDV crystaliisation in the lower parts
of the urcgenital fract. Adequate hydration therefore s essential in the prevention and

alleviation of urological complications, but may not always be sufficient. Given a direct
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association between the free fraction of plasma IDV cand the degree of supersaturation in
the LH, avoidance of high plasma IDV concentrations by means of dose adjustments might
be an effective control measure against IDV crystal formation in the LH. in doing so it must
be ensured that adequate plasma DV trough concentrations are maintained for optimal
viral suppression {24}, for which the combination of indinavir with ftonavir offers possibiiities.

The results of this study are based on a maedel that has been used successfully to
explain calcium salt crystaliisafion processes {18). Cbviously these results need substantiation
in a clinical setting. In addition, the following points should be taken inte consideration. First,
the IDV concentration of 8 mg/L as the suggested upper tolerable concentration may need
to be comrected for variations in plasma protein binding and secretion of IDV, We gssumed @
free fraction of IDV of 39% and ¢ two-fold secrefory compeonent (1,12,16,28). The degree of
plasma protein binding appears to vary from 54 to 70% and is lower at higher plasma 1DV
concentrations, suggesting an additive risk for high plasma peak concentrations (30).

Second, we did not take into consideration the possibility of re-absorption of 1DV,
Weak bases ke IDY may have the capacity 1o migrate along the epithelium into the
interstifium. Re-absorption in the PT would lead 1o lower infra-tubular IDV concentrations and
less risk of crystallisation.

Third, the experiments were conducted af rocm temperature whereas physiclogic
tempercture is 370C. Since IDV sclubility might be slightly better at higher temperatures the
actuadd risk of IDV crystallisation might be slightly lower. Furthermore, we assumed that 1DV
crystallisation in the LH is a sole consequence of supersaturation independent of any
promoters or inhibitors. Other factors, such as proteins, might etther premote or deloy the
IDV crystallisation process. Calcium phosphate crystals, which are usudlly present in the LH,
might for example promote IDV crystallisation, whereas cifrate may inhibit this process (31-
34). '

Finally, we assumed normal giomerular and tubular function. Reduced glomerular
filtration would lead to lower infra-tubuler 1DV concentrations and hence a lower risk of
intra-tubular crystatlisation. Tubular dysfunction might lead to higher Intra-tubular pH values
and hence ¢ higher risk of crystallisation. However, given the concentrating capacities of
the varicus parts of the nephron, the pH In the PT needs to be exfremely high to induce iDV
crystallisation. In the distal tubuli a pH of 7.4 is needed to equal the risk of IDV crystallisation
in the LM. In the collecting duct the risk of crystallisation may ecsily be increased at higher
pH because of the high IDV concentfraticns recched. An associafion between urine pH and
IDV crystais has indeed been described elsewhere (2,34.35).

In conclusion, the results suggest that plasma DV concentrations of 8 mg/L may
dready cause 1DV crystaliisation in the LH, the conditions of which cannct be influenced by

modifying hydration. Therefore, dose adjustments to minimise the maximum plasma 1DV
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concenfrations while maintaining adeguate trough concentrations might be indicated for

patients with urclogical adverse effects from IDV. The conclusions are based on the

assumptions that the model employed s an accurgie approximation of the changing

cenditions in the nephron, that there is no fubular re-absorption of IDV, normal renal function

and no influence of promoters and inhibitors. It remains 1o be confirmed whether avoidance

of plasma 1DV concenirafions of 8 mg/L reduces the risk of IDV associated urolegical

complications in a clinical setting.
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Abstract

Background: Symptomatic nephrotoxicity s a wellknown complication of indinavir.
Howaver, litfle is known about the clinical refevance of leukocyturia during use of Indinavir.
Objectives: To estimate the prevalence of levkocyiuria and to determine risk factors for
persistent ieukocyturia and changes in renal function.

Methods: Consecutive patients on indinavir visiting three adult cutpatient clinics, underwent
urinalysis at each regular visit {cnce every three months) between August 1998 and
September 2C00. Urinalysis included dipstick pH. erythrocytes and leukocytes, microscopy for
indinavir crystals and urine albumin/creatfinine ratio. Serum crecatinine and indinavir plasma
concentrafions were measured and urclogical symptoms were retrieved from medical
records. Presence of urinary fract infection was excluded.

Resulis: 184 patients underwent af least one urinalysis, 35% of whom had leukocyturia (ie.
>75 cells/ul) at any fime during the study period. Leukocyturia coincided with mild albumin
loss, erythrocyturia and crystailuria. Thirty-two of 134 {24%) patients with two or more
assessments had persistent leukocyturia (ie. >2 cccasions). Risk factors were indinavir plasma
concentration above 2 mg/L. urine pH above 5.7 and crystalluria. Persistent leukocyturia
was associated with a gradudl ioss of renal function, but was not associated with urclogical
symptoms.

Conclusion: Leukocyturia s a frequent finding which 15 associated with a loss of renal
funcfion Independently of urclogical symptoms. Patients should be monitered for renal
function during indinavir freatment. Indinavir plasma concentrafions, urine pH and indinavir

crystalluria are associgted with persistent leukocyturia.
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Infroduction

The HIV-protease inhibitor indinovir is widely used in the treatment of HiV-infection. As
prolonged viral suppression can now be achieved by chrenic treatment with highly active
anfiretroviral freatment (HAART), long-term adverse effects become of increasing concern.

indinavir may cause symptoms of nephrolithiasis through the formation of indinavir
crystals, particularly in urineg with a high pH {1-5). Howsver, damage fo the tubular
epithelium may also occur without symptoms. This sub-clinical phase can be followed by
symptomatic renal injury (6). There have been several reports of renal failure (7-10). renal
ctrophy (11, 12), inferstitial nephiitis (6, 13-15) and papillary necrosis (16) following the use of
indinavir.

we performed a prospective cohort study among patients on indinavir fo
systematically screen for sub-clinical signs of nephrotoxicity with the objective to estimate
the prevalence of milkd and non-symptomatic urine abnormglities as indicator of mild renal
injury (17-19}. Furthermore, we determined risk factors for persistent leukocyturia and
changes in renal function.

Patients and methods

Setting

Between August 1, 1998 and September 1, 2000 the outpatient clinics of the Erasmus
Medical Cenfre Rofterdam (Erasmus MC), the University Medical Centre Nijmegen and the
Walcheren Hospital in Viissingen in the Netherlands camied out an indinavir nephrotoxicity
monitoring program, which was approved of by the Institufional Review Board. Patients
freated with an indinavir containing anfiretroviral regimen were monitored on their three-
monthly visits to the outpatient clinic.

For the present analysis, our cohert comprised all pafients 18 years and older in the
monitoring program [oth prevalent and incident users of indinavir). Cohort members were
followed from the moment of inclusion In the monitering pregram unfil the end of the study
pericd, one visit after discontinuation of indinavir, departure from the clinic or death,
whichever event occurred first,

Laboratory assessments
We assessed midstream urinary pH. presence of leukocytes, erythrocytes, crystals and
bacteria in urine, proteinuria as a marker of tubular domage {urine albumin and urine

creqalining concentration ratfio) as well as serum creatining levels and indinavir plasma
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concentrafions. Assessment of urinary pH, presence of leukocytes, erythrocytes and
bacteria was done by means of o dipstick analysis (ComburTest M, Roche
DiagnosticsGmbH, Mannheim, Germany). Presence of leukocytes, erythrocytes and
bacteria was confirmed by light micrescopy. Urine light microscopy using a pcolarisation filter
was performed o identify the presence of indinavir crystals. Urine samples were analysed
with g maximum delay of two hours after voiding.

Urine samples from five consecutive patients with qualitative signs of leukocyturic
were used for leukocyte differentiation on cytospins. For this purpose fresh urine samples
were cenfrifuged ot 1400 rounds per minute {rom) at 6°C for 10 minutes. The resuliing pellet
was washed twice in 500 ul phosphate-buffer solufion (FBS) with centrifugation steps in
between. The final cell suspension was diluted to reach a cell density of 2*10¢ cells/mL.
Cytospin filtration paper on a slide was humidified by adding 50 ulL of 0.9% sodium chloride
sclution, which was rotated at 500 rpm for one minute. Subsequently, 50 uL cell suspension
was added and the slide was rotated again at 50 rpm for ten minutes. Finally, sides were
fixated and sfained with the May-Grinwald-Giemsa staining method after which an
experienced lcboratory fechnician performed cell differenfiation,

Creatinine clearance was estimated from serum creatinine using the equaticn of
Cockeroft and Gault (20). At one hour after the last ingestion of indinavir, seven mL of bicod
was sampled from an antecubital vein info @ fithium heparin vacutainer, for estimation of
the maximum indinavir plasma concentrations. Indinavir plasma concentrafions were
determined af the University Hospital in Nijmegen, the Netherlands cecording to a previously
validated high performance liquid chromatography assay (21). The maximal plasma
indinavir concentration for each patient was used for data analysis.

Additional data collection

Baseline data regarding serum crectinine levels and weight prior to the start of indinavir and
details on height, indinavir freatment, concomitant medication, HIV-1 RNA, CD4 cell counts
and urolegical symptoms during freatment were ccllected from the medical records.
Urclogical symptoms included notes of renal colic, flank pain, the passing of a stone, dysuria
and gross hematuric and were validated independently by three authors blinded to the
presence of levkocyturia, indinavir dose frequency and indinavir plasma concentration.
Symptoms were classified as either indicators of nephrolithiasis. such as the passing of a
stone and flank pain with or without hematuria, or other associated urological symptoms not

attributable to urinary tract infection.
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Case definifion

Since we considered sterile leukocyturia as an indicator for mucosal damage in the urinary
fract, this was the primary cutcome of our study. We considered sterile leukocyturia to be
present if the dipstick test showed more than 75 cells/pl and urinary tract infection was
cksent. We further defermined the presence of persistent sterile leukocyturia (persistent
leukocyturia), defined as the presence of sterile leukocyturia on two or more occasions
during the use of indinavir, since persistent rather than incidental mild renal injury is likely to
have more serious implications,

For diagnosis of urinary tract infection we applied the CDC-definifions for
nosocomial infections based on ciinical symptoms, dipstick analysis and urine culture (22).
Urine culture was performed if signs of bacteria were detectfed by dipstick or urine light
micrascopy or if there was suspicion of urinary fract infection. The results of urine cultures
were judged by an experienced infectious diseases specialist,

Secondary outcomes were erythrocyturia (ie. mere than 40 erythrocytes/ul by
dipstick analysis), crystalluria (more than fwo indinavir crystals per 40x magnified field), mild
albumin oss (ie. albumin/creatinine > 3.5 mg/umol), urological symptoms and a decrease in
renal function {ie. more than 45 umol/L increase in serum creatining since the start of
indinavir].

Stafistical anailyses

To describe the prevalence of leukocyturia and other urclogical abnormalities over time we
first cofegorized all measurements inte 12-week assessments thereby ignoring extra
infermediate assessments {which may have been triggered by abnormal findings at routine
menitoring). Proportions and 95%-cenfidence intervals (95%C1) were colculated based on a
binomial distribution. The six-month hazard of leukocyturia among incident users of indinavir
was caleuiated by means of Kaplan-Meier survival analysis. Associafions between the
presence of levkocyturia and other urine abnomalities were tested with o Chisquare test or
Fisher's exact fest for categorical varicbles and the Mann-Whitney U test for continuous non-
normally distributed variables in a cross-sectional analysis of the first assessment of prevalent
inclinavir users.

In a second step, we calculated the prevalence of persistent leukocyturia among
patients who had two or more urine assessments during the use of indinavir. Potential risk
factors for persistent leukocyturia were identified through univariate and mulfi-variate risk
ratio analysis. Resulis were expressed as relative risks (RR) with $5%Cl. In the subpopulation of
patients with two or more urine assessments we alsc compared renal function {serum
creatinine and crecfinine clearance) during follow-up befween patients with and without

persistent leukocyturia by means of General Linear Model for repeated measurements

71



Chopter 2.5

adjusted for baseline values. For all analyses statistical significance was accepted at a two-

sided p-value lower than 0.05.

Results

During the monitoring period, we included 184 adult patients with a median age of 3% years
of whom 80% were male. Patients were predominantly prevalent users of indinavir (n=161,
88%). who had been using indinavir for a median of 67 (inter quartile range [IQR]: 12-109)
weeks prior fo eniry in the monitoring program (Table 1). The overall median follow-up while
being monitored was 48 [IQR: 24-72) weeks, Patients who were monitored from the start of
indinavir use (incident users) had o median follow-up of 39 {14-64) weeks. During follow-up,
we obtained g total of 622 urine samples with a median of three analyses (IGR: 1-4} per
patient.

Table 1 Characteristics of patients included in the Indinavir nephrotoxicity monitoring program (n=184)

Characteristic at the first assessment

Age (years) 39 {IGR: 34-48)
Male 148 {80%,)

Lean body mass (kg) [n=168} 72 IGR: 65-77)
CDC-C classification [n=144] 66 [40%)
Hepatitis C infection [n=74] 1A [14%)
Concomitant use of Co-trimoxazole 43 (23%)
Prevalent use of indinavir 161 (88%)

Weeks on indinavir (prevalent users) &7 (IQR: 12-109)
CD4 cel count in=140] 330 {(IQR: 170-508)
HIV-1 RNA < 500 copies/ml [n=84] 46 (55%)

IQR=infer quartile range

Curing follow-up 64 (35%, 25%CI: 28-42) patients had sterile leukocyturia in at leqst one urine
specimen. Eight of 23 (35%, 95%Cl: 146-54) incident indinavir users presented with sterile
leukocyturia with a six-menth cumulative hazard of 0.31 (95%CI: 0.20-0.34). The prevclence
of erystaliuria was highest at the start of the monitoring program (Figure 1), Ervthrocyturia
and urological symptoms were constant gt a prevalence of approximately 10% of patients
every three months. We did not observe any seasonal variation in the prevalence of
symptoms.

Crosssectional analysis of the first assessment of prevalent indinavir users showed
that sterile leukocyturia (n=19, 20%) was associated with erythrocytura (p=0.043) and mild
albumin loss [p=0.008) but not with crystalluria (p=0.393} or urclogical symptoms {p=0.9C5)

(Figure 2). Presence of leukocyturia coincided with greater increases in serum creatinine
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Figure 1 Urine abnormalities and urological symptoms during
follow-up over calendar time

from boseline (p=0.008). Leukocyturia was the least prevalent (4%) among patienis using
indingvir 400 mg with rfonavir 400 mg bid (n=25). whereas the prevalence during other
indinavir regimens (800 mg tid, n=8%; 800 mg with 100 mg rtenavir bid, n=30; other, n=146)
ranged from 20% to 30%. Urinary pH did not differ between samples with and without
leukocyturia [p=0.740].

Persistent sterile leukocyturia

A total of 134 patients provided two or more urine samples during use of indinavir and
thereby defined the subpopulation for the assessment of abnomalities associated with
sterile levkocyturia and with persistent sterile leukocyturia {persistent leukocyturia). Reasons
for not having two urine samples were omitting sampling during outpatient clinic visits
{n=20). discontinuation of indinavir [n=14), lote study entrance {n=8} and lost to follow-up
(n=8). Apart from an underrepresentation of incident indinavir users (9% vs 22%) and
patients with CDC-C stage of HiV-infection (35% vs 58%) In those with two or more visits
versus those with one visit, both groups did not differ.

During follow-up 56 (42%, 95%Cl:34-50) patients with two or more visits ever
presented with sterle leukocyturia. Persistent sterile levkocyturia was abserved in 32 (24%,
95%Cl: 17-31) patients, 10 (31%) of whom were newly identified (ie. leukocyturia was absent
at cohort eniry) during follow-up. Leukocyte differenfiation {n=8) showed that leukocyiuria

consisted predominantly of neutrophils {(76%) and a small proportion of ecsinophils (3%).
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Figure 2 Urine abnormalifies associated with leukocyturia (n=19) in a cross-sectionat
analysis of the first Lrine assessment among prevalent users of indinavir (n=141).
Smaill bars indicate standard ermrors.

Thirteen (41%) of 32 patients with persistent leukocyturia also presented with symptoms of
nephrolithiasis (n=8) or other urclogical symptoms [n=3). which was not significantly different
from patients without persistent leukecyturic (RR=1.5, 95%CHE 0.7-3.1}). Three patients
discenfinued indinavir because of urclogical symptoms.

Risk factors for persistent leukocyfuria

As potential risk factors for persistent leukocyturia we ideniified high plosma indingavir
concentraticns as well as urine pH and crystalluria [Table 2). The median plasma indinavir
concentfration one hour affer indinavir ingestion was 7.3 {IQR: 4.2-9.6, n=%0). Patients with
concenfrations above 9 mg/L had a 2.6-fold increased risk for persistent leukocyturia
compared to patients with concentrations lower than or equal fo ¢ mg/L. Pafients with an
average urne pH value cbove the cohort median of 5.7 (IQR: 5.3-6.1) had a 3.1-fold
Increased risk for persistent leukocyturic and patients with crystalluria [n=39, 29%) had o 2.4-
fold increased risk (Table 2}. These factors remained independent predictors upon
multivariate analysis modelling.

Age, gender, lean body mass, CBC-C stage of MIv-infection, hepatitis C infection,
the use of concomitant co-timoxazole, prevalent indinavir use at cohort enfry, fime on
indinavir af cohort enfry, CD4 cell count and HIV-1 RNA and were not associated with
persistent leukocyturia.
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Table 2 Potentfial risk factors for persistent sterle ieukocyturic among patients who had of least two
assessrments in the indinavir nephrotoxicity monitoring pregram (n=134)

N (%} / RR (95% Cl
Parameter Median (IQR) Linivariate Muitivariate#
Median plasma indingvir
concentration (mg/L)¥ 73 (IQR:4.2-9.4) 1.1 [0.98-1.2}
>5mg/lvs<6mg/L 55 [60) 1.4 0.6-3.4}
>7mg/lvs <7 mg/lL 50 (55) 1.8 {0.7-4.3}
> 8 mg/Lvs <8 mg/L 41 (45) 2.1 {0.9-5.1}
>9mg/Lvs <9 mg/L 29 (32 246 1.1-5.%} 2.3 (1.01-5.5)
Udne pH = 57 vs <57 mg/La 66 (491 3.1 (1.4-6.9) 3.4 (1.3-8.7)
Indinavir crystalluria vs ne crystalluria 3% (29 2.4 {1.2-4.9) 2.3 {0.99-5.5)

QR* inter guartile range; RR= relative risk; Cl= confidence interval;
caoleulated by means of Cox-regression analysis with a fixed follow-up time

# plasma indinavir concentration above or below ¢ mg/L, urine pH and crystalluria included inte the
model

¥  moximum value measured af one hour affer ingestion (n=90)

+ mean dipstick pH value per patient over all assessments during follow-up (median= 5.7)

The one patient with persistent leukocyturia who switched te 400 mg indinavir with 400 mg
ritonavir twice dally and five of six patients who stopped indinavir experienced resolution of
leukocyturia within three months. Persistent leukocyturia did not resolve in the four patients

who switched to 800 mg indinavir with 100 mg indinavir,

Renal function in pafients with persistent levkocyturia

Patients with persistent leukocyturia showed o stafistically significant increase in serum
creatinine during follow-up cempared 1o pafients without persistent leukocyturia (Figure 3,
p=0.027]. The creatinine clecrance rate reduced accordingly. A quarter (26%) of patients
with persistent leukocyturia had an increase of more than 45 umol/L in serum crectinine
since the start of indinavir range: 47 to 76 umol/L). Creatining concentrations did not differ
between patients with or without urological symptoms and men or women. Serum
creafinine concentrations did not normalise within three months after disconfinuation of

indinavir.

Discussion

In this prospective cohort study of patients on indinavir we observed ¢ high rate of
levkocyturia associated with mild albuminuria, indinavir crystalluria and micro-hematuria.
Persistent leukocyturia as represented by persistent presence of leukocyturia, was observed
in almost 25% of patients, most of whom were prevalent users of indinavir af the start of our

monitoring program. Even though persistent leukocyturia remained sub-clinical, it was
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Figure 3 Course of mean serum creatinine [s-crectinine) and mean creatinine clearance during
indinavir (IDV] freatment (n=134) for patients with [n=32, square marks) and patients
without (friangle marks) persistent sterile leukocyturia. Bars represent 95%-confidence
intervals. IDV= indinqvir

accompanied by ¢ gradual loss of renal function. an observation, which has been
described before (17).

As with urological symploms, persistent leukocyturic was associated with high

indinavir plasma concentrations (23). The risk of persistent leukocyturia was increased at
plasma concentrations of 9 mg/L or higher at one hour after indinavir ingestion. it was our
aim to estimate the maximum plasma concentration {Cmax) for each patient by drawing
blood samples cnhe hour after ingesfion. it is, however, possible that we hence
underestimated the Cmax ameng patients who took rfonavir concomitantly (24-24),
especially cmong those taking 800 mg bid indinavir with 100 mg bid ritonavir.
The risk of persistent leukocyturia was also increqsed af a urine pH above 5.7, which may be
related to the poor solubility of indinavir at high pH values (5). A high uring pH might be
caused by a high pH of the glomerular filtrate In the proximal renal fubuli as can be seen
with tubular dysfunction, but it might be caused by dietary influences in the distal tubuli as
well,

We observed an association between the detection of indinavir crystalluria and
persistent leukocyturia, which is in ine with the assumption that indinavir crystals are part of
the patho-physiclogical mechanism underlying leukocyturia (1, 2, 17, 18, 27). The assessment
of indinavir crystals In urine samples should, however, be regarded with caution since
crystals might be formed in standing urine in the bladder or canister (28). Moreover, the high
prevaience of crystalluria af the start of the monitering program suggests the presence of
bias regarding assessrment of crystalluria. Overestimation of crystalluria at the beginning

might have occurred due to initial dicgnestic suspicion by laboratory technicians or by
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longer lag periods between veiding and uring anglysis in the beginning. On the other hand,
underestimation of crystalluria at the end might have occurred due to decreased alertness.

Persistent leukecyturia occumred independently of factors such as gender, hepatitis
C and concomitant use of co-frimoxazoie, which have previcusly been reported to be
associated with urological symptoms (3, 19, 29-34).

It is net known if confinued renal injury as Indicated by persistent leukocyturia will
eventuadlly lead to severe renal damage. So far, none of the patients with persistent
leukocyturia in our populalion developed severe renal failure during fellow-up. However, on
the basis of our daota we cannot exclude the risk of imeversible renal damage cfter
preionged exposure.

Since our study was based on @ monitoring program that did not apply exclusion
criteria there are several limitations. The most Impertant limitation s the low number of
incident indinavir users who were followed from the start of therapy. This implied that we
could not estimate the incidence of and lag fime for persistent leukocyturia. It also implied
the absence of baseline measurements before the start of indinavir. However, in absence of
the baseline rate of leukocyturia, the positive de-challenge after discontinuation of indinavir
at lecst pointed towards o causal relation between indinavir and leukocyturia. Since we
had many prevalent users of indinavir, there was a potential selection of patients who are
able to tolerate indinavir. Such a bias might have caused an underestimation of the actual
prevalence and effects on renal function by depletion of susceptibles.

In conclusion, we observed ¢ high prevalence of indinavir associated (persistent)
leukocyturia. Leukoeyturia was not always accompanied by urclogical symptoms, This sub-
clinical nephrotoxicity is of clinical relevance given the reduction in renal function, which we
observed, It emphasizes the need for systematic monitering of renai function during the use
of indinavir. The long-term conseguences are not known at present, but should be
monitored by regular assessment of renal function and imaging procedures. Alternatively,
there should be studies on the efficacy and effectiveness of regimens with lower indincvir

plasma concentrafions since increasing hydrafion alone moy not protect against
leukocyturia.
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Persistent sterile leukocyturia is associated
with impaired renal function in HIV-1 infected

children freated with indinavir
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Absiract

Background: Prolonged administration of indinavir is associated with the occurence of o
variety of renal complications in adults. These well documented side effects have restricted
the use of this potent protease inhibitor in children,

Design: A prospective study to monitor indinavirrelated nephrotoxicity in a cohort of 30 HIV-
1 infected children treated with indinavir.

