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Abstract

Introduction: Information regarding plasma concentrationsrotgase inhibitors and their
corresponding antiviral activity or toxicities harecently emerged in the literature. However, the
information gathered thus far is conflicting. Wéhdome studies suggest therapeutic drug monitoring
(TDM) is important in providing optimal suppressiofiviral load,others fail to report such a
relationship. Therapeutic drug monitoring of e inhibitors may potentially be important for
several reasons including: bi-directional drugiattions with in anti-retroviral regimens, vaildypin
drug absorption, adherence issues, and lack ofalfjsstment guidelines in patients with hepatic
dysfunction, patients of female gender and patitntfrom their ideal body weight.  Nelfinavir as
protease inhibitor that has recently been introduoeclinical practice. There is limited data netiag
TDM of nelfinavir. As such, a need exists to detigre the utility and practicality of TDM of nelfina,
and to determine the effect of TDM and dose adjastron virologic efficacy in a controlled study.

Objectives: There were two parts to the study. The printdojgective of the pilostudy, was to
determine the utility and practicality of nelfinadiDM. The second part was a controlddy where
the primary objective was to determine whether T dose modification of nelfinavir when used as
part of salvage antiretroviral combination therapuld improve viral load reduction. The secondary
objectives of the controlled study were to deteemirhether TDM and dose modification of nelfinavir
could improve CRcell count rise, to determine whether predose2ahdur post dose nelfinavir and M8
concentrations were higher in patients showingsitipe response to therapy compared to those
unresponsive, and to determine whether nelfinanduced diarrhea was more frequent in patients with
higher than average predose and 2 hour post néilfiaad M8 concentrations.

Method:

Pilot Study
Ten patients on a nelfinavir 1250 mg bid contairangjretroviral regimen had trough and/or peak

nelfinavir and M8 plasma concentrations determiioedhe pilot study. A retrospective review of bac
patients chart was also completed.

Controlled Study

Five of the required 84 subjects were randomizegitteer a fixed nelfinavir dose regimen or a
concentration controlled nelfinavir regimen. Sulgen the fixed dose regimen received nelfina@2ibd
mg bid in addition to other anti-retroviral agenRredose and 2 hour post dose plasma nelfinagiivih
concentrations were determined at regular intervadilscontrast, subjects randomized to the
concentration controlled regimen were initiatedaonelfinavir 1250 mg bid regimen with subsequent
dose adjustment based on a predose plasma netfotmgentration. These subjects also had 2 hatr po
dose plasma nelfinavir and M8 concentratations oreas

Results:;

Pilot Study
Five of the 10 subjects were identified as havialfimavir plasma concentrations outside the refegen

population range. Factors that may have contribtgénigh concentrations included hepatic dysfurcti
and inhibitor type drug interactions. In contrasglabsorption secondary to diarrhea, inductive typ
drug interactions and underdosing in obesity waotdrs potentially involved in low nelfinavir



concentrations. The practicality of nelfinavir WDs an issue that needs to be resolved sincesthdts
of drug measurements often took more than 4 wee&btain.

Controlled Study

Three of the 5 subjects have been randomized todheentration controlled group. None have require
nelfinavir dose adjustment. The longest followhas been 128 days. Additional analysis is not
available at this time since the criteria for theerim analysis has not been met.

Conclusion:

Therapeutic drug monitoring of protease inhibiigran emerging technology which has the potenfial
becoming a very important tool in clinical practicEhe pilot study has identified patients who may
benefit from nelfinavir TDM however, it may not peactical to all clinical settings at this time.
Controlled studies are required to determine the tnerits of nelfinavir TDM in improving virologic
efficacy.
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1. BACKGROUND

1.1 INTRODUCTION

Protease inhibitors (PI) when used as part of coatliin drug regimens have had a dramatic impact on
therapy for human immunodeficiency virus (HIV) iofen! 2 Data from the HIV Outpatient Study
clearly shows a positive relationship between #dwent reduction in morbidity and mortality amongst
HIV-1 infected patients and the use of proteaséitdrs as part of combination antiretroviral (ARV)
therapy® The benefits are attributed in part to our imprbuaderstanding of the pathophysiology of this
iliness resulting in better use of drug therapiowever, not all patients who start on triple ddmation
therapy achieve maximum viral load suppressiono Teasons for not achieving this goal may include
nonadherence and antiretroviral resistance. Intividual differences in pharmacokinetics relating
drug absorption, distribution and metabolism as® &nportant reasons for failure. Given the higtes

of response in patients on their first ARV regimelimical trials to test this hypothesis would ne¢ede
large. In patients on salvage therapy where respaoates are lower therapeutic drug monitoring and

dose adjustment may be more important.