Methods: Urinary pH, albumin, creatinine, the presence of erythrocyles, leukocytes,
bacteria, and crystais, and culture were anclyzed every 3 months for 26 weeks. Serum
creatining levels were routinely determined at the same fime points. Steady state
pharmacokinetics of indinavir were done at week 4 after the initiation of indinavir.

Resulis: The cumulative incidence of persistent sterile leukocyturia {275 cells/ul in ot least 2
consecutive visits) after 96 weeks was 53%. Persistent sterile leukocyturic was frequently
associated with ¢ mild increase in the urine albumin/creatinine ratio and by microscopic
hematuria, The cumulative incidence of serum creatinine levels more than 50% above
normal was 33% after $6 weeks. Children with persistent sterile leukocyturic more frequently
had serum creatinine levels of 50% above normal (p=0.02) than those children without
persistent sterile leukocyturda. In children younger than 5.6 years, persistent sterile
leukocyturia was significantly more frequent(p= 0.05} than in older children. A higher
cumulctive incidence of persistent leukocyturia was found in children with an AUC >19
(mg/L*h] or a peak serum level of indinavir =12 (mg/L) (p=0.05 and p=0.02, respectively). In 4
children indinavir was disconfinued because of nephrotoxicity. Subsequently, the serum
creatinine levels decreased, the urine cloumin/creatinine ratios returned to zero and the
leukocyturia discppeared within 3 months.

Conclusion: Children freated with indinavir have a high cumulative incidence of persistent
sterile leukocyturia. Children with persistent sterile leukocyturia more frequently had an
increase in serum creatinineg levels of more than 50% above normal. Younger children have
an addifional risk for renal complications. The Impairment of the renal funclion in these
children occured in the absence of clinical symptoms of nephrolithiasis. Indinavir-
associated nephrotoxicity must be monitored closely, especially in children with risk factors
such gs persistent sterile leukocyturia, age <5.6 years, an AUC of indinavir »19 {mg/L*h), and
a Cmax >12(mg/L).
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infroduction

Indinavir is ¢ potent HIV-profease inhibitor that has been used successfully in adults in
combination with nucleoside reverse franscriptase inhibitors to suppress Infections by HIV-1.
Disconfinuation of the antiretroviral therapy rapidiy results in virologic rebound, decreased
immune function, and the redevelopment of AIDS-defining illness. Thus, antirefroviral drugs
such as indinavir need o be confinued for many vecars. This necessitates a careful
surveillance for long-term toxicity of the medication.

The experience with the administration of indinavir to HIV-1-infected children has
been imited because of the absence of a pediatic formulafion and the wel-documented
side-effects of the drug on the upper and lower urinary fract in adulls. Indinavir is
metabolized by the liver, but approximately 20% of a single oral dose is excreted
unchanged in the urine. (1) PH dependent crystallization of indinavir in renal fubuli may
cause renal sympioms such as kidney stones, flank pain {even without evident stone
formation). inferstitial nephritis, elevation of the serum creatining, dysuria and asymptomatic
uring abnormalities such as hematuria, leukecyturia and crystalluria. indinavir crystais may
illicit an inflammatory response in the fubules, leading to sterile leukocyturia and renal
insufficiency. {2-7) To minimize renal side effects of indinavir, an increased fluid infake is
advised. (8)

The incidence of indinavir associafed nephreolithiasis in adults varies from 4 to 43%.
[2. 9} Renal complications {including nephrolithiasis) from indinavir are found in 0 1o 80% {10-
18) and nephrelithiasis in © to 20% (10, 12-15) of children who have been freated with this
drug.

Renal and urclogic symptoms of indinavir crystals have been comelated with the
serum levels of indinavir, (18] In children, sufficientty high area under the plasma-
concenfration curves [AUCs) for indinavir are required fo achieve frough levels (13, 17)
asscciated with an epfimat virclogic response. {18-20) The risk of nephrotoxicity in children
might therefore be higher than in adults.

In confrast to symptomatic nephrolithiasis, other renal complicafions such as
leukoeyturia, micrescoplc hematuria, and crystallura uvsually do not lead to o deckion to
discontinue indinavir, although an association between recurent severe leukocyturia and
renal damage by indinavir-induced crystalluria has been reported in adults, (6. 21)

Currently it s unknown whether and when these asymptomatic signs of renal
damage lead 1o renct complications and long-term rencl damage. This prospective study
was performed to monitor renal and urinary complications in a cohort of 30 HIV-1-infected

children freated with indinavir. We hypothesized that indinavir-related nephrotoxicity might
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occur mere frequently in children than in adulis due to the higher risk for celluiar damage fo
the still developing renal system.

Methods

In 1997 a prospective, open, uncontrolled, multicenter study was initicted to evalucte the
clinical, immunelogic and virologic response fo combination therapy consisting of indinavir,
Zidovudine, and lamivudine in HIV-1-infected children (15). Children >3 months of ¢ge ond
oneg of the foliowing 2 items: a decreased CD4+ T-cell count (<1 year: <1750/mm3, 1-2 years:
<1000/mms3, 3-6 years: <750/mm3, >4 years: <500/mm3} or a HIV-1 RNA load >5000 copies/mL
were included. The follow-up pericd was 96 weeks after the inifiation of indinavir. Two years
after the initiation of this mulficenter study o separate study was started in one of the
participating centers to analyze additional urinalysis parameters with a follow-up period of
96 weeks.

The Ethics Committee of the University Hospital Rotterdam approved the study.
Patients and their carefakers provided written informed consent.

Laboratory parameters

The roufinely analyzed laboratory parameters of the children included dipstick analysis
{Rapignost® total screen [, Behring Diagnostics Inc. Westwood, USA] for urinary pH {at urine
pH values below 5 solubility of indinavir increases [22}), erythrocytes, leukocytes and
bacteria at baseline (before the use of indinavir) and every three months thereafter. Routine
biochemistry tests included serum creatining. Steady state pharmacckinetics of indinavir
{400 mg/m2 every & hours) were determined at week 4 after the inifiafion of indinavir. This
procedure was repeated when ¢ dosage adjustment of indinavir was necessary to
normalize the area under the curve-concentration (AUC) curve to adult values (20 mg/L*h,
range 10-30 mg/L*h}. (17)

Demographic parameters, indinavir start date ond stop dafe, indinavir dosing
regimens, urinary fract symptoms, concomitant freatment, HIV-1 RNA, and CD4+ T-cell
counts were recorded on structured data collection forms. Nephrolithiasis related symptoms
included renal colic, flank pain, the passing of a stone, and gross hematuria.

Additional lacboratory tests were performed in children included in cne center, frem
March 1999 onwards. Urinary pH was measured by means of calibrated elecfrode
technigue. Wine clbumin and creatfinine were measured to calculate the albumin fo

creatinineg ratio as an indicator of renal damage. Urine fight microscopy for presence of
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indinavir crystals under a polarized filter was perfomed and uring culfures were performed in
patients with a positive dipstick test or microscopy for bacteria.

Sterile leukocyturia is considered to be caused by domage of renal tubuli
Therefore we considered this the principal endpeint this study. Leukocyturia was defined by
the presence of a dipstick test with more than 75 cells/uL. Persistent sterile leukocyturia was
present when leukocyturia with negative urine culiures was found at at least tweo
consecutive visits, after the start of indinavir. In children with more than 150 leukocytes/ulat

at least fwo visits and a negative urine culfure a renal ulirasound was performed.

Analysis

Cumulafive incidences of persistent leukocyturia and serum creatinine mere than 50%
above age and sex specific normal values (23) were calculated with Kaplan-Meier analysis.
The influences of phamacokinetic factors were determined with the logrank test. The
relation between the occurrence of persistent leukocyturia and an increcsed creatinine
and between persistent leukocyturia and nephrolithicsis related symptoms were analyzed
using the Fisher's exact fest. In order to describe urine abnormailties associated with
leukocyturia, we performed a crosssectional andlysis 12 weeks affer the start of the
measurement of the additional urinalysis.

Resulis

Thirty HIV-1-infected children were enrolied between April 1997 and April 2000. Fiffteen
children were avdailable for additional analyses between March 1999 and March 2001. The
cther 15 children were not avallable for additional analyses for various reasens: enroliment in
a center different from that where the additional analyses were performed (n=8),
discenfinuation of indinavir (n=6: 5 children because of virclogical failure and one because
of nephrotoxicity) and age > 18 years {n=1). Baseline characteristics of the children are
presented in Table 1.

A good clinical, immunolegic and virclogic response was observed in all children
who were treated with indinavir. Most of the children needed 400 mg/m? of indinavir every 8
nours to obtain an AUC of indinavir between 10 and 30 mg/L*h. The median {IQR) AUC was
19 {14-28} mg/L*nh with @ median (IQR) peck level of 9 [6-12}) mg/L. Baseline and follow-up
serum creatinine and urinalysis data were available from 30 children in whom indinavir was
initicted.
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Table 1 Patient Characteristics

Characteristic
Age ly} Median frange} 5.6 (2.4-9.9}
Male N %) i5 {50)
Body mass index (kg/m?3) Median (IQR) 16 (14-17)
HIV-1 RNA (copies/mL} Median (IQR) 127,500 {18,400-661,000)
CD4 cells [cells/ul) Median (IGR) 610 {230-880)
Indinavir regimen 400 mg/m? tid N (%) 3 (27)

500 mg/m? tid N (%} 11 {37}

600 mg/m? tid N (%) 7 (23)

2700 mg/m? #id N (%) 4 (13}

500/100 mg/m? big* N (%)
Serum creatinine (umol/L} median (IGR) 24 (19-38)
Urine leukocytes > 75 cells/uzL

erythrocytes > 60 ceiis/ub N (%) 0 o}

* indinavir/ritonavir; IQR= inferquartile range

The cumuiafive incidence of persistent sterile leukocyturia (22 fimes 275 ceils/microfiter)
Eleven out of thirty (37%) chiidren developed persistent sterile leukocyturia (two times or
more =75 leukocytes/ul). The cumulative incidence after 96 weeks was 53% with ¢ mean
fime to leuvkocyiuria of 74 weeks (95% confidence inferval: 61-87 weeks) of combination
therapy confaining indinavir (Figure 1A).

The influence of age and sex on the cumulctive incidence of persistent sterile
leukocyturia was determined. Children were divided into two groups: younger and older
than the median age of 5.6 years. Figure 1B shows that children younger than 5.6 years had
a significantly higher cumulative incidence of persistent sterile leukecyturia than children
clder than 5.6 years (p=0.05). Sex did not influence the incidence of leukocyturia.

The cumulative incidence of a change of serum creatinine more than 50% above age and
sex specific normal values

Six (20%) of 30 children had a change of serum crectinine more than 50% above cge and
sex specific normal values. The cumulative incidence after 96 weeks was 33% with a mean
fime to creatfinine increase of 90 weeks (95% confidence interval: 82-98 weeks) of

combination therapy containing indinavir. (Figure 1C})

Relation between persistent sterile leukocytyuric and an increase of serum crealinine

One (5%} of the 19 children without persistent sterile leukocyturia had a chonge In serum
creatinine more than 50% above age and sex specific normal values, whereas 5 (45%) of 11
children with persistent sterile leukocyturia had a change in serum creatining more than 50%
above age and sex specific nermal values {p=0.02). The median {IQR) time to o creatinine

increase ameng patients with leukocyiuria was 24 (0-48) weeks.
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Relation between persistent sterile leukocytura and pharmacokinetic parameters

Children with an AUCps of indinavir higher than the median AUC of 19 {mg/L*h) had a
significantly higher cumulative incidence of persistent sterile leukocyturia compared with
those with an AUC <79 (mg/L*h) (p=0.05). After 96 weeks 8 (67%) of the 12 children with an
AUC>19 (mg/L*h) had persistent sterile leukocyturia, in confrast with 2 (13%) of 16 of the
children with an AUC<19 [mg/L*n}. The cumulative incidences were 79% and 19%,
respectively ofter 96 weeks. (Figure 1D} Having @ moaximum concentrafion [Cmax) of
indinavir of 12 (mg/L) was significantly (p=0.02) associated with the presence of persistent
sterile leukocyturic. (Figure 1E). Five of the 21 [24%) children with a Cmax <12 {mg/L) had
persistent sterile leukocyturia, whereas in 5 of 7 (71%) children with a Cmax 212 (mg/L) this
abnormality was observed. No relaticn was found between Cmin and the presence of
persistent sterile leukocyturia, between age and AUC of indinavir and between age and
Cmax.

Relation between persistent sterile leukocyturia and nephroiithiasis reiated symptoms

Four {19%) of the 21 children without persistent sterile leukocyturia presented with urological
symptoms, whereas 7 {78%) of 9 chidren with persistent sterie leukocyturia had symptoms
during the follow-up time [p=0.0C3).

Hematuria

Persistent hematuria [22x 240 cells/pL) was not detected in any child.

In addition fo the standard ancalyses performed in the 30 children, urine creatinine, uring
alburmin, quantitative pH mecsurements and crystaliuria were analysed in 15 children. At the
time of the start of the additional analyses, these children were using indinavir for a median
of 75 weeks (interquartile range (IQR}: 8-77 weeks).

A cross-sectional anclysis af week 12 ofter the start of the inifiation of additional
analysis showed that in these children (median time on indinavir (IQR): 87 (20-89) weeks) 33%
of the pctients had a change of serum creatinine more than 50% above age and sex
specific normal values. In four of these 5 patients an albumin/creatinine ratio = 3.5 g/mmaol
was observed. In two of these patients indinavir was discontinued because of nephrolithicsis
on renal ultrasound.

Fourty-three% of the patients had levkocyturia, 21% had microscopic hematuric,
54% had crystalluric and 29% had an albumin/creatfinine rafio = 3.5 g/mrnol. Uring culfures
were all negative for bacteria.
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Figure 2 Urinary abnormalities gssociated with leukocyturia (cross-
sectional week 12} in 15 children included in cohort B

In Figure 2 urine albnormalities associated with leukocyturia af week 12 are presenfed. An
increase of serum creatfinine levels of more than 50% above age and sex specific normai
values, an calbumin/creatinine rafio = 3.5 g/mmol and hematuria were observed more
frequently in children with leukocyturic. The medicon (IQR) albumin/crectinine ratio of
children with and without persistent leukocyturia was 0.7 (0.6-2.5) and 2.8 (1.2-10.6)
respectively. In contfrast indinavir crystalluria was not detected more frequently in children
with leukocyturia. The presence of symptoms, urinary pH>5, and the presence of crystalluria

were not associated with persistent sterile leukocyturia,

Symptoms of nephrotoxicity affer discontinuation of indinavir because of nephrotoxicity

In 40f the 15 children indinavir was discontinued because of nephrotoxic symptoms (n=2} or
nephrolithiasis on renal ultrascund (n=2}. In these children serum creatinine [umol/l) levels
decreased from ¢ median (IQR) of 54 (49-75} at the last observation during the use of
indinavir to 39 (2842) 12 weeks after discontinuation of indinavir [p=0.07). The
aibumin/creatinine rafic decreased from 16 (8-44) fo 0.7 {0.4-2.1) g/mmai  [p=0.07).
Leukocyturic discppeared within 3 months after the discontinuation of indinavir. Figure 3
shows the serum creatinine levels and the albumin/creatining ratios of the four children that

discontinued indinavir because of nephrofoxicity. Urine aloumin/creatining ratio increases
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Figure 3 Urine albumin/creatinine rafio (g/mmol] and creatinine levels {umol/l)
during the use of indingvir and afer discontfinuation of indinavir in 4
children,

preceded serum creglining increases and may therefore be an early marker of renal
impairment.

In three other children that discontinued indinavir for other reaseons (virologic failure,
n=2, and because of the poor taste of indinavir, n=1} serum credfinine levels did not
decreqse, whereas the albumin/creatinineg ratio showed a decrease from 3.94 (0.51-11.2) to
0 g/mmocl (p=0.10}.

Discussion

We here present the first study fo menitor nephrotoxicity in HIV-1 infected children with o
prelonged freatment with indinavir. wWe hypothesized that indinavir related nephrotoxicity
might occur more frequently in children than in acults due fo the higher risk for cellular
damage to the siill developing renatl system.

In our study o cumulative incidence of persistent sterile leukocyturia [(22x =z 75
cells/ful) of 53% was observed cfter 96 weeks. This persistent sterile leukocyturia was
frequently accompanied by ¢ mild increase of the urine albumin/crecatining ratic and
microscopic hematuria. The cumulative incidence of an increase in serum creafining levels
more than 50% above norma was 35% after 96 weeks, Chidren with persistent sterile

leukocyturia more frequently had an increase of serum creatinine levels of more than 30%
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above normal (p=0.02). This suggests that persistent sterile leukocyturia s an early indication
for the development of rendal damage.

Recently Gagnon et al. feund a significant reduction in the renal function of 3
adulfs with recurrent severe leukocyturia. Our data confirm the observations in adults of
Gagnen et al., that reduction of renal function s associoted with recurrent severe
leukocyturia, but not with isclated hematuria or crystalluria. (21) Renal damage resulting in
leukoeyturia and an increased creatinine may be a result of Imitation of the tubular
epithelium. This is supported by the pathologic finding of tubulointerstitial neghritis in patients
on therapy with indinavir, (4, 24, 25)

The prevalence of persistent leuvkocyturia in adults screened on the same
nephrotoxicity menitoring program was 22% (personal  communication), which s
substantially lower than we observed in children. One might hypothesize that indinavir
crystals more easily congest in the small fubuli of young children which may tead to a higher
incidence of nephrolithiasis. The more frequent presence of persistent sterile leukocyturia in
younger children confirms this observation. However, nephrolithiasis was only diagnosed by
renal ultrasound in two asymptomatic children with persistent sterile leukocyturia (24}, Renal
ultirasounds of the other children with persistent leukocyturia showed no nephrolithiasis. Since
it is well documented that the occumrence of indinavir nephrolithiasis increases with a poor
hydration status and high environmental temperatures (27), the Dutch climate with relatively
moderate termperatures may contribute to a lower incidence of nephrolithiasis in cur
patients. Persistent leukocyturia might have been prevented by an increased fluid intake.
Since it is mere difficult to achieve a large fluid intake in young children, a relatively smali
fluid intake in younger children may be the couse of the more frequent occurrence of
persistent sterile leukocyturia in children younger than 5.6 years [cumulative incidence after
96 weeks: 78%).

we did not observe an association between indinavir crystaliuria and leukocyturia.
Since indinavir crystais can develop in the urine canister (28), it is possible that crystalluria
reflects the ime lapse between urine collection and urinalysis.

We observed a higher cumulatfive incidence of persistent leukocyturia in children
with an AUCes of indinavir of >19 {mg/L*h] and in children with a peak level of indinavir
higher than 12 {mg/L). This is in accordance with previous publications on the relation
between levels of indinavir and urological complications in adults. An AUC of indinavir less
than 20 [mg/L*h) is associated with virological failure {17). This observation complicates the
freatment of HIV-l-infected children with indinavir: fo achieve optimal virologic suppression
an AUC higher than 20 (mg/L*h) is required, but to aveid persisient leukocyturia an AUC less
than 12 [mg/L*h) is needed.
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These observations suggest that indinavir may be less useful in the treatment of HIV-
l-infected children. Howsver, Indinavir is a very potent protease Inhibiter which in
combination with nucleoside analogues gives an excelient long-ferm clinical, virologic and
immunologic respeonse in adults and in children. {15, 29, 30) We therefore propose to monitor
nephrotoxicity very closely in children freated with indinavir and change therapy only in the
case of overt signs of renal impairment. In this respect it is reassuring that the signs of renal
impairment are reversible after discontinuation of indinavir. Serum creatinine levels
decreased in the 4 children with signs of nephrotoxicity who discentinued indinavir. The urine
albumin/creatinine ratio returned to zero in all patients. If still remains unclear whether renal
impaiment is reversible in all stages of damage or that a chronic renal insufficiency will
develop above a crifical level of cellular damage.

Conclusion

Prolonged therapy with indinovir is associated with o high risk for persistent sterile
leuvkocyturia in children especially in those younger than 5.6 years. The presence of sterile
leukocyturia is associated with a significant increase in serum creatinine levels. A high AUC
(=19 [mg/L*h)) and high peak levels {12 (mg/L}) of indinavir are associated with the
cccurrence of leukecyturia. Therapeutic drug monitering of indinavir serum levels s
therefore essential to estimate the risk of nephrotoxicity. Children with risk facters for the
development of nephrofoxicity such as an age <5.6 years, AUC of indinavir > 19 (mg/L*h)},
Cmax >12 [mg/t)} should be monitored routinely by means of urinalysis and analysis of
serym crecatinine levels.
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Chopfer 3.7

Absiract

Many patients who are using HIV-protease inhibitors, gradually develop generclized
lipodystrophy. The observed syndrome can be defined by peripheral fat wasting, central
fat accumulation, hyperlipidaemic and insulin resistance. Typically the subcutaneous fatty
fissue disappears resulfing in prominent zygomata, veins and muscles and thinning of
exiremities and buttocks. In contrast, patienfs may accumulate visceral fatf, resulting in
abdominal complaints and abdominal  distensicn. In oddifion to obdominal fot
accumulation, there have been reports on the occurrence of a dorse-cervical fat pad, the
so called buffalo hump. To date it is not clear whether this effect is part of the central fat
accumulation seen with lipodystrophy an whether it is associated with exposure to a HIV-
protedse inhibitor. The pathogenesis and prognesis of lipodystrophy and buffalo hump are
stitl unknown. Recognition is essential for adequate follow-up and possible treatment. In this
paper we present three patients with typical signs of lipedystrophy with and without buffalo
hump.
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infreduction

The Infrocduction of the HiV-protease inhibitors, saguinavir, indinavir en ritonavir, preluced a
new era for the treatment of HIV-infection. In combination with two reverse transcriptase
inhibitors HIV-protease inhibiters can induce a strong reduction in plasma HIV-RNA and an
increase in the number of CD4 cells (1-5). The new developments caused a reduction in
AlDS-related morbidity and mortality {6-%). Knowledge regarding the long-term effectiveness
and the adverse effects was, however, scanty. Since the registration of HIV-protease
inhibitors in 1994 o number of new adverse effects have been observed, inciuding HIV-
protease Inhibitor asscciated diabetes mellitus and increased risk of haemomrhages for
haemophiliacs (10, 11),

Recently it was noted that many patients freated with HIV-protease inhigcitors
develop an abnormal fat distribution, refered to as lipodystrophy {12-14). The peripheral
(subcutaneous) fat disappears leading to thinning of the extremities and buttocks and
prominence of zygoma and vascular drawing without muscle weckness or significant
welght loss. As a result the patient acquires a pseudo-cachexic appearance. On the other
hand, central (visceral] fat accumulates as shown by Dual Energy X—ay Absorptiometry
{DEXA) and Computer Tomography-scanning (CT) (13). The overall body fat mass hardly
changes. in addition, a doso-cervical fat pad, or “buffalc hump™ and hypertrophy of the
breasts may occur (15, 16}. The “buffalo hump” might, however, be a separate
phenomenon as it is observed among HIV-patients who are net using HIV-protease inhibitors
(17).

The dramatic bedy shope changes may have significant  psychosocial
consequences for patients and negatively affect adherence. with the below case histories
and images we would like to draw gitention to the clinical picture of this suspected adverse
effect of HIV-protease inhibitors.

Patfient 1

The first case concerned a 3é6-year old homosexual man, known with HIV-infection since
1992 and known with AIDS based on Pneumocystis carini pneumonia. Af the end of 1996,
fiple therapy with stavudine (D47, 40 mg bid), didanosine (ddl, 400 mg qd) and ritonavir
(600 mg bid) was instigated. During freatment, the potient complgined of diarhcea
especially after food consumpiion, abdominal pain and occasionally abdominal distension,
which was attributed to dd! intake. During ¢ regular ciinic visit approximately one year and
a half after starting triple therapy. a recenfly developed change in oppeadrance was noted,
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comprising prominent zygorma. apparent muscle and vascularity on the exiremities and
abdomen due to generclised subcutanecus fat loss, in absence of overlly increased
abdominal girth [figure 1). Based on these signs a diagnosis of lipodystrophy was made.
Weight had decreased from 74 kg pricr to starfing friple therapy to 70 kg, of which
the largest part happened during the past three months. During freatment serum
tiglycerides had been elevated (1.93 fo 584 mmol/L, normal 0.5-1.7 mmel/L) with a
maximum of 9.9 mmol/L ene month prior fo dicgnosing lipodystrophy. Serum cholesterol was
slightly elevated (6.7 mmol/L, normal < 6.5 mmol/L}. During treatment serum glucose
dropped regularly {3.4 mmol/l). whereas plasma C-peptide was elevated (2.10 nmol/L,
ncrmal 0.22-0.83 nmol/L) at the last assessment, consistent with insulin resistance. There were
no abnormalities of plasma cortisol, steroid hormeone binding glebulin, luteinizing hormone,
follicle-stimulating hormene, estradiol, testosterone and free testosterone at the moment of
establishing the diagnosis lipodystrophy. The CD4 cell count increased from 220/mm? pricr to
therapy fo 710/mm? one year and a half later. The viral load at these moments was 66,000
coples/mL and less than 80 copies/mL (NASBA-Nuclisens Organon) respectively. The patient
did not experience cny HIVrelated events during freatment and freatment was not
modified. Upon patient request, freatment with nandroione (200 mg intramusculary/2
weeks) was started in April 1998. By September 1998 weight had increased to 74.5 kg. but,
despite a shight improvement of the facial symptoms, prominent nasclabial folds persisted.

Patient 2

The second case concerned a 35-year old woman, known to be HIV-nfected since 1987,
who confracted HV  through heterosexual contact.  HiV-infection  progressed
asymptomafically and freatment with o combination of D4T (40 mg Eid), 3TC (150 mg bid)
and indinavir (800 mg tid) was started in January 1997. In April 1998, 15 months after the start
of this tfreatment presence of a “buffalo hump" was noted during a routing clinic visit [Figure
2).

Thinned exiremities, increased abdominal girth and prominent zygoma were
cobserved as well on the basis of which the diagnosis lipodystrophy was made. In refrospect,
stgns starfed to develop approximately nine manths after freatment insfigation. Weight
increased from &4.6 kg to 67.4 kg during frectment. The CD4 cell count increased from
220/mm® to 370/mm? and plasma HiV-RNA declined from 111,000 copies/mL 1o below 500
copigs/mL {Amplicor HIV-1 monitor, Roche, Basel) within seven months. Plasma triglycerides
appeared to be elevated (7.08 mmol/L, normal < 2.0 mmol/L} and serum HDL-cholestercl

were reduced [0.74 mmol/L, normal > 1.1 mmel/l). Secondary diabefes mellifus was
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diagnosed (gluccse 151 mmol/t). Cortisol levels had not been determined. During
tfreatment HIVrelated events were not encountered. One month offer diagnosing
lipodysirophy, indinavir was repiaced by nevirapine, a non-nucleoside reverse franscriptase
inhibitor, four months after which facial symptems had improved but not disappeared. High
serum Triglycerides [3.87 mmol/Ll) and low HDL persisted (1.35 mmol/L) and high serum
cholesterol wos measured (6.7 mmol/l. normal £ 50 mmol/l), whereas glucose
concentrations had normalised.

Figure 1 Prominent vascular drawing, typical for lipedystrephy during HIV-gprotease inhibitor freatment

denacerviczle vetophomag

Figure 2 “Buffalo hump" during long-term use of an HiV-protease inhibitor
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Patient 3

The third case concerned a 59-year old weman with a known heterosexually transmitted
HIv-infection since 198% which had progressed fo AIDS because of wasting (CD4 cell count
of less than 10 cells/mm?). She was treafed with sagquinavir (600 mg tid), AZT (100 mg fid) and
ddl (125 mg bid] from May 1996 until April 1997 and subsequently with DAT {40 mg bid), 3TC
{150 mg bid) and indinavir {800 mg fid). During the latter regimen plasma HIV-RNA dropped
below 500 copies/mL [Amplicor HIV-1 moniter, Roche, Basel) and CD4 cells rose to ¢
maximum of 20/mm?. Weight inificlly increased from é4 kg fo 66 kg, but subsequently
dropped to 62 kg. Because of abdominal pain, diarhoea, nausea and vomiting, urclogical
symptoms coinciding with elevated plasma indinavir concentrations, indinavir dosing was
reduced to 600 mg tid. In April 1998, "buffalo hump™ with concomitant thinned exiremities
ond a stongly increased abdominal gith were ncted upon which the diagnosis
Inodystrophy was made (figure 3). According o the patients’ account these body shape
changes dready existed for some time. Durng riple therapy no abnormgalities N serum
glucose were observed. Indinavir was repiaced by nevirapine but improvement of the
lipodystrophy syndrome has not been recorded fo date.

Figure 3 Central adipositas during the use of an HIV-protease inhibitor.
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Discussion

Notwithstanding the uncertainties regarding the pathogenesis of lipodysirophy, there is little
doubt about a causal relation with the cument anfiretroviral freatment, which typically
containg an HiV-protease inhibitor. This is supported by the high prevalence of this otherwise
rare condition among wsers of HiV-protease inhibitors, indinavir, saquinavir and rifonavir (14).
Little is known about the risk of lipodystrophy during use of the newest HIV-protease inhibitor,
nelfinavir. It Is unclear as to whether lipedysirophy is caused by HIV-protease inhibitors
directly or by an inferaction with other facters.

An associaiion between lipodystrophy and CD4 cell count, plasma HIV-RNA load,
family history of diabetes meliitus, liver function disturlxances, serum cortisol, testosieron, sex-
hormone binding globuline, prolactine, C3 and TNF-a was denied (12, 14, 15}. Similarly 10 the
above case histories, there was, however, an association with triglvcerides (elevated), insulin
[elevated), insulin resistance, C-pepiide (elevated] and with the duration of HIV-protease
inhibitor containing treatment (14). So far, it s not known if HIV-protease inhibitor
disconfinuation or replacement by a non-nuclecside anclogue reverse transcriptase
inhibitor has a favourable effect on the course of lipedystrophy. Some patients attempt fo
improve their appearance by using anabolic steroids, but the effect of such interventions is
uncertain, Adeguate freatment strategies for lipodystrophy remain to be determined.

As hyperlipidemic, abdominal cdipositas and diabetes mellitus predispose to
premature development of cardiovascular diseases, pafients with lipodystrophy probably
are at an increased risk for these conditions (18, 19). Treated HIV-infected patients with
cardiovascular diseases have already been described (20-24). Assessment of serum lipids
and glucose, therefore, is useful and may fociiitate eary interventfion. it is possible and
recormmended to freat hyperlipidemia as is customary with other pafients (25). Other
complications, which might cccur in association with lipodystrophy are osteoporosis and
liver stectosis (26, 27}.

A possible explanation for lipedystrophy might be o recently recognised homology
between HIV-protease and cytoplasmatic retincic-acid binding protein type 1 (CRABP-1) en
[poprotein-receptorrelated protein {LRP) (28). HIV-protease inhibitors could potentially bind
to these proteins and hence stimulate apcoptesis of periphercl adipocytes and disturb
friglyceride uptcke leading to an excess of circulating friglycerides. Triglycerides are
subseguently stored in cenfral adipocytes (infra-abdominal, dorso-cervical and mammae)
leading fo insulin resistance with secondary diabetes mellitus type 2. Another in vifro study,
on the other hand. suggested that HIV-protease inhibitors do in fact stimulate adipogenesis
(29).
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The number of patienfs developing abnormalities of the lipid metabolism is
unknown, but @ small cross-sectional study observed o prevalence of 60% {13). In order to
determine the incidence, prospective research is needed. Hopefully, research on the
pathagenesis will soon provide more insight info prognosis and possible freatment sirategies.
Research on the natural course of lipodystrophy, with and without freatment modifications,
and the risks of cardiovascular diseases, liver steatosis and osteoporosis is equally important,
As children are now being treated with HIV-protease inhibitor combination therapy as well,
potential disturbances in fat metaboelism, which may manifest in ¢ different way, should ke
fraced. In order to study lipodystrophy and its complications more adequately objective
assessment tools such as serum lipid spectrum, glucose conceniralions, anthropometry and
pictures should be applied. Since relevant baseline parameters regarding body

composition are usudlly not available, prospective research is necessary.
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Risk of lipodystrophy is highest after
prolonged exposure o stavudine containing
antirefroviral freatment.

The ATHENA cohort.
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Absiract

Background: Epidemiological studies on the incidence rate of lipedysirophy among Hiv-
infected potients freated with antiretroviral agents and on risk facteors are scanty.
Cbjective:To estimate the incidence of clinically evident lipodystrophy and 1o identify risk
factors within the Dutch Hiv-infected patient population.

Methods: Al antiretroviral treatment naive patients from the nation wide ATHENA cohort in
the Netherlands were included upon starting antiretroviral freatment and followed until a
clinical diagnosis of lipodystrophy, death or end of study period (Becember 2000).
Cumulative exposure fo individugl anfiretroviral cgents and their combinations,
immunological and virclogical response and body mass index {BMI) were calculated.
Resulis: 1952 patients were included of whom 241 developed lipodystrophy. The incidence
rate of lipodysirophy was 6.2 per 100 person years with a fouryear cumulative incidence of
25%. Qlder age, female gender, higher BM! and superior immunological and virolegical
response were associated with an increased risk of lipodystrophy. Patients who had used
stavuding had the highest risk of lipodysirophy. Indinavir was idenfifled as a risk factor as
well, but appecred to play a minor rele compared to stavudine. The lowest risk was
observed with zidovudine/lamivudine regimens especially if combined with nevirapine.
Conclusion Anfiretroviral tfreatment including stavudine, treatment resporse, age and
female gender are associated with an increased risk of lipodystrophy. To reduce the risk of
linodystrophy, regimens with zidevudine and lamivudine may be preferred.
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Infroduction

The lipodystrophy syndrome is a widely recognized cdverse effect of antiretroviral freatment
(1-3), although consensus on an adegquate definition of the syndrome has not been reached
vet. It is generally accepled that the lipodystrophy syndrome comprises changes in body fat
distriibution consisting of subcutaneous fat loss with or without central fat accumulation (1. 4,
5). These phenctypic changes are ofien accompanied by hyperlipidemia and disturbances
in glucose metabolism {4). The patho-physiological processes underlying these signs and
symptoms, however, are incompletely understood.

Previous studies and case reporfs have alributed the lipodystrophy syndrome 10
HIV-protease inhibitors clone (in parficular indinavir) (3, 4, 7-16), to nucleoside analogue
reverse transcriptase inhibitors  (stavudine in particular) (8, 16-19) and fo immune
reconstitution and metabolic stress relieve effects {19, 20). Most of the studies, however, had
important imitations because of either cross-sectional designs cr small patient numbers not
allowing adeguate analysis of individual antiretroviral agents and specific combinations of
antiretroviral agents. High prevalences (10-80%j) (8. 12, 21, 22), potential cardic-vascular risks
(23) and uncertainty about the reversibility of the syndrome prompt further research into the
patho-physiclogical pathway and risk factors {24, 25).

In the present study we examined risk factors for the lipodystrophy syndrome in the
anfiretroviral treatment naive subset of the ATHENA cohort, with particular emphasis on

individual anfiretroviral agents and combinations of antiretroviral agents.

Patients and methods

Setting
The present study was performed in the ATHENA cohert of freated HIV-infected patients in
the Netherands. Patients were included in the ATHENA cohort if thelr treatment at least
included an HiV-protease inhibitor, a non-nucleoside reverse transcriptase inhibiter or one of
the newer nuclecside analogue reverse transcriptase inhibitors such as iamivudine and
stavudine, and gave written informed consent. All 22 Dutch hospitals providing treatment to
HIV-nfected patients parficipate in the ATHENA project, which effectively started in May
1998. At the time of this analysis 3377 patients had entered the ATHENA cohoert representing
about 75% of the estimated freated HiV-infected patient population in the Netherlands,
Patients are followed at approximately three-monthly intervals (26). Data for the
ATHENA project are collected from the medicel records on standardised forms by frained
research nurses and treating physicians. This is done retrospectively for the period prior 1o

109



Chapter 3.2

consent and prospectively thereafter and continues to date. The resulting database
confains informaticn on gender. age, route of HIV-fransmission, height and weight. $tart and
stop dotes as well as dose frequency of any anfirefroviral medication and prophylactic
freatment against opportunistic infections, reasons for stopping such freatments, date of
onset and resolution of HiVrelated diseases. CD4-cell counts, plasma HIV-1 RNA Joad and
abnormal laboratory values are all recorded in a standardised manner. Information on
adverse eventls in the ATHENA dafabase comprises all events, which lead to a change in
antiretroviral treatment and o number of prespecified adverse events, among which
fipodystrophy. No distinction, however, is made regarding the presence of fat accumulation
and/or lipoafrophy. In addition. physicians are requested to report cll remarkable clinical
events and laboratory abnormalities. Cn site data monitoring takes place ot regular
intervals on 10% of complefed study forms. In addition, central data verification through
automcted database consistency checks is performed, the resuliing queries of which are
resolved by local research nurses and physicians. For the present analysis, we used data,
which had kbeen monifered and verified before December 2000, The study period lasted
from July 1, 1996 until the date of last data extraction on December 15, 2000,

Cohort definifion

For the purpose of our analysis, patients had to have used cf least one of the newly
available antirefroviral agents {ie. abacavir, adefovir, amprenavir, combivir, delavirdine,
efavirenz, indinavir, lamivudine, lopinavir, loviride, nelfinavir, nevirapine, ritgnavir, saguinavir
and stavudine) after July 1, 1994. Cohort enfry was defined as the date of first infake of cne
of these anftiretroviral agents. Patients who had used any antiretroviral agent before cohort
entry or before July 1, 1996 were excluded in order to generate a cohort of anfiretroviral
ndive pafients and imif the effect of survival bias. In addifion, we excluded all pafients for
whom freatment dates were missing, who had a diagnesis of lipodysfrophy before cohort
entry or for whom there was no follow-up available. Follow-up lasted frcm the dote of
cchort entry unfil the occurrence of lipedystrophy. last ATHENA update or death, whichever

came first.

Exposure definition

As the main risk factor for lipodystrophy, we considered the Type of anfiretroviral agents
used and cumulative exposure time to individual antfiretrovirat agents and combinations.
Since lfipodysirophy is probably not an on/off phenomenon we assumed an induction plus
latency period of more than six months and therefore accepted exposure 1o antiretroviral
agents or regimens if the cumulafive fime on a cerfain agent or regimen exceeded six

months. The analysis of antirefroviral fregtiment combinations was limited to all regimens
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Risk factors for lipodysirophy

Including zidovudine and iamivudine (AZT/3TC-based regimens), stavudine and lamivuding
{d4T/3TC-based regimens), zZidovudine and didanosine [AZT/DDl-based regimens) or
stavudine and didaneosing (d4T/DDi-based regimens).

In addifion, we examined age, gender, calculated body mass index (ka/m3),
change In weight over the last six months, baseline CD4 cell count, change in CD4 cell
count and HIV-1 RNA load as potentiat risk factors for lipodystrophy.

Ovutcome

Although there is no global consensus on the definition of the podystrophy syndrome HIV-
specialized physicians are mostly able to easily recognize the more severe syndrome, which
comprises overt loss of subcutanecus fat and/or central far accumulation irespective of
metabolic changes. Therefore, we confined the outcome to a ciinical diagnosis of
lipodystrophy as made by the treafing Vphysic:a'on. No differentfiation was made between the
various forms of lipodystraphy, such as ipoatrophy, fat accumulation or a mixed syndrome.
The date of onset of first symptoms as reported by the physicians was defined as the index
date.

Analysis

Incidence rates of lipodystrophy were cdlculated by dividing the total number of cases of
lipodysirophy by the total amount of follow-up time or by the total cumulative exposure
fime to specific antiretroviral regimens, imespective of the agenis used af diagnosis of
lipodystrophy. Ninety-five percent confidence intervals (95%Cl} were estimated assuming a
normai distribution. The cumulative incidence of lipodystrophy was estimated by means of
Kaplon-Meier survival analysis. In order to examine the effect of caiendar time, we stratified
for calendar fime by calculating cumulatfive Incidences per calendar year among persons
commencing freatment in that calendar year.

Factors associated with lipodystrophy were analyzed by means of univariate and
muitivariate Cox-regression analysis. in order to adjust for calendar fime and differences
between hospitals, all analyses were siratified for the period of cohort enfry and hospital,
the results of which were presented as pooled relative risks with 25%C1. The influence of
partially refrospective data collection was examined. Factors that could alter the risk of
podystrophy over fime, such as exposure to individual anfiretroviral agents or specific
combinations, and change in body mass index, weight and CD4 cell counts were entered
into the model as fime dependent co-variates.
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Resulls

At the time of this analysis, the ATHENA population comprised 3377 eligible pafients. For our
study. we excluded 1374 patients because of previous tfreatment with anfiretroviral agents,
47 paflents becouse of missing freatment dates, two patients because of a diagnosis of
[podystrophy before cohort entry and two because of missing follow-up. The fingt study
cohort consisted of 1952 patients, who entered the study cohort between July 1, 1994 and
September 30, 2000. The median date of cohort entry was October, 28 1997 (inter Quartile
Range [IQR]: Feb 28, 1997-Nov 4, 1998).

The baseline characteristics of the study cohort are summarized in fable 1. In brief,
15% was female, the median age was 37 years, the median weight was 7C kg, the median
HiV-1 RNA load was 4.97 log copies/mL, and the median CD4 celt count was 230 cells/mms,
The most frequently used anfirefroviral treatment combinafion of cohort entry was
Zidovudine combined with lamivudine and indinavir.

Table 1 Baseline characteristics of the study cohert comprising HIV-infected patients who started thelr
fiest antfirefroviral regimen [n=1952)

Characteristic at cchort enfry N (%)
Age 37 [32-45)
Female gender 293 85)
CLC-C disease 502 [26)
HIV-fransmission [n=180¢] Homosexuct 1207 [67)
Heterosexual 452 [25)
Infra-venous drug use 103 (6)
Other 44 (2)
Weight (kg) [n=1748] 70 [63-79]
BMI [kg/m2} [n=1712] 22 [20-25]
CD4 baselineg [cells/mL) [n=1478] 236 [#0-380)
Log HIV-1 RNA (copies/mL) [n=1708] 50 {4.5-5.4]
Plupon cohort entry 1602 82)
First antiretroviral regimen ALT/ITC/IDYV 330 (17)
AZT/3TC/RTY 223 {1
AZT/STC/NFV 203 (10)
AZT/ITC/SQY 157 {8)
d41/3TC/IDV 112 {6)
AZT/ZTC/NVP 105 (5)
d4T/3TC/SQV/RTV a9 (5)
Other @ 733 (38)

ARV= antiretroviral medication; CDC-C= Centers for Disease Control and Prevention disease
classification for HIV class C; Pl= HIV-profease inhibitor
AZT= zidovudine; 3TC= lamivudine; d4T= stavudine; IDV= indinavir; SQV= saguingvir; RTV= ritonavir NFV=
nelfinavir; SQV/RTV= SQV combined with RTV; NVP= nevirapine; NNRTI= non-nucleoside analogue

reverse franscriptase inhibitor

@ Comprises 97 different antiretrovira! treatments
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Risk factors for fipodystrophy

Incidence rates of lipodystrophy
The total follow-up time of the study cohort was 4208 person years with a median follow-up
of 2.2 years (inter quartile range [IGR]: 1.3-3.2). During this period, 241 cases of lipodystrophy
were identified. Other reasons for end of follow-up (right censcring] ofher than last data
refrieval were death (n=84) and loss fo follow-up {n=4). The incidence density of
ipedystrophy accurnulated te 6.2 per 100 person years (95%Cl: 5.5-6.9) with a one-year
cumulctive incidence of 2.7% (95%C): 1.9-3.5), @ fwo-year cumuiaiive incidence of 12.1%
(95%CI: 10.5-13.8}) and a three-vear cumulative incidence of 18.2% [95%Cl: 16.0-20.4). The
four-year cumulative incidence of lipodystrophy was 24.8% [95%Cl; 20.1-29.3} (Figure 1).

Over calendar time, the one-year cumulative incidence of ipodystrophy increased
from 1.7% {?5%Cl: 0.0-4.5) in 1997 to 1.8% {?5%Cl: 0.0-3.6) in 1998 and 2.5% (95%Cl: 0.0-5.3} in
1999. The two-year cumulative incidence increased from 2.0% (95%Cl: 0.4-3.7} for patients
starting in 1996 to 11.4% [95%Ci: 8.2-14.6) for patients starting in 1997 and 11.7% {($5%Cl: 7.3-
14.1) for patients starfing in 1998.

Lipedystrophy occured moest frequently among patients who had been exposed
fo stavudine and was least frequent among patients exposed fo zidovudine irespective of

the other anfiretroviral agents used during follow-up (Figure 2 upper panel]. A relafively high

30 -
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cumulalive incidence (%}
n

I . e

3 185 367 549 731 713 1095 1277 1459

days on anfiretroviral realtment

Figure 1 The cumulafive incidence of lipedystrophy in @ population of newly treated HIV-infected
patients (n=1952}.
Pale gray lines indicate the one-year. two-year. three-yeor and four-year cumulative
incidence respectivaly,
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incidence was observed among patients exposed to combinations with nevirapine or
ritonavir. However, since freatment switches and clustering of antiretrovirgl freatment
combinations are expected to have occurred, the results concemning individual drugs
canngt be interpreted adeqguately in isolation.

Pafients used a median of two (IQR: 1-3] anfiretroviral freatment combinations
during follow-up. Indinavir combined with zidovudine and lgmivudine was the most
frequently used combination (Table 2). Comparing pafients who had used stovudine-based
regimens during follow-up with patients who had used zidovudine based regimens showed
that the rates of lipodystrophy were consistently higher among potients who had been
exposed fo stavudine (Figure 2 lower panel}. Ameng the HIV-protease inhibitors the highest
incidence rate was observed for pafients who had used the ritonavir saguinavir

combination.

Table 2 Cumulotive expeosure to anfiretrovird trectment regimens during follow-up of a cohort of
previously antiretroviral trectment naive patients (n=1952)

Antiretroviral regimen AZT/3TC  d41/3TC AZT/BDI d41/DDI
based based based based

Months of use of Months 13524 6790 672 1039
1oV Months 4948 1934 231 358
Qv Months 2344 715 354 121
RTV months 2373 913 41 258
NFv Months 877 520 7 21
SQV/RTV Months 1374 703 a 62
SQV/NFV Months 6380 877 2 0
IDV/RTY Months 57 449 0 2
1DV8QOC/RTV1CO Months 240 239 ) 7
IDV400/RTV400 Months 94 0 0 0
NVP Months 142 120 o] 0

No with > 6 months exposure® N 804 439 39 53
1DV N 281 127 14 22
sQv N 151 44 20 S
RTV N 131 52 2 T4
NFV N 107 58 0 4
SQV/RTV N 40 62 2 4
SGIV/INFY N 4 34 0 0
IDV/RTV N 16 20 1 0
IDVBO0/RTVICO N 6 é o] 0
IDV400/RTV400 N 10 10 0 0
NVP N 63 39 ] 7

AZT= 7idovudine; 3TC= lamivudine; d47= stovudine; DDI= didanosine; IDV= indinavir; SQV= saquinavir;
RTV= rifonavir; NFV= neffinavir; SQV/RTV= SQV combined with RTV; IDV/RTV= DV combined with RTV;
IDV800/RTV 100= IDV 800 mg combined with RTV 100 mg; IDV400/RTV400= IDV 400 mg combined with
RTV 400 mg; NVP= nevirapineg

*  The sum of individual agents may be higher than the total due to combined use or switching
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Figure 2 incidence rates and 95%-confidence intervals of lipedystrophy for individual anfirefroviral
agents [upper panel) and for combinations of antiretroviral agents {lower panegl] among
previously untreated antiretroviral freatment patients [n=1952)
3TC= lamivudine: AZT= zidovudine: d4T= stavuding; DDI= didcnosing; IDV= indinavir
IDV/RTV= 1DV with RTV; IDVB0Q/RTV100= IDV 800 mg with RTV 100 mg; [DV400/RTV400= IDV
400 mg with RTV 400 mg; NFV= nelfingvir, NVP= nevirapine: RTV= ritonavir; SQV= saguinavir;
SQV/RTV= SQV with RTV
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Risk factors for lipodysirophy

The risk of lipodysirophy incregsed with older age, fermale gender, higher body mass index,
more weight loss and better immunological and virolegical response Table 3). HIV CDC-
disease classification and route of HIV-fransmission as well as starting with an HiV-protease
inhibitorsparing regimen were not associated with lipodystrophy. Also, no influence of
refrospective data collection was observed.