There is a variety of data regarding the pharmiaetic properties of the four Pls currently beirsgd

in clinical practice, namely indinavir (IDV), saaaivir (SQV), ritonavir (RTV) and nelfinavir (NFV).
This information reviewed and summarized elsewheaebeen used primarily in selecting doses and
dose schedulés Data regarding plasma concentrations of Pls laeid torresponding antiviral activity,
however, has only recently begun to emerge inittature. Knowledge of the concentration-reggon
relationship of PIs may be potentially helpfuiimproving efficacy and reducing toxicity as hasiee
demonstrated with other anti-infective medicatiorduding aminoglycosides fluoroquinolones, p-

lactams’® and glycopeptides.

Indinavir has been the Pl most studied in termissgilasma concentration-effect relationship. Hoeve
the information gathered from these studies islainfg. While some studies suggest that therdpeut
drug monitoring of IDV [esp. trough concentratiois]mportant in providing optimum suppression of
plasma HIV RNA**®others fail to report such a relationship® There is evidence supporting a
relationship between urologic toxicity and high IB¥ncentrations’ Information for other Pls is

limited. Recent studies of SQV suggest that trocmtcentrations may be correlated with reductions i



viral load®?° A similar relationship may also exists for RT¥/Peak concentrations of NFV have been

found to correlate with declining viral load in twmals "%

Although the data suggests that therapeutic drugitoring (TDM) may have an important role in the
optimal management of HIV-1 infected patients, frenommendations are not available at this time.
The relatively small sample size of studies regbttedate is the greatest limitation for most @& thals.
Small sample sizes with wide confidence intervaliad the results make it difficult to determine the
optimal therapeutic range for a given dfigMost of the trials conducted were retrospeativepen
label and as such, are subject to investigator bike studies differed in their definition of resse to
therapy depending on the sensitivity of their agsayeasure viral load, consequently, comparieg th

results of the various trials is difficult.

Patient factors may have affected the study restlisiaive patients were evaluated in some studies
while others used Pl experienced patients. Irfdheer population the virus may be quite susceetibl

a given Pl and drug levels might be less importahtle in the latter, the virus may have had the
opportunity to develop resistance and consequestly concentration of drug would be ineffective.
Differences in baseline viral load in the variotigdées must also be considered. Patients withenigh
viral loads may require a greater amount of timadisieve undetectable viremia. Consequently, beesel
viral load and the length of follow-up are importaources of variability. Other patient factdrattmay
have not been controlled for in the trials incladiherence to drug therapy, drug interactions, and

differences in weight, absorption [e.g. malabsorptdiarrhea] and metabolic capacity.

Drug factors may also influence outcome. Thefadsnsistency in which concentration parameter [i.e
Cmax, Cmin, AUC etc.] best predicted response.hW(@th IDV and SQV trough concentrations appear
to be important whereas with NFV, peak concentratiwere a better predictor. Peak concentrations
however may not be practical in an outpatientsgtti Secondly, as the drug concentration appr@ache
the upper end of the concentration-response cthreechange in response decreases. Thus, depextding
what point of the curve the concentrations weradpeneasured, the investigators either saw a pesitiv
no relationship. Thirdly, other agents being usedcomitantly with the protease inhibitor being
evaluated could have pharmacokinetic interactioflaencing drug levels. This could affect the fina
outcome if drug concentrations are important ardetfore is another variable that must be controlled

for.



This report describes a clinical study in HIV inked patients to determine whether a concentration
response exists for nelfinavir when used as paats#lvage ARV regimen. It attempts to evalulage t
usefulness of TDM and dose adjustment in increasifigacy. The results from this study will have

great significance as it may potentially improveecaf HIV infected patients.