Considering individual anfiretroviral agents imespective of other antiretroviral agents
used, the highest risk of lipodystrophy was observed with stavudine and indinavir, whereas
the lowest risk was observed with zZidovudine and nevirapine [Table 3). After adjustment for
all other associated factors, stavudine was the only agent with an increased risk for

lipodystrophy, whereas nevirapine was associated with a significantly lower risk,

Table 3 Risk factors for development of clinically evident lipodystrophy (n=261) among patients
receiving anfiretroviral freatment (n=1952)

Variable [cases for whom data are Value cases vnivariate multivariated
available if less than 241] [n=241)
N (%) RR {F5%CI) RR  [95%CI)
Median  [IQR]
Age [per 10 years) 40 [34-45] 1.3 {1.1-1.4) 1.3 {0.97-1.6)
Female gender 42 (24) 20 (1.5-2.7) 17 (0.8-3.3)
BMI cohort entry > 22 kg/m?2 [n=242] 155 (64) 1.6 {1.2-2.8) 2.4 (1.3-4.3)
On date of diagnosis
BMI > 22 kg/m? [n=196) 148 (76} 1.4 {1.02-2.0) - -
weight change¥ (kg) [(n=107] -0.92 [2.6-1.5] 1.1 {1.01-1.1) 1.0 [0.96-1.1)
CD4Increase [n=172]
<=20% 29 (17} 1 1
20-100% 50 (29) 1.0 (0.6-1.8) 1.0 {0.5-20)
>100% 93 {54] 1.6 (1.08-24) 14 [083.2)
Log HIV-1 RNA [per o/ml lower} [n=222] 2.5 [1.9-2.6] 1.2 (0.99-1.3) - -
HIV-T RNA < 500 ¢/mL 209 {94) 1.7 {1.1-2.6) 20  (0.6-6.4)
per month exposure fos
regimens containing AZT 138 (53) 0.95 (0.94-0.97) 1.0 [097-1.1)
regimens containing DDI 35 (13} 10 (0.98-1.03) - -
regimens confaining 4T 180 {69) 1.1 (1.1-1.71) .1 {1.04-12)
regimens containing 3TC 231 {85) 1.0 [0.99-1.02) - -
regimens containing DY 131 (50} i.2 {1.01-1.03) 1.0 (0.96-1.03)
regimens containing SQY 110 {42} 1.0 {0.99-1.02} - -
regimens containing RTV 134 {51} 1.0 {0.98-1.01) - -
regimens containing NFV 43 (16) 1.0 {0.98-1.04) - -
regimens confaining NVP 31 (12 0.95  {0.9-0.98) 0.8 [(0.7-0.97)

3TC= lamivudine; AZT= zidovudine; BMI= body mass index (weight/height?); Cl= confidence interval; d4T=

stavudine: DDI= didancsing; IDV= indingvir; NFV= nelfinavir, NVP= nevirapine; Pl= HIV-protease inhibitor;

RR= relative risk; RTV= ritonavir, SQV= saquinavir

@ Includes variables that were associated with lipodystrophy according to the univariate analysis (bold
prints). Excludes variables that were strongly associated with another varable in the analysis [BMI at
index date, log HIV-1 RNAJ.

¥ Change over six months preceding diagnesis of ipodystrophy

& exposure groups are not mutually exclusive as patients may have used multiple antirefroviral agents
either sequentially or in combination
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Anfirefroviral freafment combinafions

Since the use of antiretroviral agents was expected to be clusiered, we alsc considered
commonly used antiretroviral freatment combinations as opposed o individual agents. This
analysis showed a significantly higher risk of lipodysirophy for all combinations with stavudine
(Table 4). The confidence intervals of those regimens did not overlap with the confidence
intervals for combinatfions with zidovudine and lamivuding, implying statistically significant

different risks of lipodystrophy.

tTable 4 Association between antiretroviral freatment combinations and development of clinlcally
evident lipodystrophy (n=2461) among patients receiving antirefroviral freatment (n=1952)

> & months exposure vs, No exXposure Per month exposure

Used regimen® Cases Univariate multivarictes Caoses  Univariate multivariates

RR  {95%CI) RR  (95%CI) RR {95%Cl) RR  (95%ClI)
AZT/3TC combined with
1DV 45 08 [0.61.1} - - 65 0.99 0.9281.01)
SQV 21 0.6 [0.4-1.01) - - 26 0.97 (0.9-1.00) 1.0 ([0.95-1.1)
RTV 14 0.4 (0.3-0.7) 11 (0338 2 0.96 (0.9-0.99) 1.0 {0.9-1.1}
NFV 7 05 (0212 - - 13 0.6 (0.9-1.02)
SQV/RTV 4 07 {0.3-1.3) - - 14 096  {09-1.01)
SQV/NFV o} - - - - 1 - -
IDV/RTV 2 0.7 (0227 - - 1 096  [0.5-1.1}
IDVBOQ/RTVIOD 1 - - - - 3 1.03 0.9-1.2)
IDV400/RTVA00 1 - - - - 7 0.9 [©.7-1.1)
NVP 3 0.2 {6.1-0.5% Notassessable 13 0.9 {0.8-0.9) 07 {0.5-1.1)
DAT/3TC combined with
DV 47 3.0 (22-41) 380 (1.6-58) & 1.1 {(1.04-1.1) 1.1 (1.01-1.1)
sQv 17 21 (1.3-3.5) 7.7 (2.8-29.9)20 1.04  {1.01-1.1) 1.05 (0.96-1.2)
RTV 13 12 {0721y - - 16 1.01 {0.98-1.1}
NFV 14 23 (1.3-41) 27 ({09-922) 20 1.1 {1.02-1.1) 11 (0.98-1.2)
SQV/RTV 23 2.0 (1.3-3.3) 29 (1.3-67) ¥ 1.1 (1.62-1.1) 1.1 (1.03-1.2)
SQV/NFY 9 15 (0829 - - 9 102 [097-1.1)
IDV/RTV 5 3.6 (1.3-9.5) 28 [0.2-324) 6 1.1 {(1.01-1.2) 1.7 (0.9-1.4)
IDVBOQ/RTVIOD 1 - - - - 3 - -
IDV400/RTVA00 2 2.5 [0.410.6) - - 3 1.1 (0.21-1.3)
NVP 13 1.5 {0927 - - 17 .02 {0.98-1.1}
D4T/DDf combined with
DV 8 22 (1.1-45 38 (L1-13.8)1 1.03  (0.99-1.1) 1.1 [0.99-1.1)
sQv 2 7 {0470) - - 3 1.1 (0.99-1.1}
RTV 5 17 {07432 - - 7 1.03  (0.99-1.1)
NFV ] - - - - 5 1.1 (0.96-1.2)
SQV/RTY 2 31 08128 - - & i (1.02-1.1)
SQV/NFV ) - - 1 - -

AZT= zidovudine; 3TC= lamivuding; d4T= stavudine: DDI= didanosine; 1DV= indinavir; SQV= saquinavir;
RTV=ritonavir; NFV= nelfinavir: SQV/RTV= SQV combined with RTV: [DV/RTV= IDV combined with RTV;
IDVBO0/RTV100= 1DV 800 mg combined with RTY 100 mg; IDV400/RTV400= 10V 400 mg combined with
RTV 400 mg; NVP= nevirapine

¢ exposure groups are not mutually exclusive as patients may have seguentially used multiple
anfiretroviral freatment combinations

statistically significant difference from IDV/d47/3TC

statistically significant difference from IDV/AZT/3TC

adjusted for age. gender, bmi ot baseline, change in weight over past six months, cd4 cell increcse,
HIV-1 RNA detectabllity and freatment combinations that were associated with lipodystrophy in the
univariate analysis {bold prints)
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Distinguishing cumulative exposure to anfirelroviral agents info mutually exclusive exposure
groups allowed for the direct comparison of different agents and combinaticns. We hence
compared, for example, patienfs who only used stavudine and never used zidovudine with
patients who only used zidovudine but never used stavudine. This analysis showed that
saquinavir, ritonavir and nevirapine tended fo have a tower risk of lipodystrophy than
indinavir (Table 5).

Table 8 Association between mutually exclusive anfiretroviral treatment combinations and
development of clinically evident ipodystrophy (n=241) amoeng previcusly antiretroviral
treatment naive patients (n=1952)

> & months exposure vs. no Univariate multivarictes
exposured cases  RR {95%CH RR (95%C))
Exciusively used one of the following key components
v 69 reference reference
sQV 11 0.4 {0.2-0.8) 1.0 {0.2-1.6)
RTY 13 0.4 {0.2-037) 03 {0.1-1.4])
NFV 8 0.6 [0.3-1.4) 0.4 (0.1-2.2)
NVP 2 3 {0.1-1.1} - -
Ngne 6 09 {0.420) - -
Multiole or < 6 months use 152 0.8 {0.6-1.05) 0.6 (0.3-1.04)
Exclusively used one of the following backbones
AZT 74 reference reference
D4T 128 3.3 {2.8-5.1) 5.4 {2.6-11.5)
AZT and a4T 21 1.8 (1.04-3.1} 2.8 (0.7-10.7)
Netther AZT nor d4f 5 1.4 (0.6-4.4) 1.6 {0.2-13.7)
< & months use of AZT and or d47 33 1.9 {1.3-2.8) 1.7 {0.6-4.7}
Exclusively used one of the following regimens¥
AZT/3TC/IDV 28 reference reference
AZT/3TC/SQV 12 1.1 (0.5-2.7) 1.4 {0.2-8.0)
ATT/ITC/RTY 7 0.5 {0.2-1.2) 0.6 {0.1-5.4)
AZT/3TC/NFY 1 03 {0.03-2.0) - -
AZT/3TC/SQV/RTV 3 c9 {0.3-3.2) - -
d4T/3TCADYV 32 4.6 {(2.7-7.7) 4.3 {1.3-13.8)
d4T/3TC/SQV 5 34 (1.3-20) 20.2 (32-2527.1)
d4T/3TC/RTV 4 1.4 0.5-4.1} 12 {0.1-11.8)
d4T/3TC/NFV 7 4.3 f1.7-11.3) 8.1 (1.2-54.9}
d4T/3TC/IDVADD/RTVA00 1 39 (0.5-33.7) - -
d4T/3TC/SQV/NFV 7 2.6 {1.1-6.1] 27 (©.7-10.9)
d4T/3TC/SQV/RTV 7 2.2 (0.9-5.2) 3.6 (0.7-17.4)
a4T/3TC/NVP 7 1.1 {0.3-4.7) - -
d4T/DDI/IDY ¢ 23 {1.1-50) 1.8 0.4-8.7}
other¥ 32 1.7 {1.03-2.9] 2. 0.6-7.4)

AIT= Zidovudine; 3TC= lamivudine: d4T= stavudine: DDI= didanosine: IDV= indingvir, SQV= saguinavir;

RTV=ritonavir: NFv= nelfinavin SQV/RTV= $QV combined with RTV: IDV/RTV= IDV combined with RTV:

IDVE00/RTV100=IDV 800 mg combined with RTV 100 mg; IDV400/RTV400= 1DV 400 mg combined with

RTV 400 mg: NVP= nevirapine

@ Patients contribute only to one category of the key componenis and backbones during follow-up

+ Adjusted for age, gender. bmi at baseling, change in weight over past six months, cd4 cell increcss
and HIV-1 RNA detectability, key components and backbone

¥ There werg insufficient data to analyse combinations of AZT/3TC with IDV/RTV, SQV/NFV and NVP,
dAT/3TC with IDVB00/RTV100 and d4T/ddl combinations with SQV and RTV, These regimens are not
included in the ‘other’ group. The ‘other’ group contains patients who switched regimens, who used
regimens not Included in this list or used regimens for less than é months. Mullivariate resulfs are not
adjusted for keycomponent and backbone.,

18



Risk foctors for ipodvstrophy

Comparing patients who had used stavudine for more than six months with patients who
had enly used Zdovuding showed that the risk was highest after exposure o stavudine.
Direct comparison of treatment combingtions showed that compared to regimens
containing AZT, 3TC and iDV, regimens containing d4T and 3TC had the highest risk of
lipodystrophy. In the multivariate analysis, the observed risk was especially high for d47, 31C
combinations with saquinavir, nelfinavir and indinavir, but confidence intervals were

extreemly high due to the low number of patfients,

Discussion

In this population based prospective cchort study of incident users of anfiretroviral
frectment, we observed an incidence rate of clinically evident lipodystrophy of 6.2 per 100
person years of freatment. Within four years after starting freatment, comprising ¢ wide
range of regimens, 25% of patlents had developed lipodystrophy.

The risk of lipodystrophy increased with older age, female gender, high body mass
index and good immunoiogical and virological response. The results showed a clear
association between the prolonged use of any combination with stavudine and
iipodystrophy. The lowest risk of lipodystrophy was observed with zidovudine and lamivudine
containing regimens, especially if combined with nevirapine. Indinavir appeared o play a
minor role compared to stavudine.

Only few cohort studies on incident users of anfiretroviral frectment and
lipodystrophy have been reported so far, Studies with prevaient cases have been reported
but these are highly susceptible to bias. Prevalences of lipodysirophy have been repcrted
but vary widely from 49% to 83% (8. 12, 21, 22, 27) since time on treatment is not always
taken into account. Figures on incidence rates of lipodystrophy are scanty (7. 17}. Martinez
et-al reported an incidence rafe of 11.7 per 100 person years (7], whereas Van der Valk et-
al reported o cumulative incidence of 17% over two years (17). Differences may be
explained by differences in pafient populafions and assessment of lipodystrophy.

Despite the Inconsistencies between studies, other studies alse reperted that the risk
of lipodystrophy increased with clder age and was highest in women {7, 8, 19, 27). In
addition, most studies agree on a role of anfiretroviral freatment in the development of
lipodysirophy {7, 8. 18, 19, 27). but not necessarily on the fype of anfiretroviral agents
invelved, Many studies reporfed on individual antfiretroviral agentfs without accounting for
the potential risk of clustering between cerfain agents (7, 18). The sample size of our study
was large enough to extensively analyse both individual antfiretroviral cgents and

anfirefroviral treatment combinations. We therefore believe our results convincingly show
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that among the anfiretroviral agents studied, stavudine is the most important independent
risk factor for lipodysirophy. Indinavir also acted @s an independent risk factor, but the
effect was less pronounced than with stavudine. The fact that the results were adjusted for
immunoclogical and virclogical response argues against speculations that lipadystrophy is a
pure immune recovery effect or metabolic siress relieve effect, cithough interaction
between these effects and treatment effects cannot be excluded (19). The asscciation
between weight loss In the ast six months and lipodysirophy might reflect increased
recognition of ipodystrophy among patients with weight loss.

An tmportant limitation of our study is the lock of objective measurements of
lipodystrophy and discrimination between lipoatrophy and fat accumulation, and the
absence of an accepted definition of the podystrophy syndrome. The recently presented
validated algorithm, including results from DEXA scans, anthropometric measurements and
laboratory assessments (28) could not be applied to the ATHENA cohort, it has, however,
been reported previcusly that there is 98% concordance between potient selfreport and
chysical examingtion {21). The amount of misclassification of lipedystrophy may therefore
have been small. Furthermore, we have no reqson to believe that misclassification of the
ocutcome, if any, was differential especically since we stratified for hospital and calendar
fime. Importantly, our results are consistent with other studies, which did idenfify an
association between the use of stavudine and lipo-atrophy and the use of indinavir and fat-
accumulation (16, 18, 19, 27], even though we did not differentiate between various types
cf lipedystrophy. Finally, our data produced simiar relafive risks for gender and age as
previous studies, suggesting little influence of our case definition on the actual associafions.

In 1994 the cumulative incidence of lipodystrophy was lower than iater in calendeor
time, which probably is the result of undemreporting or under-recognition bias snortly after
the introduction of the new anfiretroviral agents when lipodystrophy was not even known.
Subseguent awareness may have led to delayed reporting of early cases of lipodystrophy.
This might have caused an underestimation of the actual incidence rate of lipodystrophy.
Since we did anticipate o calendar time effect we dealt with this in the analyses of risk
factors by stratfification for calendar ¥ime. In doing so, the analyses effectively compared
cases of lipodysfrophy with non-cases who started the first antfiretroviral regimen within o
three month window of the case and had the same length of follow-up. Thus calendar fime
is unlikely to have disturbed our results.,

In cenclusion, in this previously anfiretroviral freatment naive pafient population
clinically evident lipodysirophy occumed af o rate of 6.2 cases per 1000 years of follow-up.
Apart from clder age, female gender, high body mass index, and good immunologicg! and

virclogical response, exposure to stavudine and to a lesser extent exposure to indinavir were
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independent risk factors for lipodystrophy. Pafients exposed to zidovudine and lamivudine-

confaining regimens, combined with nevirapine in particular, had the lowest risk of

lipodystrophy. The risk of developing lipodystrophy with the use of other regimens including

other non-nuclecside reverse transcriptase inhibitors, such as efavirenz, boosted HIV

protegse inhiniior combinations, regimens sciely composed of nucleoside anclogues, or

nucleoside-sparing regimens remains to be determined.
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Substituting nevirapine for HIV-protease inhibitors

Short report

Many patients fall Highly Active Anti-Retroviral Therapy (HAART) beccuse of poor
compliance, which is a consequence of the complexity of the dosing regimens, the large
volumes of pils to be faken and the side effects associated with the use of protease
inhibitors {Pls). The most commonly reported side effects of Pis include nausea, vomiting.
diarhoedq, urological compiaints and lipodystrophy (1. 2). Several studies have shown that
'step down- strategies' as an easier maintenance therapy fail fo preserve viral suppression
(3-5).

Neviraping (NVP) has demonstrated anti-HIV-1 efficacy with a less complex dosing
regimen and a more favourable safety profile than Pls in anfirefroviral therapy ndive
patients (4). Rash seems the most important side effect. In view of its favourable efficacy
and safety profile, substituting NVP for Pl might be a good alternafive as maintenance
therapy after Pl induction treatment.

To investigate this strategy, we refrospectively reviewed data on all patfients whose
Pl containing regimen was switched to a NVP cenfaining regimen because cf Pl-intolerance
reasons listed in Table 1) between July 1997 and 3eptember 1998, All patients had HIV-1
RNA levels below the detecfion limit {<500 copies/mL, Roche Amplicer) af the fime of
switch, Of 300 patients on HAART in our institute, 41 (14%) patients (29 men and 12 woemen)
had chenged therapy. Their mean age was 41+10 years and of them twelve (29%) had
CDC C3 disease classification. As part of their first HAARTregimen, 18 patients used indinavir,
13 ritonavir, seven a ritonavir-saguinavir combination and three used saquinavir. Viral loads
hod decreased from o mean of 4.97+0.52 log copies/mL to undefectable levels within a
mean of 17417 weeks (range 3-91) after starf of HAART. The average CD4 cell count had
increased by approximately 200 cells/mL at the time of swifch. Before changing fo NVP,
eight patients fied another PI.

Table 1 shows reasons for Pl discontinuation, treatment duration and subsequent
virological, immunclogical and clinical outcomes. Following the switch to NVP, gastro-
intestinal compilaints improved considerably in 22 out of 26 patients. Although lipadystrophy
improved in some patfients according to the patient's self report, body appearance
remained abnormal in ali six during a median follow-up pefiod of 24 range 15-45) weeks.
Urological complaints subsided. Glucose regulation improved in the two hyperglycaemic
patients. Four patients [10%) developed a rash on NVP treatment. Two patients discontinued
NVP within four weeks because of side effects, one because of rash and one becaouse of

persistent nausea and vomiting. HIV-1 RNA remained undetectable in alf patients who

127



Chapter 4.1

continued NVP trectment but two, who experienced an increase to 1340 copies/mL and

18700 copies/mL offer 56 and 15 weeks of NVP freatment, respectively.

Tabie 1 Reasens for stopping Pl and effects of changing to NVP

Assessment N= 41 End of P! treatment On NVP freatment

Main reason for switch

Gastro-intestinal compigints N {%) 26 (53) 4(10)
Lipodystrophy N (%) 6 (15) 4 (15
Urclogical complaints N (%) 2 (5) g {0)
Hyperglycgemia N (%} 2 (5) 2 (5)
Patient request N (%) 3{7) -
Unknown N (%) 2 {5) -
Weeks of therapy Mean {SD) 4% (31) 36 (19)
Median {range) 47 (5-102) 30 {8-87)
CD4 count {cells/ml.) Y 32 38
Mean (3D} 439 (227} 518 (265)#
Median frange} 435 (90-500} 440 (70-1230)
HIV-1 RNA {copies/mL) N 41 39
N<500 (%) 41 {100} 37 {95}

#  Wilcoxon signed ranks test for paired samples {CD4 count at end of Pl freatment versus last CD4 cell
count during NVP freatment, n=29}: p<0.001

In this case-study, we show that switching from a Pl tc a NVP containing anfi-HIV-1 regimen
diminisned most side effects without loss of viral suppression in 37 of 39 potients during a
median follow-up pericd of 3¢ weeks [range 8-87). We suggest that NVP in combination with
two NRTIs has potential as a long-term maintenance treatment affer successful induction
therapy with a Pl centaining regimen. The favourable risk profile and the less complex
freatment regimen should enhance adherence and promotfe long-term effectiveness,
which is an emerging issue in anti-HIV-T freciment to date. it seems worfhwhile to further
investigate the role of NVP ¢s part of @ maintenance thergpy In a cenirolied setiing and

with ultra-sensitive HIV-1 RNA measurement technigues.
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among HIV-infected patients with viral
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The ATHENA cohort.
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Abslract

Information on the risk of freatment failure after switching from human iImmunodeficiency
virus  (HIV)-protegase inhibitors [Pl) fo neviraping (NVP] while having successful viral
suppression is scanty, We compared the one-year risk of treatment failure between patients
switching from the first Pl-confaining antiretroviral regimen to NVP (NVP-group) and patients
switching to second-line Pl {Pl-group) in the ATHENA-cchort (n=2470) while HIV-1 RNA was
<500 copies/mL. Treatment faillure was defined as HIV-1 RNA twice >500 or once >10,000
copies/mL or treatment discontinuation for any reason.

There were 444 eligible pafients, 125 and 321 patients in the NVP-group and Pl-group
respectively. Adjusted for other risk factors, the NVP-group had a five-fold [95%C1:0.1-0.4)
lower risk of freatment faiure than the Plgroup, predominanily because of lower
discontfinuation rates. In presence of successful viral suppression switching to NVP as
opposed 1o second-ine Pls was superior with regarding the lkelihcod of maintaining the

same freaiment,
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infroductfion

Treatment of human immunodeficiency virus [HIV]-1 infection with Highly Acftive
Antiretroviral Therapy (HAART) confaining an HIV-protease inhibitor (Pi] may be froubled by
large guantities of capsules, stingent intake schedules, food restrictions, drug-drug
interactions and numerous adverse drug reactions (1, 2} . These factors may interfere with
long-term adherence and therefore lead fo premature viral rebound and the selection of
resistant viral variants. Various strategies for maintenance freatment have proven o be
ineffective in & number of studies (3-5) . Moreover, the benefits of switching between Pls are
limited, pessibly due to the presence of class specific problems (6} .

Nevirgpine (NVP) is a nen-nucleoside analogue reverse iranscriptase inhibitor
(NNRTI) that has demonstrated potent anfi-HIV efficacy in combination with fwo nucleoside
analogue reverse franscriptase inhibitors [NRTis} {7, 8) . Combination therapy of NVFP with
two NRTIs is relafively easy and has shown few adverse effects, although potentially serious
rashes and liver toxicity have been reported (8) .

Patients who have been freated successfully with a Pl-containing HAART regimen
may benefit from the less complex freatment regimen with NVP, which should help improve
leng-term adherence, and thereby the chance of sustained anfiviral efficacy. This
hypothesis has been subject of ¢ number of studies so far, most of which lacked a
comparison arm, studied smail patient numbers or had a short follow-up period ($-12} . Asa
consequence the information regarding the effectiveness and safety of NVP for patients
with viral suppression is insufficient so far.

In order fo gain more insight info the consequences of substituting NVP for Pls
during viral suppression under everyday circumstances, we conducted an observationadl
cchort analysis within The Dutch nationwide ATHENA cohort of patients treated for their HIV-
infection. In this cohort with detailed data on HiV-freatment and treatment outcome we
determined the one-year risk of frectment failure after switching from Pls to NVP as opposed
to swilching to a second-ine Pl regimen (PHoN study cohort).

Materials and methods

Setting

We conducted our sfudy within the ATHENA cohorf, which is a notionwide observational
cohort in the Netherlands. The ATHENA cchort includes HIV-infected patients who are
freated with one or more of the new anfiretroviral drugs that became availabie in the
Netherlands in July 19946 and thereafter [ie. all Pis, all NNRTls and the newer NRTIs such as
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lamivudine and stavudineg). The source population comprises HIV-infected patients in follow-
up af the 22 hospitals that provide freatment to HIV-infected patients in the Netherlands
and willing to give written informed consent. The ATHENA project has been approved by the
local Ethics Committees of all centres.,

According o the national guidelines for HiV-ireatment in the Netherands, patfients
are seen at approximately three-monthly infervals for regutar follow-up (13) . Data for the
ATHENA cohcrt cre collected on standardised forms, retrospectively from medical recerds
until patient entry into the cohort, and prospectively thereafter by frained research nurses
and freating physicians. The resulting ATHENA database, which is updated approximately
every six months, contains information on gender, age, hospital, height and weight. Start
and stop dates as well as dose frequency of every anfiretroviral medicafion and
prophylactic treatment against oppertunistic infections, primary reason for stopping such
tfreatments as classified by the treating physician, dates of onset and resolution of HIV-
related diseases. CD4 cell counts. plasma HIV-1 RNA locad and abnomal laboratory values
are recorded. Information on adverse events comprises ali events that lead fo a change in
antiretroviral treatment and a number of pre-specified adverse events such as neuropathy,
lipodystrophy and hepafills. Available data on plasma HIV-1 RNA result from three different
guantitative assays, Amplicor [Roche Dicgnostics, Branchburg, NJ, USA), NucliSens
{Organon Teknika, Boxtel, Nederland) or Quantiplex [Chiron Diagnostics Corporation, East
Walpole, MA, USA). At the time of data extraction for the analysis in March 2000 dafa were
available for 2470 patients.

PitoN study cohort

The source population for our study involved all patients in the ATHENA database using a PI-
containing first antiretroviral regimen during the study period. The study period ran from 1
May 1997, when the compassionate use program for NVP became effective, until March
2000. Patients entered the PltoN study cchort upon switching the Pl component of the first-
line antiretroviral regimen (MAART 1) while HIV-T RNA was below 500 copies/mL. Changes of
ritonavir [RTV) formulation were not considered as & switch because of a natlion-wide
change to o new formulation. Any other change of the Pl component, including dose
frequency change other than standard initial dose escalations, addition or removal of a Pl
and change of saquinavir (SQV} formulaticn, was considered as a switch. The date of
cohort entry was defined as the start date of the second HAART regimen {HAART 2}. We
excluded all patients for whom we did not have an HIV-1 RNA assessment within at least
three months prior to the start of HAART 2 or who interrupted freatment for more than seven
days in order to ensure the presence of viral suppression at the start of HAART 2. The resulfing
PltoN study cohort was divided inte two treatment groups based on the use of NVP or Pls in
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HAART 2. Switches to other NNRTIs, such as efavirenz, were not studied separately in this
study since NVP was the only registered NNRT in the Netherands ot the time of this analysis.
Switches fo triple NRTi-regimens were not studied either as the primary interest of our study
was to compare swifching fo NVP with switching between Pls,

Outcome

The primary endpoint of the study was the proportion of patients experiencing freatment
failure within one year after swifching o HAART 2. Treatment failure was defined os either
virological failure or discontfinuation of HAART 2 for any reason. Virolegical failure waos
defined as plasma HIV-1 RNA levels above 3500 copies/ml on two consecutive
measurements or a single plasma HiV-1 RNA assessment of more than 10,000 copies/mL.
Disconfinuation of HAART 2 was defined as either another freatment switch according to
the above description. discontinuation of HAART 2 or death. Notably switching NRTIs only
was not considered as o freatment switch.

As secondary endpoints we studied time to treatment failure, the effect of
substituting NVP versus substifuting a new HiV-protease inhibitor and versus other types of
switch, the effect of the most common switches at the level of individual antiretroviral
agents, the course of CD4 cell counts and the occurrence of clinical adverse events.
Fellow-up for the study lasted from the date of study entrance until the completion of one

year, last update of data collection or reatment failure, whichever occurred first.

Co-variafes

As potential determinants of treatment faillure and potential confounding factors we
considered demographic factors, such as age. gender, country of birth, route of HIV-
fransmission and COC-disease classification at the time of switch (14) . In addition, we
considered treatment history pricr to HAART 1 (categorised a3 either naive or experenced
to NRTIs), duration of HAART 1, duration of viral suppression prior to switch {defined as the last
uninterrupted period of HIV-1 RNA below 500 copies/mL), prior history of virological rebound
{defined as HIV-1 RNA ot least once cbove 500 copies/mL affer suppression below 500
copies/mL). CD4 cell count at the fime of switch, type of anfirefrovirals used in HAART 1 and
2, calendar fime (expressed as months since start study pericd) and the reasen for switch,
Reasons for switch were categorised by the freating physician as: infolerance, patfient
request, failure (the laffer in the confext of the ATHENA study being defined as either
increase in virgl load, decrease in CD4 cell count or disease progression), pharmacological
indication, other with specification and unknown.
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Analysis
Differences in baseline characteristics between the Pl-grovp and NVP-group were tested by
means of the Pearson's Chisquare test or Fisher's exact test for categorical variables. The
Student's i-fest was used for continuous variables unless non-nermally distributed in which
case we used the Mann-Whitney-U fest. The one-year hazord for freatment foilure was
estimated by means of Kaplan Meier survival anglysis. Crude comparisons regarding the risk
of treatment failure between the HAART 2 groups were made both with the log-rank test
and univariate Cox-regression analysis. Risk factors for freatment failure were identified by
means of univariate and subsecuent multivariate Cox-regression analysis. The mulfivaricte
model included all factors from the univariate analysis that were associafed with freatment
failure ot a p-value of <C.1. Time to failure was calculcted from the date of cohort entry fo
the first date of HIV-1 RNA above 500 copies/mL or discontinuation of HAART 2, whichever
occurred first, Results were expressed as % of patients or relative risk (RR) with 95%-
confidence intervals (95%Cl). The course of CD4 cell counts until freatment failure or end of
follow-up was analysed by means of a General Linear Model (GLM) for repected
measurements adjusted for the baseline CD4 cell count. The presence and resolution of
adverse events was described.

Stafistical sigrificance was accepted at o two-sided p-value of 0.05. Al analyses
were performed with SPSS statistical package for Windows version 8.0,

Resulis

Cohort

The source population in the ATHENA dotabase consisted of 2434 patients who ever used @
Pl before March 2000. Of these, 1716 patients were ineligible for our study cohort because
of. an NNRTI in HAART 1 [n=124), continuation of HAART 1 [n=738), HIV-1 RNA above 500
copies/mL (n=637) and change of HAART 1 before 1 May 1997 (n=215). We further excluded
those with more than seven days between HAART 1 and HAART 2 (n=510) and absence of
baseline HIV-1 RNA measurerment (n=129), resulting in o final cohort of 444 paotients,

The final study cohort consisted of 125 [28%) patfients for whom Pls were replaced
by NVP [NVP-group} and 321 (72%) patients who had @ change of the PI component (PIl-
group, Table 1}. The most common swifches included switches from SQV hard gel capsule
{hge) to SQVhge combined with RTV, from one indinavir (IDV) dose frequency to ancther
IDV dose frequency [n=42, 9%). from RTV, SQVhge combined with RTV or from DV to NVP
(n=42, 9%) and from IDV or RTV to neifinavir (Table 2).
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Table 1 Type of treatment change of the first human immunodeficiency virus (HIV)-profease inhibitor
containing antirefroviral freatment in presence of viral suppression

Treatment change® N (%)
NVP-group
Changed Plinto NVP 125 (28.0)
Pi-group
Changed to another type of Pl 117 (26.2}
Removed one Pl, maintaining one of two Pls 7 {1.5)
Added one PI 99 (22.2)
Changed sQV formulation 22 14.9)
Changed dosage and/or dose frequency 76 {17.0)
Total 444 {100)

NVP= nevirapine: Pl= HIV-protease inhibitor; SQV= saguinavir

Table 2 The most common substitutions for the first human immunodeficiency virus {HIV]-protease
inhibitor in presence of viral suppression

HiV-protease inhibitor / NNRTI component

HAART 1 HAART 2 N (%}
S@vVhgc SQVhQC/RTV 53 (12}
DV DV 42 %)
RTV NVP 42 {2
SQVhgc/RTYV NVP 34 18)
DV NVP 25 )]
1oV NFV 25 ()]
RTV NFV 21 {5)
IDV IDV/RTV 20 (4)
RTV SQVhgc/RTV 19 [4)
Cther 165 (371

HAART= highly active antiretroviral therapy; IDV= indinavir; NFV= neffinavir; NVP= nevirapine; RTv=
ritonavir: SQVhgc= saquinavir hard gel capsule

Patient characteristics ot the fime of switch of HAART 1 (baseling) are presented in table 3.
The NVP-group was more often anfiretroviral treatment-naive prior to HAART 1, had longer
successful viral suppression prior to switch, more offen had a concomitant change in NRTIs,
switched Igter in calendar time and more often had intolerance and patient request as
reasons for switch than the Pl-group. Furthermore, the NVP-group used more stavuding (d4T)
and less didanosing (ddi) in HAART 1 than the Pl-group, and the NVP-group more often had
RTV and 3QV combined with RTV but jess SQV in HAART 1.
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Table 3 Patfient characteristics of the PitoN study cohort [n= 444)

Switch fo P-
Charaocteristic N (%} NVP (n=125) Pl (n=321)k valuea
Age Median (1GR) 40 {35-48) 39 (33-46) Ns
Gender Male 110 {88.0) 264 [82.) NS
Female 15 {12.0) 57 (17.8)
Counitry of birth Netherands 83 (66.9) 233 (73.7) NS
Other 4] (33.1) 83 (26.3)
Route of transmission MEM 20 (67.8) 204 (67.3)
infravanous drug use 3 {2.5) 20 {6.6) Ns
Other 35 {29.7) 7% {26.1)
CDC-classification c 30 (24.0) 78 24 3) Ns
AorB 95 [76.0) 243 {75.7)
Naive start HAART 1 Yes %7 177.6) 189 {58.9) <0.00]
No 28 {224} 132 {41.7) .
Weeks on HAART 1 Median {IQR) 66 {38-92} &4 {20-87) Ns
Weeks <=500 copies/mL Median [IQR) 47 (21-82) 37 (15-66) 0.008
Prior virolegical failure Yes 17 [14.7) 8] (22.4) Ns
No 99 (85.3) N {77 .8}
CD4 at switch {cells/ul) Median (IQR) 440 {300-400) 420 {300-600)  Ns
NRTIs changed Yes 32 (25.6) 36 (1.2) <0.001
No 93 (74.4} 285 {88.8)
Months since 1 May 1997)  Median (IQR) 20 6231 14 {10-18) <0.001
Reason for switch MAART 1 Infolerance 62 {49.6) 8% (27.7)
Patient request 38 (30.4J 46 (20.6}
Pharmacological indicafion 3 (24 36 (112} <0.001
Faitured 3 {2. ] 15 4.7} ’
Othere 11 {8.8) 83 {25.8)
Unknown g {6.4) 32 {10.0)
HIV-protease inhibitor before NFV 5 4.0 [ 1.9}
switch DV 25 [20.0) 104 (32.4)
SQvhgc 10 (8.0} 77 {24.0]
SQVsge 2 {1.6) 2 {0.6)
RTY 42 (33.6) &6 {20.8)
IDV/RTV 6 (48 2 0.6} <0.001
SQVhge/NFV 1 (0.8} 14 (4.4}
SQvsge/NFY ¢ ©) i0 (3.1}
SQVhge/RTY 34 (27.2) 38 (11.8}
other 0 Q) 2 {0.6)
NRTIs before switch AZT/3TC &0 (480} 151 {47 0)
D4T/3TC 44 (35.2) 117 [26.4)
d4T 10 {8.0) 9 (2.8}
ATT/dd 2 (1.6 14 (4.4 0.042
d4T/adl 2 (1.6} 12 {(3.7)
other 3 (2.4) 15 (4.7)
none 4 (3.2) 3 {0.9)

3ITC=lamivudine; AZT= zidovudine; d4T= stavudine; ddC= zalcitabine; ddl= didanosing; HAART= Highly

Anfiretroviral Therapy; 10V= indinavir; IQR= Inter Quartile Range: MSM= men having sex with men; NFv=
nelfinavir; NRTl= nucleoside analogue reverse franseriptase inhibitor; NVP= nevirapine; PI= HIV-protease
inhikitor; RTV= ritonavir; SQVhge= saquinavir hard gel capsule: SQVsge= $SGQV soft gel capsule

a Pearson Chi-square or Fisher's exact test for categorical variables and Mann-Whitney-U for

continuous variables: Ns: p>0.05

b Pl-group consisted of neffinavir (22%), indinavir (20%), saquinavir hard gel capsule (4%], saquinavir
soft gel capsule (3%), ritonavir (3%), indinavir/ritonavir (9%). saquinavir hard gel capsule/nelfinavir

(1%). saquinavir soft gel capsule/neifinavir [7%), saguinavir hard gel capsule/ritonavir (30%),

saquinavir soft gel capsute/ritonavir 1%}, other (2%])
¢ Percentages of freatment group HAART 2

d  Failure while HIV-1 RNA<500 copies/mL (ie. low CD4 cell count and/or clinical progression and/or

HIV-1 RNA detectable with ultra sensitive HIV-1 RNA assay).

e Including convenience (7% resp.12%), profocol directed (2% resp.9%) and other (0% resp.4%).
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Figure 1 Cumvulative hazard of treatment failure offer substituting the first human
immunodeficiency virus {HIV)-protease inhibitor (Pl)
Patients who had switched to a second-ine HIV-protease inhibiter (Pl-group)
under suceessful viral suppression (solid ling) had a significantly higher risk of
freatment failure (virclogical fallure or treatment discontinuation) than patients,
who had switched to nevirapine [NVP-group) under the same circurmstances
(dotted line) (log-rank p<0.001).

Treafment failure

Within one year after changing HAART 1, 187 [42%) pcatients experienced treatment failure
{Figure 1). The one-year cumulative hazard of freatment failure was 0.2 [95%ClI: 0.1-0.2) and
0.8 (95%Ci: 0.7-0.9) for the NVP-group and Pl-group respectively, resulting in a RR of 0.2
(95%CE 0.1-0.3) for the NVP-group versus the Pi-group (Table 4}). The median time fo
treatment failure within the first year after switch was 22 [{QR: 5-35) and 17 {IQR: 9-30) weeks
for the NVP-group and Pi-group., respeciively.

Regarding the causes of treatment failure, 27 (6%) patients falled because of
virological! failure, including 11 patients with more than 10,000 HIV-1 RNA copies/mL. In total,
14C [36%) patients failed because of discontinuation of HAART 2. We observed significantly
fewer treatment discontinuations (crude RR: 0.2, 95%Cl: 0.1-0.3) and a trend toward less
virological failure [crude RR: 0.4, $5%Cl: 0.2-1.2) in the NVP-group as compared 1o the PI-
group (Table 4). For both groups the primary reason for HAART 2 discontinuation was
intfolerance (50% and 48% of the disconfinuations in the NVP-group and Pl-group
raspectively). These included two deaihs in the NVP-group. One male patient with a history
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of cardiac disease died at the age of 6% because of heart failure. The couse of death of the
cther patient could not be retrieved as neither HIV-related events nor adverse events had
been reporfed for this 41-year old man.

Other characteristics associated with freatment failure were: intra-venous drug use
Qs route of HiV-fransmission, antiretroviral freatment experience before HAART 1, d4T/ddl in
HAART 1 or HAART 2, shorter duration of viral suppression before switch, absence of a
change in NRTs and switch Igter in calendar time. The use of RTV or a RTV/SQV combinaticn
in HAART 1 was associated with less treatment failure on the subsequent regimen. Many of
the cbove factors were not equally distributed ccross the NvP-group and Pl-group af
baseline. After adjustment for all of these factors, including the reason for switch HAART 1 in
a multivaricte analysis, substitution of NVP for Pls relative to other changes of the Pi-
component remained, however, associated with a lower risk of treatment failure with an
adjusted RR of 0.3 ($5%CI: 0.1-0.5) {Table 4).

Restricting the outcome fo virclogical failure and switches due to intolerance with
right censoring of the other switches, produced simiar results as analyses with the primary
cutcome (Table 4). Separafing virological failure and freatment switches, however,
indicated that differences between the NVP-group and Pl-group were mainly attributable
to treatment discontinuations as the risk of virclogical failure was not significantly different
between the NVP-group and Pl-group in the mulfivariate analysis. Strafification for NRTI
experience prior to HAART 1 showed that the favourable effect of NVP was more
pronounced among NRT freatment naive pafients. The adjusted RRs of freatment failure
were relatively constant when comparing the NVP-group to individual types of switch (ie.
change o another fype of Pl, continuation of one of twe Pls, addifion of ene Pl change of
SQV formulation and change of dose and/or frequency). ranging from 0.1 {25%CI: 0.03-0.2)
10 0.3 ($5%CI: 0.1-0.6).

Similar to the univarigte analysis, the lowest risk of freatrment failure was observed
after switches from RTV o NVP (adusted RR: 0.2, 95%CI: 0.10.4) when compared fo
switching from SQVhgc to SQVhge with RTV {the most frequent switch) (Table 4). The highest
risk was observed after switches from IDV to IDV with RTV [adjusted RR: 3.6, 95%:CI: 1.6-8.2).

Among patients who used IDV in HAART 1, switching to NVP was associated with a
5-fold lower risk of freatment failure fhan switching to another Pl-containing regimen
(adjusted RR: 0.2, 95%CI:0.04-0.6). Similar results were found for palients coming from a
regimen with RTV (adjusted RR: 0.2, ?5%Cl: 0.03-0.9) or a regimen of SQVhge with RTV
{adjusted RR: 0.1, 95%CI: 0.01-0.7).

140



Switching from HiV-protease inhibitors to nevirapine

Table 4 The relative risks of treatment failure within one year after substituting the first human
immunodeficiency virus (HIV)-protease inhibitor

Crude Adjustede
RR 95%CI RR 95%CH

NVP-group versus Pl-group
Overall 02 {0.1-0.3) 0.2 {0.1-0.4)
ART experienced patients 04 (0.2-0.8) 0.3 {0.1-0.98)

ART naive patients 0.1 0.1-0.3) 01 {0.1-0.3)
Qutcome HAART 20

Virolegical fallure + Treatment switch dug 0.2 (@.1-0.4) 03 (0.7-0.8)

to intolerance

Virological foilure 0.4 (0.2-1.2) 0.8 10.2-3.0)

Treatment switch for any reason 0.2 (0.1-0.3} 0.2 0.1-0.3}
NVP-group versus

Changing to ancther type of PI 0.2 0.1-0.4) 0.3 [0.1-0.6)

Removing one PI 0.1 {0.04-0.3) Too few -

Adding one P 0.2 {0.1-0.3) 0.1 {0.03-0.2)

Changing SQV formulation 0.2 {0.1-0.4) 0.e {0.02-0.4)

Cheanging the Pl dose frequency 02 {0.1-0.4) 0.1 (0.05-0.4)
Most common switches

SGVhge to SQYhge/RTY 1 Reference 1 Reference

IDV t¢ new dose frequency IDV 1.2 [0.7-2.1) 0.9¢ (0.4-20)

RTV to NVP 0.1 (0.05-0.4) 0.2¢ {0.1-0.6)

SQVYhgc/RTV o NVP 02 [0.1-0.6) 0.4s (0.1-1.5)

IDV to NVFP 0.3 {.1-0.8) 0.3¢ {0.1-0.98)

IDV 1o NFV 0.8 (0.4-1.7) 0.7¢ {0.3-1.7)

RTV fo NFV 0.4 (0.2-1.03) 0.4¢ 10.1-1.2)

1DV o IDV/RTYV 22 (1.2-4.1) 3.4¢ (1.6-8.2)

RTV to SQVhgc/RTV 1.9 {1.00-3.7) 2.4¢ {1.03-5.8)

Other 0.8 0.6-1.5) 1.2¢ (0.6-2.4)

95%CI= 95% confidence interval; HAART= Highly Antiretroviral Therapy; IDV= indinavin NFV= nelfinavir;
NVP= nevirapine: Pl= HIV-protease Inhibitor; RR= relatfive risk; RTV= ritonavir; SQVhgc= saquinavir hard gel
capsule

a  Adjusted for route of HIV-transmission, type of Plsin HAART 1, nuciecside analogue reverse
franscriptase inhibitors {NRTIs} in HAART 1 and HAART 2, duration of viral suppression before HAART 2,
change in NRTis yes or no, time of switch, reason for swifch and either adjusted or strafified for
frectmeant experience prior to HAART 1

Calculated with right censoring of the alternative cutcome(s)

¢ Adiusted for all varigbles mentioned in note ¢ except for type of PHin HAART 1

o2

Adverse events

Before swifching fo HAART 2 adverse events had been reported for 91 (73%) patients in the
NVP-group and 207 (65%) in the Pi-group (p=0.094). Affer switch respectively 43 (47%) and 94
(46%) patients in the NVP-group and Pl-group falled to achieve resolution of these events or
died within the available follow-up period. For 12 (21%) patients in the NVP-group and 38
(18%} patients in the Pl-group part of the events resolved. Twenty-ning (32%} pafients in the
NVP-group and 73 (35%) pafients in the Pl-group had complete resolution of ali events. The
most freqguently repcrted new adverse event affer switching was lipodystrophy s
diagnosed by the frecting physician, cccuring among 13% and 11% of pafients in the NVP-
group and Pl-group respectively. Only 2 (2%) patients in the NVP-group and 5 (2%) in the PI-
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group experienced dermatclogical adverse effects. There were no reports of toxic (non-

viral} hepatifis or severe rash on NVP leading to disconfinuation of NVP,

mmunoclogy

CD4 cell counts confinued 1o increase in both groups ofter start of HAART 2 {Figure 2). No
statistically significant difference in CD4 cell counts was observed between the NVP-group
and Pl-group at any fime point (GLM for repeated measurements, p=0.088).
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Flgure 2 Course of CD4 cell countfs affer substifuting the first human immunodeficiency virus {HIV)-
protease inhibitor {PI}
No difference in CD4 cell counts was observed between pafients who switched to @
second-line HIV-protease inhibitor {Pl-group, solid fine] and patients who switched fo
nevirapine {NVP, dofted line) while having successful viral suppression [General Linear
Model for repeated meagsurements: p>0.05), Mean CD4 cell counfs ((ines] and $5%-
confidence intervals {bars} are plotted.