1.2 NELFINAVIR PHARMACOLOGY, PHARMACOKINETICS, EFFICACY AND TOXICITY

Nelfinavir mesylate is a HIV-1 protease inhibitaed in combination regimens for the treatment &f Hi
infection. It has been shown to be effective inlewhen dosed at 750 mg tid or 1250 mg%idf.

Peak plasma drug concentrations are reached apmtety 2 to 4 hours after oral administratfdnBoth
AUC and peak plasma concentrations are 2 to 3Higlder when the drug is taken under fed conditions
compared to a fasting stéfe The median peak and trough steady state plasn@eotations (i.e.
Cmax,ss and Cmin,ss) in adults (n=11) at the 75@iadndpsing regimen are 218)/ml [quatrtile: 2.0-3.5]
and 0.9ug/ml [quartile: 0.6-1.3] respectivefy.Similarly, the median peak and trough steady state
plasma concentrations at the 1250 mg bid dosinigneeg(n=10) are 4.fuig/ml [quartile: 3.3-4.4] and 0.7
pg/ml [quartile: 0.3-1.0] respectively. The volumiedistribution of NFV ranges from 2 to 7 L/kg aisd
greater than 98% protein bouffdThe drug is extensively metabolized in the liwéth less than 2%
excreted in the urin®. Multiple cytochrome P-450 isoforms including CY®8nd CYP2C19 are
responsible for its metabolisimvitro. The major oxidative metabolite, nelfinavir hygye-butylamide
(M8), hasin vitro activity comparable to the parent diigHowever, thén vivo activity of M8 is

unclear. The absence of M8 had no obvious effeetntiviral response or tolerability to NFV in one
clinical study?’ Steady state plasma concentrations of M8 areajlgi33% of NFV concentrations at
standard clinical dosé8.A NFV elimination half-life of 3.5 to 5 hours hasen reporte®. Based ofin
vitro data, the concentration of NFV required for 509 86% inhibition of wild type HIV-1 is
approximately 20 nmol/L and 60 nmol/L respectiv&yData from the manufacturer has suggested that
the drug has an unigue resistance pattern thathwiagonfer cross resistance to other proteaseitohsb
The most common mutation has occurred at positlbbarBthe protease enzyiffeHowever, clinical

data suggests that some degree of cross resistaiste for all Pls.

The efficacy of nelfinavir as part of combinatidretapy has been established in ARV naive patients.
The combination of zidovudine 200 mg tid (ZDV)migudine 150 mg bid (3TC) and NFV 750 mg tid
was compared to ZDV/3TC without NFV in a randomizaduble blind study of 102 ARV naive patients
with CD, counts between 150 and 500 cgil$? Baseline median viral load (legcopies/ml) were 4.8



for the ZDV/3TC group and 5.0 for the ZDV/3TC/NFYogp. After 28 weeks of follow-up, 83% of
patients in the triple therapy arm compared to 18¥%e double therapy group had viral loads

suppressed below 500 copies/ml.

Another group of investigators evaluated a simiégimen in ARV naive patients with viral loads geza
than 4.18 log, copies/mE° Subjects received ZDV/3TC plus NFV at 500 mg &0 mg tid or placebo.
Mean baseline viral load was 4.9 {ggopies/ml and the mean ¢Bell count was 283 cells/nim At 24
weeks, mean viral load reduction for the 750 mgedwas 1.99 lag copies/ml with a mean rise of GD
cells of 155 cells/mr At 52 weeks mean viral load reduction was snsthand CR continued to
increase from baseline. Approximately 80% of patemaintained viral load below 500 copies/ml.

Data was not reported for the 500 mg dose nor ptace

A multicenter, randomized, double-blind trial comghtwo NFV dosing regimens (1250 mg bid vs 750
mg tid) in combination with standard doses of sthre (d4T) and lamivudine (3T¢). Patients
included in this trial were naive to either d4T33IiC, had less than 2 weeks treatment with a preteas
inhibitor, and had HIV RNA greater or equal to8lag,,copies/ml. Mean baseline viral load (leg
copies/ml) and CPcell counts (per mi were 5.1 and 252 respectively in the NFV tidugr and 5.0
and 275 respectively in the NFV bid group. Arenth analysis at 48 weeks revealed that both NFV
regimens provided equally potent suppression of RNA [reduction of 2.2 log for bid group and 2.4
log,, for tid group]. Approximately 80% of patientstime bid and tid groups achieved plasma viral load
below the limit of detection (<400 copies/ml). Tinean CI) cell rise was 189 and 166 cells/rhfor

the bid and tid groups respectively. Pharmacoldratalyses of both dosing regimens were also

comparable [AUG; 4- 51 mgh/l for bid group, and 45 mé/I for tid group].