Discussion

In this study under everyday circumstances it was observed that substituting NVP for Pls
during viral suppression was three-fold more likely to result in sustained virus suppression and
maintenance of the new freatment regimen than substituting for any aiternafive PI or PI
combination. This was found after adjustment for the imbalance in other determinants of
freatment failure (ie. the route of HIV-transmission, type of antiretrovirals used In HAART 1 and

HAART 2, concomitant changes of NRTIs, duration of viral suppression pricr fo switch, and
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calendar fime of switch) and reasons for switch. The differences were most pronounced
ameng patients who were fully treatment-naive before their fist PI and were mainly
attributable to the lower number of freatment discontinuations on NVP.

By using the dalaobase derived from the ATHENA projeci we were able fo
substantiate previcus findings in a larger cohort of patients with a more substantial follow-up
peticd (9-12). The available data allowed us to compare switching fo NVP with switching 1o
second-iine Pls in a multivariate andlysis including multiple predictors of freatment failure.
Morecver, this cohort allowed us to explore different types of swifch within the class of Pls,
including switches af the level of individual antiretroviral agents. which indicated that
switching to NVP was superior to all types of Pl switches included in this study. For adequate
analysis of the effects on virological failure, probably a larger sample size is necessary as the
rate of virological failure was generally low.

with respect to adverse events the NVP-group and Pl-group appeared equally
successful in resolving events, although there were two deaths in the NVP-group. We were
unable to exclude NVP s the cause of one of these deaths. No other serious adverse
effects, such as severe hepatitis or skin rash leading to treatment discontinuation had been
reported. The incidence of skin rashes in the NVP-group was 2%, whereas we anficipated
see skin rashes in af lecst 5% of patients in this group (7. 8). The absence of severe skin
reactions and severe clinically overt liver toxiclty fo NVP {15-17] might point at a potentially
lower risk of these events among patients with viral suppression than among patients with
high virat loads as has been speculated before (18). On the other hand potential
undermreporting in the ATHENA project may be responsible for the low incidences of skin
rashes and hepatitis observed in our study.

Cur study was not primarily aimed at assessing the differences in adverse events
after switch. Nevertheless, despite the comparable number of adverse events in both
groups, the number of discontinuations in the NVP-group was significantly lower, suggesting
relatively better folerance of NVP-based second-line regimens. On the basis of the available
data on the ATHENA cohort it was not possible to examine improvement of lipodysirophy as
descrinbed elsewhere {19).

Possible limitations of cobservational siudies concern potential bias and
confounding. Since we did not have data on the actual severity of adverse effects, we
cannot exclude the effect of confounding due to the absence or presence of a simpler
alternative (or @ new class of antfiretrovirals) to the regimen on which intolerance is
experienced. The observed difference in the rate of treatment discontinuations mignt

partially reflect different switching behaviour in both freatment groups. If this bias indeed
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plays a role, the results imply that the presence of an alternatfive in addition to the presence
of adverse effects is a risk factor for freatment switches.

We agimed to create g homogeneous study cohort with respect to the reasons for
changing therapy by limiting the cohort to patients with viral suppression at the time of
switch. As a resull, the reasons for changing to a certain regimen were assumed to be
unrelated to the risk of reatment failure. Yet there were important differences between
patients who substituted NVP for Pls and patients who switched to a second-line Pl. For
example, the propertion of patients freated with NRTIs prior to starting the first Pl was lower In
the NVP-group. NVP propably is prescribed less frequently to NRTl-experienced patienis
since they have a potential for viral resistance to NRTIs as a result of which they are less likely
fo have a sustained virolegical response to NVP (20-22). Furthermore, the duration of the first
Pl-containing regimen was longer and the type of antiretrovirals used in the first regimen was
different. The risk profile for virclogical failure of patients who substituted NVP for Pls therefore
seemed more favourable. We were, however, able to adjust for those factors that were
associated with both the treaiment group and treatment failure and for the reason for
freatment switch in a multivariate analysis.

Finally, we compared switfching to NVP with a variety of switches behtween Pis, The
types of switch used as a reference included switching fo ancther type of PI, switching to c
dual Pl regimen or switching from dual fo a single Pl regimen, changing $QV formulation
and changing the Pl dose frequency, The resulting treatment regimens were believed fo be
effective in earlier documented studies [23-28). However, in order to exclude the potenticl
negative influence of any of these switches, we also compared switching to NVP with each
single type of switch and individual type of Pl. These sub-analyses did show similar results
across all types of switch.

In conclusion, this study showed that under everyday circumstances, second-line
Pls had a poorer performance than NVP with respect to tolerability in particular, as reflected
in a higher rate of freatment discontinuations. For patienfs who have achieved viral
suppression on the first HAART regimen, replacing Pis by NVP appears t¢ be safe in terms of
treatment endurance and therefore may improve the likelihcod of long-term adherence
and viral suppression. Further sfudies are needed fo explore the benefits of swifching fo
other NNRTIs such as efavirenz.
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Determinants of recurrent toxicity-driven
switches of highly active antiretroviral therapy.
The ATHENA cohort.



Chapfer 4.2

Absfract

Background: Toxicily is the most important reason for premature switching of highly active
antiretroviral therapy [HAART). In order fo optimise the benefit-risk ratio of HAART, guidelines
for toxicity-management are needed.

Objective: We conducted an cbservational cohort study to estimate the incidence and
identify determinants of toxicity-driven switches on second-line HAART after having switched
first-line HAART despite successful viral suppression.

Methods: We selected all patients from the ATHENA-cohort (n=247Q), who switched the
initial HIV-protease inhibitor (Pl) confaining HAART while plasma HIV-1-RNA was € 500
coples/mL (n=775). One-year cumulafive incidences of subseguent toxicity-driven switches
and adjusted relative risks [RR) for potential determinants were calculated.

Results: The one-year cumulative incidence of toxicity-driven switches of the second
regimen was 24% {95%C1:21-28), mostly because of gasiro-intestinal toxicity and neuropathy.
Those who had switched the first HAART due to toxicity, were ot an increased risk of a
recumrent toxicity-driven switch (RR:2.5, 95%C1:1.7-3.5). Switching from Pl to nevirapine while
continuing the cther antfiretrovirals was more protective against a subsequent switch
because of further toxicity than changing to ancther Pl-containing regimen (RR:0.2.
95%C1:0.1-0.4).

Conclusions: As for firstHine HAART, toxicity remains responsible for the majority of switches
during second-line HAART. Prior switching for toxicity increases the risk of having to switch the
subsequent regimen for foxicity, but this risk is reduced when switching to nevirapine rather
than to an alternciive PL The latter should be taken into account when designing Toxicity-

management guidelines.
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Infroduction

The burden of toxicity resulting from highly active antiretroviral therapy [HAART) is of
concermn, as it constitutes a threat to sustained success of HIV freatment {1, 2). The high
frequency of toxicity (3, 4) results in a high rate of freatment switches (5-7). In fact, 44-58% of
switches on initicl HAART regimens and 56% of switches on subsequent regimens have been
attributed to toxicity, which makes toxicity the most important reason for premature
switching of antirefroviral freatment (4, 8, ). The impact of foxicily on the benefit-risk ratio of
HIV treatment may become even more pronounced as sustained virolegical suppression
becomes more feasible due to the availability of potent anfiretroviral regimens (10-12).

Obvicusly, risk factors for developing HAART-associated toxiclty include the specific
antiretroviral drugs used. (10). However, underlying cenditions and patient characteristics,
including pharmacokinetic parameters such as high drug absorption. low distribution
volume and low metabolic clearance. may cause incregsed susceptibility to toxic effects of
cerfain classes of drugs (13-16]. Accordingly, patients who switch firstine HIV-protease
inhibitor {Pl)-containing treatment because of toxicity are at an incregsed risk of a similar
switch on a subsequent Pl-containing regimen (8). As yet there is no information to suggest
that switching to another class of drugs can reduce this risk. In addition, information on the
influence of other factors on the risk of recurrent toxicity-driven switches is scanty, despite
the high incidence of such switches.

We conducted the present study within the ATHENA cohort to estimafe the
incidence of freatment switches because of foxicity in o population of patients who had
switched first-line Pl-containing HAART despite successful viral suppression. In order to obtain

mere insight inte toxicity-driven switches, we identified determinants of the renewed need o
switch freatment.

Patlients and methods

Sefting

The ATHENA-cohort is o multicentre clinical cohert of HIV-infected individucls in the
Netherlands, who are or have been treated with one or more antfiretroviral medications that
became genercally available as of July 1996 (lamivudine, stovudine, the Pis and non-
nucleoside reverse transcriptase inhibitors). All 22 Dutch hospitals that provide frectment to
HiV-nfected patients participate in this cohort study, with approval of their local ethical
committees. Patlient enrolment, for which informed consent is obtained, effectively started
in May 1998 and continues to date.
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According fo the national guidelines for HiV-freatment in the Netherlands, patients
receiving anfirefroviral freatment visit the outpatient clinic ot approximately three-monthly
intervais for reguiar follow-up [17). Data for the ATHENA coheort are cbstracted by tregting
physicians and frained research assistants from medical records onto standardised forms.
This is done refrospectively for the period prior to having obtained participants’ informed
consent, and prospectively thereafter. The resulting dotabase contains anonymous
information on patient characteristics (eg. age. gender, date of birth, dafe of death, height
and weight), MivV-infection (eq. HIV-type, HIV-related events, route of HIV-transmission, CD4-
cell count and plasma HIV-1 RNA load). detgiled tregtment daota [eg. antirefroviral and
prophylactic medications against opportunistic infections, dose frequencies, start and stop
dates and reaqscons for treatment switch) and adverse events. Adverse events recorded
include certain drug-associated events, which are pre-printed on the data collection forms
{e.g. hepafifis, lipedystrophy, nephrolithicsis, neuropathy) and which are recorded at the
discretion of the treating physician. In addition other events resulting in a treatment switch,
as wel as laboratory values outside pre-specified ranges are recorded. Reagsons for
freatment switch cre cotegorised into mutually exclusive groups., consisting of toxicity
{refering 1o the adverse event(s)), treatment failure (increase in viral load and/or decrease
in CD4 cell count, and/or clinical disease progression). patient request, pharmacological
indication, dose escalation, other {with specification} and unknown. Treating physicians are
requested to indicafe a single primary reason for the switch.

Study cohort
The source population for the present study comprised all-patients who started a first HAART
regimen, consisting of af least one HIV-profease inhibitor [Pl} and two nuclecside analogue
reverse franscriptase inhibitors (NRTIs) or the combination of ritonavir and saquinavir, with or
without stavudine as used in the Prometheus study {18}, The curent study cohort included all
patients from the source population who had a switch of their first Pl-containing HAART
regimen without having virclogical failure, in order to select a population of pafients for
whom foxicity was of a potential concem. Te gchieve this we excluded patients in whom
plasma HIV-1 RNA at the time of freatment switch was above 500 copies/mL. In addition, we
excluded patients for whom treatment data were missing, no information on a subsequent
regimen was available, or whose treatment was inferrupted for more than seven days, in
order fo reduce the chance of an Increased viral load being present at the start of the
second-ine HAART regimen.

The date of switch of the first HAART regimen was considered s the baseline datfe

for the curent cohort study. Switches were defined @s any change in compaosifion of the
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regimen, dose adjustments other than the standard dose escalations (coded as dose
escalation) or adjustments In freguency of administration of drugs.

The primary ocutcome measure was o texicity-driven switch, defined as a switch of
the second-line regimen due to toxicity, as indicated by the ireating physician. A secondary
outcome measure was switch of the second regimen for reasons other than toxicity. Follow-
up lasted from the date of switch of the first HAART regimen until the date of switching the
second regimen, the end of the one-year period, or the end of follow-up, whichever came

first, A one-year period was chosen to ensure an equal follow-up time for various regimens.

Statistical analysis
The cumulative incidence of a switch, while on the second-ine HAART regimen was
estimated by means of Kaplan Meier survival analysis. The proportion of patients with HIV-]
RNA > 500 copies/mL at the end of follow-up was calculated. Risk factors for toxicity-driven
switches were analysed by means of univariate and multivaricte Cox-regression analysis,
Factors included into the analysis were: calendar fime of switch, route of HIV-fransmission,
Centre for Disease Control and Prevention [CDC) classification of HIV-disease [classified as
C and non-C) (19). anfiretroviral treatment experience prior to the first HAART, duration of
the first HAART, CD4-celi count at switch, reason for switch and the fype of treatment switch.
As proxies for underlying conditions or characteristics we included age, gender, naticnality
(classified as Dutch or non-Dutch), body mass index and lean body mass. Al factors that
were univariately associated with toxicity-driven switch ot a p-vaive of 0.1 were included in
the multivariate onalysis. Subsequently we excluded variables from the multivariate analysis
in a stepwise manner if the p-value was above 0.1, Results were expressed as relative risks
(RR) with #5%-confidence intervals ($5%CI).

All gnclyses were performed using SPSS® for Windows® version 9.01 as the statfistical
software package.

Resulis

Among the 2470 pafients in the ATHENA dctabase who were available for analysis, 2096
[85%) used atleast one Pl with two NRTIs or a Prometheus-trial regimen [18) as the first HAART
regimen, and 1573 (75%) of ithese pafients had ever switched this regimen. From the
population of switchers we excluded 6946 (45%} patients because of an HIV-1 RNA level
above 500 copies/mL, 2 {0.6%) patients beccause of missing freatment data, 41 (3%) patients
because there was no information on a subsequent regimen, and 52 (3%) patients because

of a treatment interuption of more than seven days. Thus, our final cohort consisted of 775
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patients who entered the study between June 1996 and December 1999. The baseline
characteristics of the sfudy cohort are summarized in Table 1.

Table 1 Baseline choracteristics of the study cohort of patients who switched a first Pl-containing
HAART regimen without having virological failure (n=7735)

Characteristic Stugy cohort Toxicity-driven
{(n=775)2 switch second
HAART (n=142)
N (%)= N ()b
Gender Male 659 {85) 113 {85)
Female té {15) ad {15)
Age Median (IQR]) 40 (34-47) 39 (34-47}
Nationality Dutch 633 (88) 112 (85}
Cther 101 (14) 20 (15)
Route of HIV-transmission MSM 509 {66) 84 (59}
Other 266 {34) 58 {41}
CDC-C disecse Yes 272 {35) 49 [34)
classification No 503 {65) 93 [66)
ARV ngive at start first Yes 398 {(57) &2 [44)
HAART No 377 (49 80 (56)
Duration first HAART Median (IGR) 78 [3.4-159) 59 (3.0-14.7)
{months)
CD4-cell count af Median (IQR) 365 {195-550) 370 (180-558)
change (x104/1)
Reason for switch first Toxicity 270 (35) 77 (54)
HAARTS Fallured 51 {7) 7 (5
Patient request 16 (15) 13 It
Pharmacolegical indication 92 (12) 14 (10}
Other (specified) 157 (20) 20 {14)
Unknown 89 (12) 1 (8)
Type of switch
NRTl unchanged Pl{s) to other Pl{s) 185 (24) 44 [31)
Pl{s} to nevirapine 89 (12) 4 {3)
Dose/frequency Pl changed 108 (14) 15 {11)
Other change of Pl{s) 32 {4) 9 (8]
Pifs} unchanged® 169 {22) 28 (20}
NRTI changed Pl{s} to other Pi(s) 40 {5) 10 (7)
Pl{s) to nevirapine 24 [3) 4 (4}
Dose/frequency Pl changed 13 2 i {1)
Other change of Pi(s) 11 {1 2 1)
Pl{s) unchanged 104 (13) 23 (16)

ARV= antiretroviral; CDC-C= CDC disease classification C; HAART= highly active anfiretroviral therapy:

IQR= Inter Quartile Range: MSM= men having sex with men; NRTI= nucleoside anaiogue reverse

transcriptase inhibitor; NNRTI= non-nuciecside analogue reverse franscriptase inhibitor; PI= HIV-protecse

inhikiter

a  Within one year 373 patients had swilched the second regimen, 142 of whom for toxicity reasons

b Percentage of column tofal

¢ Asingle reason for change had fo be chosen from the following: texicity, patient request, tregtment
failure immunolegical.and/or virological.and/or or clinical), pharmacologicdl indication, other (with
specification) and unknown,

d Patients may have switched because of failure while HIV-1 RNA was below 500 coples/mL

e Includes dose frequency changes of NRTs and freafment interruptions shorter than 7 days

152



Risk factors for intolerance driven switches

The median date of cohort entry, Le. the date of having switched a first-ing HAART regimen,
was March 1998. The majority of patients were homosexual males of Dutch nationality with
median cge of 40 years. Most patients had asymptomatic or mildly symptomatic HIV-
disease with ¢ median CD4 cell count of 365 cells/mm3. Approximately half of the patients
were anfirefroviral freatment-experienced prior to inifiafing their first HAART. The most
frequent reason for switching the first HAART regimen (with HIV-1 RNA < 500 coples/mi) as
indicated by the treating physician was toxicity and the most frequent type of tfreatment
switch was replacement of Pls by ancther Pl without changing the NRTIs. The various Pis used
in HAART regimens are summarized in fable 2. The most common Pl and NRTi-cembinations
in both the first and second regimens were indinavir with zZidovudine and lamivuding {data

not shown}. The only NNRTI used In second-line regimens was nevirapine (n=122, Table 1}.

Table 2  Pls or NNRTIs used in HAART regimeans by patients who switched a first Pl-containing HAART
regimen without having virological failure (n=775)

Pl or NNRT: used First HAART Second HAART

N (7] N (%)
DV 248 132) 186 (24)
RTV 182 (24] 84 (1)
sav 212 (27 124 (14)
NFV ) 18 2) 66 )
IDV/RTV 7 0 20 3]
SQV/RTV 84 (1) 14 (15)
SQV/NFY 21 (3) 21 (3
NVP 0 Q) 113 [15)
Other 3 (0.4) 13 2)
No Pl or NNRTI 0 {0) 34 [4)

IDV=indinavir; NFV= neffinavir; NNRTI= non-nuclecside anclogue reverse transcriptase inhibitor; NVP=
neviraping: Pl= HIV-protease inhibitor; RTV= rifonavir SQV= saquinavir

Incidence of toxicity-driven switches of the second HAART regimen

Within one year 373 {48%) patients had a switch of the second regimen, with toxicity being
the most commen reason (n=142) (Tables 1 and 3). Takle 3 summarizes the incidence of the
different reasons for switching second-line HAART, as well as the detectability of HIV-1 RNA
(below of above 500 copies/ml}) at the end of follow-up. The one-year cumulative
incidence of toxicity-driven switch on second-line HAART was 24% ($5%Cl: 21-28). The overall
one-year cumulative incidence of switching a second-ine HAART regimen was 53%,
indicating that approximately half of the switches were atfricutable to toxicity. Switching
treaiment for toxicity usually did not coincide with virological faiture.
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Table 3 Reasons for switch of the second HAART regimen with one-year cumulative incidences and
last HIV-1 RNA among patients who had switched the first HAART regimen without having
virological failure (n=775)

Reason for switch of the Hiv-1 RNA ct end of follow-upa One-year
seccnd HAART Total Missing <500 >500 cumulative
copies/mL  copies/mL incidence?
N (%} N (%) N %) VA (?5%CH)
Not switched n=402 1 (0] 352 (88) 49 (12) - -
Total switched N=373 45 {12) 259 (69) &9 (18) 53 [49-56)
Switched due toc:
Toxicity n=142 17 (12} 113 (80) 12 {8) 24 (21-28)
Failure n=53 g (i7) 5 (?) 39 {(74) " 8-13)
Patient request n=40 3 (8) 30 (750 7 (18) 8 (5-10)
Pharmacolegical Indication n=24 2 8) 21 (88) 1 {4) 5 (3-7)
Cther n=76 & 18] 64 [84) 6 i8) 14 {(11-17}
Unknown n=38 8 21 28 68 4 11} 7 (5-9)

95%C)= 95%-confidence interval; HAART= highly active antiretroviral therapy

a  Follow-up ended af last data delivery, end of one-year period or switch of the second regimen,
whichever came first

b FAgures have been esfimated by means of Kaplan Meier survival analysis

c  Within one year 373 patients had swifched the second regimen due 1o varicus reasons. Physicians
have to indicate the primary reqsons for switch as toxicity, patient request, treatment failure
{immunological, virological or clinical), pharmacological, other (with specification) and unknown.

In a sub-group analysis among patients who had switched the first HAART regimen due fo
toxicity (n=270). 77 [representing more than 10% of the current study cohort) subsequently
had another fexicity-driven switch. The one-year cumulative incidence of such subseguent
toxicity-driven switches was 37% {95%Cl: 30-44), indicafing a higher risk of switching for
toxicity for patients who had previocusly changed frectment likewise as a result of toxicity
compared to patients whe had not {Figure 1).

Factors gssociated with foxicity-driven switches of the second HAART regimen

After univariate analysis and stepwise multivariate analysis, four factors were identified
which were associated with foxicity-driven switching of second-iine HAART [Tatle 4). First, we
observed a risk reduction over calendar time, Second, women appeared to have a higher
rfisk of toxicity-driven swifches than men. Similarly, patients who switchad the first HAART
regimen due to foxicity relative to patients who switched due to other reasons had ¢ 2.5-
fold increased risk ($5%Cl: 1.7-3.5) for toxicity-driven swifch of the second regimen. Finally,
among the varous types of switch, switching from P! fo nevirapine without changing the
NRTIs appeared to be protective against a subsequent switch for toxicity reascns [adjusted
RR: 0.2, 95%CI: 0.1-0.6). Conversely, switching from Pl fo nevirapine with a concomitant
change of NRTIs was not protective. Within the sub-group of patients who previously
switched first HAART due to toxicity (Table 4, column 3). swifching to nevirapine without
changing the NRTls was equally protective, whereas swifching fo nevirapine and
concomitanfly changing NRTIs fended to increase the risk.
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Figure 1 Probability of foxicity-driven switches of the second HAART regimen in relation to the reason for

having switched the first HAART regimen

Figure shows the probability of foxicity-driven switches of the second HAART regimen
according to the reason for having switched the first HAART regimen. Patients who switched
the first regimen due to toxicity (solid line) had a higher probability than potients who switched

the first regimen for other reasons {oroken line).

Table 4  Risk factors for foxicity-driven switch on the second HAART regimen for patients who had
switched the first HAART regimen without having virclogical failure (n=775)

Risk factor Multivariates First HAART switched
for toxicity (n=270)
RRadj  95%CI RRad]  95%CH
Calendar time of switching first HAART Per month 0.98 (0.9-0.99) 0.97 {0.9-1.0)
Gender Male 1 1
Female 1.7 (1.1-2.8) 1.6 (0.9-3.0)
Switch first HAART due to toxicity Ne 1
Yes 2.5 {1.7-3.9) - -
Type of switch
NRTI unchanged Pl{s) to other Pl(s) 1 1
Plfs) to nevirapine 02 (0.1-0.8} 0.2 {0.1-0.8)
Dose/frequency Pl changed 08 (0.4-1.5} 1.1 0.42.9)
Other change of PI 14 {0.7-2.8) 14 (0.6-3.5)
PI{s} unchanged 0.8 {0.5-1.2} 1.0 (0.5-2.0)
NRTl changed Pi(s) fo other Pl{s) 0.9 {0.4-1.8) 0.9 (0.4-2.9)
PI{s] to neviraping 1.5 {0.6-3.7) 2.6 0.9-7.3)
Dose/frequency Pl changed 0.3 (0.0-1.8) 0.4 0.1-2.9)
Other change of PI(s) 0.8 {0.2-3.2) 1.4 0.3-5.9)
Pl{s} unchanged 0.7 {0.4-1.2) 0.8 {0.4-1.5)

95%Cl= 95% confidence interval; ARV= antiretroviral; freq.= frequency; HAART= highly active
antiretrovird therapy, MSM= men having sex with men; NRTI= nucleoside reverse franscriptase inhibiior;
NNRTI= nen-nucleoside reverse franscriptase Inhibitor; Pl= HIV-protease inhibitor; RR= relative risk; RRadj=

adjusted relative risk

o Adjusted for all other variables in the table, which were dli associated with switch of the second
regimen due fo toxicity af a p-value of 0.1 in the univariate anclysis
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Body mass index and lean body mass as well as other baseline characteristics, such as
nafonglity, route of HIV-fransmission, anfiretroviral treatment experience prior to first HAART
and durafion of first HAART did not significantly influence the incidence of toxicity-driven
switch con the second regimen (data not shown). Strafification by hospital, in order fo
explore whether results may have been influenced by being under the care of a specific

freatment centre, did not alfer the conclusions {data not shownj.

Types of foxicity leading fo toxicity-driven switches

Table 5 summarizes the different types of clinical toxicities, which were specified @5 the
reason(s) for switching treatment. No significant difference in the distribution of toxicities was
cbserved between inifial and subsequent HAART regimens. For both the first and second
regimen, the most commeon types cf foxicity resulting in a frectment switch were gastro-

intestinal events and peripheral neurcpathy.

Table 5 Types of toxicity leading to freatment switches on first- and second-ine HAART regimens

First HAART Second HAART Both first and second

(h=270) n=142) HAART (n=77)
Event description® N ()P N (%)= N (7=}
Gastro-intestingt 100 (37) 53 (37) 19 (34)
Peripherai neuropathy 34 (13) 17 {12} 6 (35)
Hoematological 30 (1) 1 18) 3 (27)
Renal 18 7 10 71 3 {30)
Malaise 18 {7 ¢ (6) 1 1)
Lipodystrophy 14 (5) 6 4 0 )
Hepatological 1 {4) 8 {6) 1 3
Ear Nose and Throat 10 {4) 4 (3 1 [25)
Hyperlipidemia 8 (3) 2 (1) 0 (o)
Muscule-skeletal 7 {3 2 (1) 0 [G)
Dermatological 5 (2) 1 Y 0 Lo}
Pancrectifs 3 {1 3 2 2 [&7)
Clabetes mellitus 1 {0.4} 1 (1) 1 f100)
Miscellaneous 4 2) 7 (5) 0 {®)]
Missing 27 (10) 16 1y 4 (25)
Discontinuation due to - (-] 4 13) - -]
decth

HAART= highly active anfiretroviral therapy

a Descriptions are based on the body-system in which the event occurred; patients may have more
than one event

Percentage of patients who switched first HAART due o texicity (n= 270)

Percentage of patients who switched second HAART cue 1o toxicity (n= 142)

Percentage of patients who switched both first and second HAART due te this toxicity (column 3)

0o

After having switched the first HAART due fo gastro-intestinal toxicity (n=100), the one-year
risk of a recurrent foxicity-driven switch due to gastro-infestinal toxicity was 26% [$5%CI: 15-
37%). representing a 5.1 ($5%CI:2.1-12.1) fold increased risk relative to patients who switched
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the first HAART due to other toxicity reascns [n=170}, OQut of 100 patients who switched the
fist HAART for gastro-intestinal toxicity reascns, 22 patienfs switched to NVP without
changing NRTIs. Only cne of those had a recumrent switch due to gastro-intestinal toxicity on
the second regimen, suggesting a genercl improvement of gastro-intestinal toxicity among
patients who switched to NVP,

After having switched the first HAART due to neuropathy, the one-year risk of
another foxicity-driven switch due 1o neuropathy on the second regimen was 21% (95%Cl: 5-
37%) vielding a RR of 12.8 ($5%Cl: 3.2-51.3) compared o patients who switched the first
regimen due to other toxicity reasons. The small number of patients did not allow «
distinction between the fypes of switch regarding the risk of neuropathy driven switches on
the second regimen.

Differenfiating between those who concomitantly changed NRTis during the first
switch and those who did not, resulted in relative risks for a recurent swifch due fo
neuropathy on the second regimen of 8.2 [95%Ci: 1.5-45.1) and 19.2 (95%Cl: 1.7-212.7} for
these two groups of patfients respectively. These results suggest that changing the NRTIs
along with Pis can reduce the risk of a neuropathy driven switch. The fact that recovery from
neuropathy is a time censuming process might explain that the increased relative risk did
not disappear.

Discussion

In this cohert study, more than half of the patients who switched initial treatment for reasons
other than virological failure again switched freatment within one year. Toxicity accounted
for appreximately half of these second switches and mostly involved gastro-intestingl events
and peripheral neurcpathy. In line with previous reports, patients who switched a first HAART
regimen for reasons of toxicity had a greater than two-fold increased risk of a subsequent
switch because of toxicity {8). Thls Implies that a subgroup of patients may exist, including ot
least 10% of cll patients, who are parficularly prone fo the development of HAART-
associaied toxicity. There was a slight reduction in risk of foxicity-driven switch over calendar
fime, which may reflect improved toxicly management as the experience of @ physician
avolves.

The proportion of toxicity-driven switches has previously been reported fo be high
for both first-ling [26% within one year) (5, é) and second-ing Pl-conigining HAART regimens
(33% during a median of 483 days) (8]. These findings however were based on the first
regimen only and a relatively small single-centre patient populafion. In ¢ much larger and

rmuiti-centre patfient sample, we observed a 24% one-year cumulative incidence of
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switching second-line regimens for toxicity. This figure may be slightly higher than for the
entire population on second-ing HAART, given that patients were selected who had a prior
switch of treatment in the absence of virclogical failure, and therefore may have been at
potentigily higher risk of ¢ subsequent foxicity-driven switch. However, selecting such g
population allewed us to investigate various fypes of switch including switches between
classes of antiretrovirals, without the choice of subsequent regimens being influenced fo
any important extent by concerns of antiviral potency and cross-resistance between drugs.

An interesting observation was that switching to nevirapine, without concomitantly
switching the NRTIs, was associafed with o five-fold lower risk of a subsequent toxicity-driven
switch. The favourckle effect of switching to nevirapine has been described before, albeitin
small series of patients with a limited follow-up or o limited reference group (20-23).
Unfortunately, we were not able to study the effect of switching fo ofher NNRTIs, such as
efavirenz and delavirdine, since these drugs were not licensed in the Netherands during the
period covered by our curent analysis. Remarkably, combining the switch fo nevirapine
with a change in concomitant NRTIs, annihilated the advantagecus effect of switching to
nevirapine, possibly indicating the addifional toxicity of the newly introduced NRTIs. None of
the other types of switch, including switching between different Pls and changing NRTIs at
the same time., significantly influenced the risk of a subsequent foxicity-driven switch.

No associations were found between lean body mass or body mass index and the
incidence of freatment switch for foxicity, suggesting fittle influence of distribution volume on
toxicity risk for any of the drugs. Toxicity-driven switches occurred inciependently of patient
nationality, which might suggest that cultural differences do not play a majer rele, but this
association needs further substantiation. Women seemed to be more susceptible to toxicity.
This may be atfributable to sex-dependent pharmacokinetics or adherence leading to
higher plasma concentrations of Pls In particular (24}, Alfernatively, women may be more
sensitive to toxicity or report toxicity more easily than men, resuliing in a reporfing bias.

Since this was an cbservational cohort study, results may have been confounded.
For example, as guidelines for switching primarily focus on virological failure rather than
toxicity (12, 17, 25), the decision to switch and how to switch was dependent of the treatfing
physicians. They were qlso oasked to indicate the primary reason for switching. As a
conseguence the cbserved effects for the type of switch might in fact have been
confounded by physician’s preference. However, strafification by hospital did not aifer the
results, which 7o some extent reduces the likelihood of physician confounding. As we were
able to adjust for the potential confounding effects of other determinants for toxicity-driven

switches, the effect of residual confounding is assumed e be minimal,
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Risk factors for intolarance driven switches

In conclusion, toxicity continues to be g cause of major concern in the treatment of

HIV-1 infection. It was deemed responsible for the majority of recumrent treatment switches

among patients who had initially switched first-ineg HAART while having recsonable virus

suppression, parficularly ameng patients who had aqlso switched their first-line HAART for

toxicity. Switching to nevirapine rather than to an alternafive Pl, without concomitanily

switching the NRTIs, was associated with & significantly lower risk of again having to switch

the new regimen for foxicity, even in patients with prior foxicity. These findings may provide

guidelings for how to minimize the risk of renewed toxicity when managing patients with
toxicity during Pi-based HAART.
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Chapter 5

The overall objective of this thesis was to provide more insight into the risk of adverse effects
during tfreatment with HiV-protease inhibitors under everyday circumstances. Within the
scope of this objective the incidence of renal complications of the HIV-protease inhibitor
indinavir were studied as well as the risk factors and consequences. Also, the incidence of
and risk factors for clinically diagnosed lipodystrophy, an clleged adverse effect of HIv-
protease inhibitor freatment, were examined. In addition. we investigated whether
switching to an HIV-protease inhibitorsparing regimen might be favorable in terms of
regimen consistency and viral suppression. Finally, we evaluated the impact of freatment
intolerance on treatment continuity.

In this chapter, the main findings and limitations of the thesis will be discussed and
the results will be put info perspective. First, however, relevant developmenits in the five
years following the infroduction of the HIV-protease inhibitors are described.
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General discussicn
Five-vears of experience with HIV-protease inhibitor freatment

In July 1994, the HIV-protease inhibitors were introduced to the Dutch market ot an
unprecedented speed. Therefore, extensive research on safety and effectiveness had to be
done in the post-marketing sefting. Typical problems of HIV-protease inhibitor treatment,
which were expected fo jeopardise freatment success included complex freatment
schedules, drug Interactions via cytochrome P450 (1-3) and abundance of adverse effects
(4-6).

Tregtment success

Notwithstanding the anficipated problems, the new antiretroviral freatment modalifies
involving HIV-protease inhibitors turned HIV-infection info @ manageable chronic condition
as illusirated by a dramatic decrease in HIV-related merbidity and mortality (7-9). Similar
frends were observed in the Dutch treated HIV-infected populafion described In the final
ATHENA report (10). As there is, however, no prospect of eradication of HIV with cumrently
avallable anfirefroviral agents, freatment needs to be life-long (11-14). In fact, HIV-infection
continues to be a potentially life-threatening condition as disease progression can occur
rapidly 1f treatment is sub-optimal or plasma drug concenirations are sub-thergpeutic (17-
19).

Changes in treafment schedules
Waning adherence is a known problem for chronic tfreatments (20-22). A sub-analysis within
the ATHENA cohort showed that only half of the pctients fully adhere to treatment
instructions (23). Until the amival of easier treatment regimens, professional support tailored
fo the individual patients' needs is probably the best safeguard against poor cdherence
(24).

mMost changes within the curently avaiable freatment moddlifies have been
directed ¢t treafment simplification and toxicity reduction, An important development
regarding treatment simplification has been the use of the cytochrome P450 dependence
of HIV-protease inhibiter clearance for pharmacokinetic manipulation of plasma drug levels,
such as the boosting of indinavir or saguinavir plasma levels by rifonavir (25-35). Hence,
regular freatment schedules can be given fwice daily instead of three fimes daily and many
food restrictions can be dropped.

The amrival of non-nuclecside analogue reverse franscriptase  inhibitors, lke
nevirapine and efavirenz, in 1997 provided further means for freatment simplification (36,
37). These agents exert strong anfiretroviral activity (38, 39) but generally have ionger half-

fives than HIV-protease inhibitors allowing for twice daily or even once daily dosing,
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Interactions between HivV-protease inhibitors and concomifant drugs
A high impact of drug interactions with HiV-protease inhibitor freatment was expected
because of the involvement of the cytochrome P450 system in the metabolism of HIV-
protease inhibitors (1, 4, 40, 41). Tabulated lists of potentially hazardous combinations and
conira-indicated medications often based on theoretical interactions were developed fo
assist treating physicians in cheosing the right freatment combinations.

in due course, however, the imporfance of interactions decreased with the
reduced need for concomitant treatment (9). Mcrecver, growing experfise with Hiv-
protease inhibitfor plasma concentrafion measurements faciitated the ‘safe’ use of

concomitant therapies in which the cytochrome P450 system might play ¢ role.

Adverse effects reported during the use of HIV-profease inhibifors

Regarding the safety of HiV-protease inhibitors, & large number of published case-reports
about cdverse effects ilustrated some of the risks involved in using HiV-protease inhibitors
[Table). Several observational studies showed a mgjor impact of adverse effects on
freatment continuity (42-46).

A sofety issue, which received much attenfion in the litercture, was renal
complicatiens of indinavir treatment. Preregistration sfudies had recognized nephrolithiasis
as a characteristic adverse effect of indinavir (47, 48), but the severity and frequency of the
complications appeared fo be different under everyday circumstances [49-52).

Probably the most important finding during post-marketing of HIV-protease
inhibitors was  the lipodystrophy syndrome and s associated disorders, such os
cardicvascular complications {53, 54). Clinical trials had failed t¢ idenfify this adverse effect
despite s high prevalence. This was ot varicnce with the perceplion of experts of the
infreduction in July 1994, when many had the opinion that all adverse reactions of Hiv-
protease inhibitors were already known, and dlusirates the importance of post-marketing
surveillance.

A lkely explanation for the fact that lipodystrophy was not detected in clinical tfriais
is its gracual onset and refaiively long induction and latency period. Although lipodystrophy
showed a clear temporal association with the intoduction of HIV-protease inhibitors,

definite causal iink has not yet been established.
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Table

Adverse effects of HIV-protease inhibitors reported in cose reports and case series in the literature
Category adverse effects descriptions suspected ontiretroviral drugs involved Relevant co- references
factor
Musculo-skeletal Acute monoarthiitis, arthalgiat+cryoglobulinemic Indinavir, BIV-protease inhibitors hepatitis C {79, 80}
Ostecnecrosis, ostecporosis, pathological fraciures HIV-protease inhibitors, saquinavr, {81-85}
indinavirtlomivudine+stavudine
Frozen shoulder indinavir, indinavirtlamivudine+stavudine {86-88)
Breasts Breast hyperirophy, gynaecomastia indinavir, HiV-protease inhivitors, HIV-protease {89-95)
inhibiters+stavudine, indinavir, saguinavir
Fat metabolism Buffalo hump HIV-protease inhibitors (96, 97)
Adipose fissue hypertrephy, pemia retinalis, HIV-protease inhibitors, indinavir, ritonavir (53. 69. 70, 72,
lipodystrophy, lipomatosis, protease paunch, pseudo 73,98-108)
Cushing's disease, strice, subcutaneous lipomas
Metabolic biabeles or glucose abnommdlities, hypertrigiycerermia,  HIV-protease inhibitors, nelfinavir, indinavir, {109-121)
hypercholesterolemia, ketoacidosis, mifochondrial and  ritonavir, saguinavir
peroxisornal dysfunction
Cardiovascular Anglolipemaiosis, bradycardia, coronary crfery disecse, indinavir, neifinavir, HIV-protease inhibitors, {122-133)
intestinat infarction, myeocardiot inforction, sudden ritonavir
cardiac death, other vascutar complications
Coagulation Haemolysis, haemorrhage, platelet dysfunction, indinavir, amprenavir, HIV-protease inhibitors, Warfarin {134-144)
thrombecytopenia ritanavir, nelfinavir, saquinavir
Urologicol Crystalluria, urclithias ond nephrolithiasis, interstitial Indinavir [55-59, 63, 147-
nephritis, renat atrophy 168)
Renal acuie renal failure, anuria indinavir, ritonavir, fifonavir+saquinavir {60-62, 44, 45,
169-175)
Hepatotoxicity anoxic hepatic necrosis, toxic hepatitis, porial vein indinavir, ritonavirtsaguinavir, (176-183)
thrombesis ritonavirtzidovudine, rifonavir
Hypersensifivity rash, Stevens-Johnsan syndrome, urticara HIV-protease inhibitors, indinavir, nelfinavir (184-190)
Immune Exacerbation viral hepatitis, MAC infection actlivation,  HIV-protease inhibitors, (121-197)
reconstitution progressive mullifocal leukoencephalopathy indinavirtlamivudine+stavudine, indinavir,
ritonavirtlamivudine+siavudine
Nalls Ingrown toenails, paranychic indinavir, lamivudine {198-202)
Pancreatitis Acute pancreatitis nelfinavir, itonavir {203-205)
Miscellaneous Pis  Alopecio, Graves' disease, campal funnel syndrore, HIV-protease inhibitors CMV (206-214)
hyperaestesia, iren overioad, panniculitis, respiratory
failure, uveitis, vitrtis
Galactorrhoeathyperprolactinaemia HIV-protease inhiitors, nevirapine [215)
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Category

adverse effects descriptions

Cheifitis, focal mycobacteral lymphadenitis, hair loss,
mood changes, leucocyloclastic vasculitis,
maculopapular eruption, porphyria, uveitis

Neuropathy, normatisation von Wiflebrond, oesophagitis
Herpes Zoster, hypermenorhea, maculepapular
eruption, myasthenia gravis

Gout

suspecied antiretroviral drugs involved Relevont co- references
facter

Indincvir {216-222)

Nelfinavir (223-225)

Ritenavir (226-229)

Ritonavirtdidanosine {230)
Mucosat Kapost's sarcoma, renin-angiofensin inhibition  Ritonavirtsaguinavir Overdose {231, 232}
Acute poronoid reaciion, photosensitivity sagquinavir {233, 234}
ddl= didanosine; IDV= indinavir; NFV= nelfinavir; NVP= nevirapine; Pl= BIV-protease inihibitor; RTV= ritonavir; $QV= saquinavir
glomerular
filtrate
prosimal distal coflecting
399 tubule fu!e duct
indinavir g : f ac .
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Figure 1

Indinavir crystal retideved from urine
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General Discussion

Main findings of this thesis

indinavir associated renal complications (chopter 2)

Renal complications forrn an imporiant treatment-limiting effect of indinavir {47). Apart from
causing freaiment switches, forms of renal injury, such as inferstifial nephritis (55-57), renal
afrophy (58, 59). renal failure (40-66) or. as described in this thesis {chapter 2.1), papilary
necrosis {67) may have serous consequences [chapter 2.1). The onset of Indinavir
nephrotoxicity can be insidious particularly in children. Two out of five children, frected with
indinavir at the Sophia children’s hospital In Rofferdam and presenting with persistent
leukocyturia without overt symptoms, appeared to have congested kidneys associated with
renal cortex afrophy on ulfrascund (68). Leukocyiuria disappeared and rendal structures
recovered rapidly upen indinavir withdrawal.

The first nephrotoxicity study (chapter 2.2} involved a small case series of patients
with urological complaints from the Erasmus university Medical Centre. Plasma indinavir
concenfrations of patients with complaints were on average 2.4-fold higher than plasma
indinavir concentrations of patients without complaints from the University Hospital
Nijmegen. Hence, it was suggested that indinavir-associated urclogical complaints are
asscciated with high indinavir plasma concenirations

The second study [chapter 2.3} describes a population-based cohert study canied
out within the ATHENA cohort, which confirmed that urological symptoms are specific for
indinavir. The incidence of urclogical symptoms (renal colic, flank pain, gross hematuria,
renai failure, nephritis) among indinavir using patients was §.3% within the first year of
Treatment, which is twice as high as reported in clinical trials {47). Risk factors for urclogical
symptoms during indinavir freatment were: viral suppression (indicctive of adequate or high
indinavir plasma cconcentrations), low lean body mass (indicative of small distribution
volume), indinavir desing regimen of > 1000 mg bid (indicative of high Cmax), and high
environmental femperatures {proxy for reduced urine output due o excessive sweating).
These resuls are consistent with a cencentration dependent solubility problem of indinavir
causing indinavir crystal formation (Figure 1).

The third study (chapter 2.4] had an experimental design and was conducted fo
obtain more insight into the solubility problem underlying indinavir-associated renal
complications. The renal sites at which indinavir sclubility is exceeded and crystals may arise
was determined by simulating the normal physiological conditions in the renal system in in
vitre crystallisation experiments (Figure 2).

The risk of indinavir crystalisation appeared highest under the condifions
encountered in the loop of Henle. Assuming absence of re-abscrption and active secretion

of indinavir in proximai tubuli, indinavir crystals might already occur in the loop of Henie at
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plasma concentrations of 8 mg/L, which is the cverage Cmax reached with indinavir
regimens of 800 mg fid. As the conditions in the loop of Henle are not substantially
influenced by water infake, increasing water intcke (ie. dilufing urineg) as recommended for
patients with indinavir nephrotoexicity. might be insufficient, in parficular for patients with kigh
indinavir plasma concentrations. Therefore, beyond the present recommendations, plasma
conceniration-guided dose adjustment is worth considering in the future.

We performed prospective systemaiic monitoring of renal parameters to study the
prevalence of renal abnormaliies among adults (chapter 2.5) and children (chapter 2.6)
treated with indinavir. These studies demonstrated that indinavir nephrotoxicity can have an
insidious onset and may develop info sub-clinical renal failure. In the adult population, who
had been using indinavir for more than a year, the prevalence of nephrotoxcity presenting
as sub-clinical persistent sterile leukocyturia was 25%. The cumulative incidence of persistent
leukocyturia in children was 53% in approximately three years. Leukocyturic was associated
with high plasma indinavir concentrations, which confirms the findings of our previous
studies. Urine supersaturation may cause Indinavir crystal formgtion and a subsequent
inflammatory reaction. Although levkocyturia disappeared instanily upon  indinavir
discontinuation, the long-term risks of persistent leukocyturic during indinavir continuation
are unknown at present.

The lipodysirophy syndrome (chapter 3)

Lipodysfrophy is both a remarkable and disturbing adverse effect of antiretroviral treatment,
which was unknown at the time of licensing the HIV-protease inkibitors (chapter 3.1). The
syndrome was initially atiributed to Hiv-protease inhibitors in particular (54, 69-73} owing fo
the temporal association between HiV-protease inhibitor infroduction and develepment of
llpodystrophy. Later studies, however, added stavudine as a potential causal agent (74) or
even attibufed the effect on faf distibution to alleviaticn of metabolic stress. A
complicating factor for studies on causes of lipodystrophy, is the iong induction and latency
period during which patients may have received multiple freatment regimens.

Because of its clleged but unproven asscciation with HIV-protegse inhibitors, we
performed a retrospective cohort study within the ATHENA cohort (Chapter 3.2). This study
aimed fo identify risk factors for lipodysirophy. taking into considerction freatrment regimens
and changes of regimens. Stavudine-containing HAART regimens rather than indinavir-
containing regimens were identified as the most impertant risk factor for lipodystrophy.
Factors such as age, gender, baseline body mass index and immunologicat and virological
response also appeared fo play a role. Among the HIV-profease inhibitors, indinavir
appeared 1o be most evidently associated with lipodystrophy. put HIV-protease inhibitors in

general seemed to play a minor role. In conclusion, the data do net confirm a major role for
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HIV-protease inhikitors in the development of lipodystrophy and allecate a moare important
role for the nuclecside-andiogue reverse transcriptase inhibitor, stavudine. These dota
provide new clues for underlying (multi-factorial} causes of lipodystrophy and could help fo

direct further [prospective) research beth in vivo and in vitro,

Adverse effects and reatment switches {chapter 4)

Inagdequate adherence o anfiretroviral treatment regimens is a cause of concern. Apart
from the risk of waning mctivation cfter long-term freatment, complex schedules, large
quantity of pills, diet restrictions and bothersome or hazardous adverse effects continucusly
jeopardise adherence to HAART. Efforts to find suitcble freatment regimens taillored to
individual pofients’ needs or regimens with generally more favourable properties should
help fo improve adherence and freatment success. Unlike for virclogical failure {75-77),
guidelines on strategies for other reasons for switching are absent. We examined the impact
of switches performed in dally pracfice on treatment confinuity and the impact of
infolerance-driven switches on freatment continuity.

Antiretroviral  regimens with non-nucleoside anclogue reverse  franscriptase
inhibiters such as nevirapine and efavirenz, are relafively simple and exert few adverse
effects despite strong anti-HIV activity. These agenits might offer a solution for the problems
encountered with HIV-protease inhibitors.

An initial case series from the Erasmus universtity Medical Centre indicated that
patients who switched to a nevirapine-confaining regimen while having a low HiV-1 RNA
(<500 copies/mlL) were able to maintain viral suppression with less adverse effects (chapter
41).

Subsequently, we compared the incidence of freatment discontinuation and
virclagical failure between persons who switched either to nevirapine or fo o second-line
HiV-protease inhibitor despite: viral suppression in the ATHENA cohort (chapter 4.2). This study
failed to show & lower rate of adverse effects, but did show o 5-fold lower risk of having a
further switch or having virological failure in the nevirapine group. Swilches to non-
nuclecside andlogue reverse franscriptase inhibitors were therefore beneficial for freatment
continuity.

In the last study (chapter 4.3), we amed fo identify risk factors for foxicity-driven
switches within the ATHENA cohort. The most freguent reason for switching HAART appeared
to be gastro-intestinal complainis, such s naused. vomiting, diarhoea, and neuropathy
whereas lipodystrophy rarely caused treatment switches. In this cohort study we showed
that toxicity-driven treatment switches in daily practice often fail to resolve the probiems

and are soon followed by a further toxicly-driven switch. Switching o another class of
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antiretrovirals, such as nevirapine was, however, associated with less further toxicity-driven

switches and therefore seems worth considering for foxicity management.

Methodological considerations

The studies in this thesis were performed predominantly with prospective cbservational data.
The advantages and disadvanfages of observational studies ore well recognised.
Observational studies are often relatively cheap and tell us more about the actual use of
drugs than clinical frials. Observational studies with ongoing data collection can previde
quick clues to acute hedlth care issues. Studies performed with observational data,
however, have to deal with complex vaiidity issues such as bias and confounding.

In observationat studies with exposure and disease registies, informaticn bias is less
likely since the research objective was not known at the time of registry. The original purpose
of the registry and conditions for entfering the registry. however, may be o source of
selection bics. Mcreover, the large amount of data is usudlly achieved gt the cost of detail,
due to which it may be impossible o adjust completely for confounding factors. It can be
exfremely difficult to adjust for confounding by indication since the choice of freatment is
not random and the underlying reason for giving ¢ certain regimen is usually nof registered.

The limitations of each individual study in this thesis have been addressed in the
discussion sections of the study reports. Here we describe potenfial general shortcomings

pertaining to the chosen sfudy setlings.

The ATHENA cchort

The ATHENA cohort formed the socurce population for most of our studies. The ATHENA
project aimed to recruit cil pctients starfing on one of the new anfirefroviral agents,
including the HiV-protease inhibitors, non-nucleocside cnalogue reverse franscriptase
inhibitors and nucleoside analogue reverse franscriptase inhibitors. Extensive information on
antirefroviral frectment details, CD4 cell count and HIV-RNA load was collected as well as
details on adverse effects leading to anfiretroviral freatment changes or included in a list of
special adverse effects.

The purpose of the ATHENA project was fo determineg the ‘mplications of
introducing the new antiretroviral agents in July 1996 for the course of HiV-infection, public
health and HIV/AIDS health care as well as the costs and economic benefits. In addition,
the resulting database would serve as a source for several other, more specific studies. In
order to judge the generclizability and validity of results derived from the ATHENA cchort,
the reprasentativengss of the cohort and bias and confounding inherent to the design and

set up of the ATHENA project and observational nature of the registry are discussed below.
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Validity and generalizability of pafient selection

By the end of the year 2000, 3377 patients had been enrolled into the ATHENA cohort. They
represented  approximetely 70-80% of the freated Duich HIV-infected population
[Monitoring of Human Immunodeficiency Virus Type | (HIV-1) Infection in the Netherands)
(10). The selected population may not be enfirely representative of the Dutch HIV-infected
patient populction, since patients had to give written informed consent in order to be
included. This might have caused selection toward relatively heaithy patients, who were
able fo read and understand the Dutch or English language and wiling 1o sign consent
forms. Apart from limitations in generalizability, omission of certain patient types will lead to

selection bias only if it is done differentially for both freatment regimens and outcomes.

Validity and generalizabiiity concerns perfaining to method of data collection

The quality of information on antiretroviral freatment and disease progression is likely to be
high as these data are generally recorded very precisely In the medical records, The quality
of information on adverse effects, however, may be o potential source of misclassification
since case definiticns for the diagnoses (special adverse effects) on the ATHENA data
collection sheet are absent.

Physicians may fail 1o record cases that do not fully comply with the listed
diagnosis, but prompting of specific diagnoses may also lead o overreporting. As a
conseguence some inaccuracy has to be taken into account for incidence and
prevaience rate estimates of such outcemes. Furihermore, ambiguous reporting might
induce reporting bias in cohort studies and selection bigs in case-control studies if it is done
differenticlly for exposure.

Residual confounding remains a point of concemn due to absence of information
on a number of potenticlly important confounding factors {eg. smoking, sccic-economic
status, family history, medical history, concomitant drug use). Finally, time effects should
atways be taken info account in view of the rapid developmenis in the area of HIV/AIDS,
such ¢s the rapidly changing freatment regimens and the introduction of more sensitive Hiv-

RNA measurement fechnigues.

Validity issues in studies performed with the ATHENA ccehort

In the nephrotoxicity and lipodystrophy studies, participation rates for the ATHENA cohort
might have negatively affected the incidence rate estimates if patients suffering from these
conditions would be less likely to participate. Since data on non-participants are not
available we cannot verify the extent of o potential bias resulfing from selectlive
parficipation.
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Underreporting of cdverse effects could have suppressed the estimated incidence
rates, whereas diagnostic suspicion might have led fo an overestimation. Biognostic
suspicion was likely to be differential over fime because of the changing and strong
opinions regerding the causes of the adverse effects. For example. nephrotoxicity and
lipedystrophy were both considered as o conseguence of indinavir in parficular. We dealt
with this issue by restricting the study population o indinavir users for the nephrotoxicity
studies. Strafification for calendar fime solved time-dependent diagnosfic bigs In the
lipodystrophy study.

A potential bias we were unable to deal with adequately in the switch studies, was
the fact that avallability of cliernative treatment regimens may be different for different
inttial regimens. Suitability of alternative regimens depends on treatment history and current
freatrment. It is tempting fo conclude that class switches. such as swifches o nevirapine,
would benefit all patients with viral suppression on HiV-pretease inhibitors. However, since
we could not contro! for underlying reasons for switching to a certain regimen, such as for
exampie the availability of alternatives, our findings should be confimed in a randomised
study.

Perspectives and recommendations

Due to the infroduction of HIV-protease inhibitors on the Dutch market, the therapeutic arec
of HIV/AIDS has changed considerably. Apart from a substantial gain in survival, experience
with the new freatment entifies grew quickly. The developments of the past five years
resulted in a better application of HIV-protease inhibitor containing antiretroviral frectment
and a better patientf management.

Presently, adverse effects are responsible for the magjority of problems, which
accompany anfirefrovirgl freatment. These problems will have to be tolerated or dealt with
through effective toxicity management and prevenfative sfrategies. For this purpose, risk
factors and underlving patho-physiclogical pathways have fo be known and potfential
confrel measures have to be fested.

In our experience, data from the ATHENA cohort constfituted a useful resource for
performing  (pharmo-)  epidemiclogical studies on  indinavir nephrojoxicity and on
limodystrophy. Many other adverse effects might be studied this way.

Future studies on indinavir nephrotoxicity
Following the work of this thesis and considering fiterature reports, a number of issues
regarding indinavir nephrotoxicity remain to be elucidated in order to develop sfrategies,

which may cdeguately deal with this adverse effect.
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Therapeutic Drug Moniforing and guided deosing adjustment might be worthwhile
as an additional control measure for patients with abnormal renal parameters. First,
however, relevant pharmaccokinetic parameter(s) will have o be identified. This is especially
inferesting in view of the new ‘ritonavir boosted indinavir regimens’, which generate either a
higher Cmax or lower Cmax with higher area under the curve (AUC). Based on information
about relevant pharmacokinetic parameters derived from studies on the associction
between indinavir nephrotexicity and individual pharmacokingtic parameters, it may be
possible to identify patients at risk of nephrotoxicity early in freatment. Moreover, it may be
possible to test the hypothesis that indinavir crystals cccur already at plasma indinavir
concentrations of 8 mg/L.

HIV-protease inhibitors are given ot standard dosing regimens. Experience with
indinavir showed that this might cause overdosing and excess adverse effects in some
patients. Future studies on the impact of dose adjustrments on adverse effects and desired
effects may teach us that dose frequencies should rather be tailored to individual patients
in order to prevent unnecessary negative effects.

Future studies on lipodystrophy
This thesis had no intention of determining the causes of lipodystrophy since this is a subject,
which cannot be adequately sorted cut in an observational database without clear case
definitions. Using the observational databose of the ATHENA project, however, helped
understanding the coherence of potential risk factors for the syndrome even though the
underlying mechanism remains unclear. The risk of lipodystrophy was most clearly
asseciated with the use of stavudine and was hardly assoclated with the use of indinavir or
any other HIV-protease inhibiter. This raises the question whether the use of stavudine should
be aveided as much as possible.

ideally, causal factors for lipodystrophy are investigated in a prospective cohort of
incident users of anfiretroviral regimens, employing obiectlive and systematic lipodystrophy
assessments supported by labeoratory parameters. By focussing on a comparison between
stavudine users and non-users as done in the Prometheus study {74, 78], the sample size of

such an elaborate study may be kept manageable,

Treatment continuity

Whereas the degree of switching HiV-treatment due fo virclogical failure is low, the degree
of switching due to other regsons appecred o be exiremely high. Especially gasiro-
intestinal intclerance and neuropathy are important causes of freatment switches. Studies in
this thesis and the literature are suggestive of a disappointing effect from switches within the
class of HiV-protease inhibitors as opposed to swiiches fo other classes. This is in line with
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class infolerance rather than with drug specific intolerance. The available data provide ¢
basis for the development of provisional switching guidelines as a control measure for
intolerance in patients with vira! suppression.

Naturally, before implementation, the effect of guidelines should be cnalysed in
clinical studies. Such studies should preferably be conducted in o randomised sefting in
order to overcome polential confounding by differential switching due fo unknown

underlying reasons,

Finaity

The studies presented in this thesis reported on the scope of and the risk factors for two
important cdverse effects of HIV-protease Inhibitor containing antirefroviral therapy indinavir
nephrofoxicity and lipodystrophy. In addition, the impact of adverse effects on fregtment
contfinuity and the impact of freatment switch on freatment continuity were reported.
Obvioudly, there are numercus other adverse effects (eg. gastro-intestinal intolerance,
neuropathy, lactafe acidosis) which deserve scientific attention due to their freatment
limiting effect or severe impact on wellbeing.

In addition, the influence of concormitant medication on the risk of adverse effects
remains to be studied. Bisentangling the influence of concomitant medication on the risk of
virclogicai failure might be equally interesting.

From the perspective of pharmaco-epidemiology, the ATHENA project is unique in
the sense that it captures an entire patient population. It may set the stage for other disease
areas.
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Chapter 6.1

Summary

The accelerated registrafiocn procedures and abrupt infroduction of the HIV-protease
inhibitars, which constituted an enfirely new generaticn of medicines, required post-
marketing research more than usual. The objective of this thesis was to provide more insight
info the safety of HiV-protease inhibitors.

within this scope we examined the incidence of renal complications of the HIV-
protease inhibitor indinavir as well as the risk factors and censequences in chapter 2.

In chapter 2.1 a case of papillary necrosis following an episode of indinavir-
associated nephrolithiasis is described os a potential secondary complication of indinavir
nephrotoxicity.

Chapter 2.2 describes plasma indinavir concentration of patients with urological
complaints in a case series of 17 patients from the Erasmus university Medical Centre
compared a reference pharmacokinetic curve of 14 patients without complainis. Plasma
concentrations of patients with complaints appeared to be on average 2.6-fold higher than
concenirations of reference patients. Hence, an association between urclogical complaints
and plasma indinavir concentrations was confirmed.

In chapter 2.3 the incidence of urclogical symptoms during trectment with indinavir
was determined for the Duich freafted patient population. Within the first year of freatment
the cumuiative incidence was 8.3%. which was twice as high as in clinical trials. Risk factors
for developing urological symptoms were low lean body mass, low HIV-1 RNA, indinavir
dosing regimens of > 1000 mg bid, and high environmental temperafures all pointing af an
indinavir solubiiity problem and consistent with o ceniral role for plasma indinavir
concenirations.

The subseguent sfudy in chapter 2.4 clarified the location at which indinavir crystals
might occur in the kidney given the knowledge that the probiem underlying indinavir
nephrotoxicity is a solubility problem. The locop of Henle was identified as the most likely site
for indinavir crystalisation proximal fo the collecting ducts where urine concenfration is
dependent on the hydration status of the body. As opposed to the areas beyond the distal
tubuli, probably the most effective way of reducing urine indinavir saturation in the loop of
Henle is dose adjustment, Based on in vitro indinavir solubility tests it was hypothesized that
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plasma indinavir concentrations above 8 mg/mlL can dlready induce the crystallisation
process and therefore increase the hazard of nephrotoxicity.

Chapter 2.5 and 2.6 both report the results of an indinavir nephrotoxicity monitoring
cohort. In this study, both prevalent and incident users of indinavir were systematically
screened for signs of nephrotoxicity in urine and blood. Approximately, 25% of adult patients
on indinavir had repeat sterie leukocyturia, which was atfributed 1o indinavir since
leukocytes disappeared upen indinavir discenfinuation. Sterile leukocyturia was even more
prevalent among children on indinavir. whe had a cumulative incidence of 53% in %4
weeks. For both adults and children sterile leukocyturia remained largely asymptomatic
whereas serum creatinine tended to increase indicating renal failure. Prevalence of sterile
leukocyturia was associated with high plasma concentrations of indinavir one hour after
ingestion {ile. > 9 mg/L}. In conclusion, indinavir treated potients should be monitored
systematically for presence of leukocyturia or serum creatinine elevation, even if urclogical
symptoms are absent. With respect to nephrotoxicity management, indinavir dose
adjustments may have to be considered.

The subject of the following section was lipodystrophy, @ highly prevalent newly
idenfified syndroeme with a significant impact, which was believed to be an HIV-protease
inhibitor effect. In the first chapter three cases of lipodystrophy are presented ecch
exhibifing different aspects of lipodystrophy. Cases clearly demonsirate prominence of
zygoema and veins due to subcufaneous fat loss, abdominal distension due o central fat
accumulation and buffalo hump.

in chapter 3.2 the incidence of clinically evident lipodystrophy as diagnosed by
freqting physicicns was determined in the freated HIV-infected patient population in the
Netherlands. After four years of freatment 25% of patients had lipodystrophy the incidence
of which was 11.7 per 100 patient years. In contfrast to many earlier studies, HIV-protease
inhibtrors only appeared to play a minor part in the development of lipedystrophy.
Stavudine was established as the most important risk factor,

Finglly, the fourth chapter repors on the differential Impact of freatment
modifications on subsequent treatment continuity ond the impact of infolerance on
freatment continuity. First, patients who substituted nevirapine for their HiV-protease inhibitor
while HIV-1 RNA was below 500 copies/mL showed sustained virological suppression and
good folerance (chapter 4.1).

In chapter 4.2 patients who switched to nevirapine while HiV-1 RNA was below 500
copies/mL were compared to patients who switched fo second-iine HIV-protease inhibiters
under the same circumstances. Switching to nevirapine appeared 1o be three fimes more

favorablae mainly due fo a substantially lower rate of subsequent switches. For pafients who

190



Summary

achieved sufficient viral suppression on HiV-protease inhibitors, but experienced problems
on this regimen, subsfitution by nevirapine seems to be o safe switching strategy.

The subsequent study in chapter 43 describes the rate of infolerance-driven
freatment switches among patients whe already underwent a switch during effective virgl
suppression. Within cne year cfter the first switch, 24% had an infolerance-driven subsequent
switch, Gastro-intestinal intclerance and neurcpathy were the most important causes of
such switches. Beyond the direct causes of intolerance, the most important risk factor for an
intolerance-driven switch was having had o previous intolerance-driven switch. Switches to
nevirapine were the most faverable. Whether switching to other non-nucleoside reverse
franscriptase inhibitors is equally beneficial remains to be investigated.

Shortcomings of the studies in this thesis are addressed in the general discussion in

chapter 5 and recommendations for further research are given.
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Chapter 6.2

Samenvatfting

De versnelde registratie procedures en abrupte infreductie van de HiV-proteaseremmers
legde een exira grote verantwoordelijkheid bij het zogencamde fase IV ofwel ‘post-
rmarketing' onderzoek. Het was belangrijk om meer informatie te verkrijgen over de effecten
van deze, toentertid, nieuwe generatie geneesmiddelen, teneinde de toepassing ervan te
optimaliseren. Het doel van dit proefschrift was om meer inzicht te krjgen in de veiligheid
van de HiV-proteaseremmers,

In het kader van dit doel onderzochten we in hoofdstuk 2 de het voorkomen van
riercomplicaties bii behandeling met indinavir, alsook de mogelike risicofactoren en
gevolgen.

In hoofdstuk 2,1 wordt gllereerst melding gemaakt van papilnecrcse na een aan
indinavir toegeschreven niersteenaanval.

Vervolgens worden in hoofdstuk 2.2 de concentraties van indinavir in het plasma
van 17 pafignten met urologische klachten vergeleken met een confroiecurve, Deze
controlecurve werd gemackt aan de hand van het verloop van de concentraties tussen
tween indinavir innames bij 14 patiénten zonder urologische klachten. Plasmaconcentraties
van pafiénten met klachten bleken gemiddeld 2.6 keer hoger te zjn dan die van de
conirolegroep.

In hoofdstuk 2.3 wordt het voorkomen van klachten can de urinewegen in de
gehele Nederlandse populatie van patiénten op indinavir beschreven, Binnen een jagar na
starten van de behandeiing had 8.3% van de patiénten tenminste één keer last gehad van
urologische problemen, hetgeen twee keer hoger is dan cijffers uit klinische onderzoek voor
regisiratie. Urologische klachten kwamen significant vaker veor bij een lage vetvrije
lichaamsmassa, een lage hoeveelheid virus in het bloed, bij een hoge dosering van
indinavir en bij hoge bultentemperaturen. Deze risicofactoren passen bij het feit dat
indinavir  gemakkelijk  krstaliseert, Het bevestigt de eerdere bevinding dat
indinavirconcentraties een belangrike rof spelen bij het ontwikkelen van klachten can de
urinewegen.

in het volgende hoofdstuk onderzochten we op welke plaats In de nieren
indinavirkristallen als eerste onfstaan. De Iis van Henle, een onderdeel van de niertubuli,

werd hiervoor de meest cannemeliike plek bevonden. Hierin gaat een groct concentrerend
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vermogen samen met een hoge pH, waardoor indinavir kristallen kan gaan vormen. Op
deze plek, die voor de verzamelbuizen light, s de concentratie van de urine nog
oncfhankelijk van de vochtbalans von het lichaam en zal het verhogen van de
vochtinname weinig effect hebben. Om de verzadiging van indinavir in de urine in de lis
van Henle fe bestrijden is een dosisaanpassing wadrschijnlijk het meest effectief. Op basis
van in vifro oplosbaarheidstesten met indinavir werd geschat dat wanneer de
concentraties in plasma boven 8 mg/mL uitkomen, het kristallisatieproces al wordt
geinduceerd en dat daarmee de kans op niercomplicalies toceneemt,

in hoofdstukken 2.5 en 2.6 worden resultaten gepresenteerd van systematische
monitoring van tekenen van nefrotoxiciteit in urine en bleed van respectievelik
volwassenen en kinderen, die behandeld worden met indinavir. Hierin werden zowel
pafignten, die al indinavir gebruikten, als nieuwe gebruikers onderzocht. Biina 25% van de
volwassen patiénten cop indinavir bleek bij herhaling leukocyten in de urine te hebben
zonder de aanwezigheid van infectie. De leukocyten verdwenen onmiddellijk bif het
stopzetten van de behandeling. Bi} kinderen kwam deze afwiking nog vaker voor. Na twee
jcar behandeling had 53% van de kinderen één of meer keren leukocyten in de uring
gehad. Hoewel het hebben van leukocyten in de urine vaak niet gepaard ging met fysicke
kKlachten, bleek de nierfunclie van zowel Kinderen aqis volwassenen met deze afwiking
achterult te gaan. Ook het voorkomen van leukocyten de urine bleek saomen fe hangen
met hoge concentraties indinavir in het plasma. Concluderend werd gesteld dat patiénten
die worden behandeld met indinavir systematisch dienen te worden onderzocht op
leukocyten in de urine en dat hun serum creatinine (een nierfunctlietest) regelmatig dient te
worden bepaald, onafhankelik van de aanwezigheid van klachfen aan de urinewegen.
Dosisganpassingen zouden gverwogen kunnen worden bij het bestrjden van deze vorm
van nefrotexicitelt door indinavir.

Hoofdstuk 3 handelt over lpodystrofie, een zeer frequent voorkomende
acndoening in de vetverdeling van het lichaam. die werd toebedeeld aan HIV-
proteaseremmers. Eerst worden drie zieklegeschiedenissen beschreven van patiénten met
lipodystrofie, die elk verschillende aspecten van het syndroom vertonen. Patigénten verfonen
sterke vaattekening als gevolg van onderhuids vetverlies, tfoegenomen buikomvang door
centrale vetophoping en kunnen een zogenaamde ‘buffalo hump’ ontwikkelen.

In hoofdstuk 3.2 bepaalden we de frequentie van voorkomen van Kiinisch evidente
lipodystrofie, gediagnostiseerd door de behandelend arts, in de Nederlandse behandelde
HIv-geinfecteerde patiéntenpopulatie. Na vier jaar behandeling had 28% van de patiénten
ipodysirofie  ontwikkeld wat neerkomnt op 11.7 gevallen per 100 peofientjaren. In
tegensteling tot vele eerdere onderzoeken bleken HIV-protecseremmers slechits een
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geringe rol te spelen bii het ontstaan van lpodystrofie. Het gebruik van stavudine, een
(nuclescide cnaloge) reverse transcriptaseremmer, bleek de kans op het kiigen van
ipedystrofie het sterkst te bepaien.

Het vierde hoofdstuk beschrifff de effecten van therapiewizigihngen en de effecten
van het niet kunnen verdragen van de medicatie op het veroop van verdere behandeling.
Eerst word? een reeks patiénten beschreven, die hun MiV-proteaseremmer lieten vervangen
coor nevirapine, fterwil de hoeveelheid virus (HIV-RNA) onder de detectiegrens (500
kopigen/ml) lag. Zij verfocnden aanhoudende virusonderdrukking en konden de nieuwe
behandeling goed verdragen (hoofdstuk 4.1).

In hoofdstuk 4.2 wordt een vergeliking gemaakt tussen patiénten, die hun HIV-
proteaseremmer vervingen door de [nen-nuclecside analoge) reverse franscriptase remmer
nevirapine en patiénten, die hun Hiv-proteaseremmer vervingen door een nieuwe Hiv-
proteaseremmer, Hierbij vond de wizinging piaots fijdens virussuppressie tot onder de
standaard detectiegrens van 500 HIV-RNA kopigen/mL in het bloed. Het overgaan naar
nevirapine bleek in deze gevallen drie keer gunstiger, met name deoordat er substantfieet
minder thercpiewizigingen optraden in de periocde erna. Concluderend werd gesteld dat
voor pafiénten met virusonderdrukking op HIV-proteaseremmers, die de behandeling
dreigen niet vol fe kunnen hcouden, lijkt het omzetten van de HIV-proteaseremmer in
nevirapine een veilig alternatief.

Het volgende onderzoek in hoofdstuk 4.3 beschrijift de frequentie van voorkomen
van wizigingen in de behandeling als gevolg van bijwerkingen. Binnen een jaar na de
eerste wiziging had 24% van de patiénten een dergelike wiziging vanwege bijwerkingen
ondergaan. Gastro-intestinale klachten en neurcpathie waren de belangrikste oorzaken
hiervoor. Het bleek dat wanneer de HIV-protfeaseremmer werd veranderd In nevirapine, het
daaropvolgend beloop het gunstigst was. Of veranderingen naar andere vergelijkbare HIV-
remmers, zoals bijvoorbeeld efavirenz, even gunstig is kon niet worden onderzocht doordat
deze fen tijde van het onderzoek nog niet voorhanden waran.

Geéindigd wordt met enige aanbevelingen voor nader onderzoek.
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