The efficacy of NFV has also been evaluated asgiatsalvage regimen in ARV experienced patients.
The dual PI combination of NFV (750 mg tid) plus\6(200 mg bid initially increasing to 600 mg tid)
was studied in 13 patients (median HIV RNA — 180,0fhedian Cp— 234) who were refractory to
standard triple therapy. The regimen was considered efficacious if vioald decreased by at least 0.5
log;ofrom baseline. After 4, 8, and 16-24 weeks thenmneg was efficacious in 5/13 (38.5%), 3/13
(23.1%) and 1/13 (7.7%) patients respectively.

A 4 drug regimen using NFV (1250 mg bid) plus SQW@E0 mg bid) and 2 nucleoside reverse
transcriptase inhibitors (NRTI) has also been sdidin 25 HIV patients with CPDcells <3004l who



had failed or were intolerant to 2 NRTI/PI combinat”® Nineteen patients completed 24 weeks of
therapy and have shown a mean decrease in HIV RNAG log, (baseline: 4.6 lag) and a mean
increase in Cof 188 cellgil. The proportion of patients with plasma RNA lsvieelow 500 and 40

copies were 45% and 35% respectively.

In the above trials, the most common reported sftext from nelfinavir was diarrhea. A retrospeeti
review of this complication has recently been caten.*® In the investigation diarrhea was graded
from 1 to 3: grade 1 (mild or transient diarrhea& 4 loose stools/day; grade 2 (moderate) — 5-8doo
stools/day; and grade 3 (severe) - > 7 loose &by or requiring intravenous hydration due ® th
diarrhea. Their results showed that 63 of theé&illuated patients (35%) reported diarrhea, hothv
16 (25%) had diarrhea prior to beginning NFV. tkse with diarrhea 41% were grade 1, 35% were
grade 2, 13% were grade 3 and 11% were undetermimedtment of diarrhea included no therapy in 28
patients (44%), over the counter therapy in 9goesi (14%), prescription anti-motility drugs in 17
patients (27%), combination of over-the-counted prescription medication in 2 patients, IV hydoati
alone or in combination with other therapy in 3igats and undeterminable in 4 patients. Only 3
patients of the 183 (1.6%) discontinued NFV duditorhea.

Other reported but less common side effects of Nfelude nausea, fatigue and/or headache, increased

bleeding in hemophiliac patients, hyperglycemia skid rast?

1.3 RATIONALE FOR STUDY

The drug regimens currently being used to treat ARWe patients have virologic success rates in 60%
to 90% as judged by achievement of a plasma HIV Rl less than 500 copies/ml at 24 weeks or
beyond®*  The outcome is less impressive in patientsaivage treatment after failing combination
therapy that includes a PIl. In a pilot studyp@dients were evaluated who had detectable viealdo

(i.e. >500 copies/ml) on a PI containing regimed waere subsequently switched to a new combination
containing NFV 750 mg tid>*® The patients had extensive Pl experience (meandighs), but most
were naive to NNRTIs. The majority had previoupasure to saquinavir and indinavir. In addition to
nelfinavir, approximately 95% of patients had asie? other ARV agents changed and 66% initiated an
NNRTI. The mean CD4 and viral load at the timewftch was 109/mfhand 4.63 log copies/ml
respectively. After a mean follow up of 19 weebsly 33% of patients achieved viral load suppr@ssi
to <500 copies/ml.  An additional 20% had pantighl load suppression with greater than 1 log

decrease. The remaining 46% were non-respondérdess than 1 log decrease in viral load. On



univariate analysis, no relationship could be fobativeen complete viral suppression and baselna¢ vi
load, baseline CD4, previous PI, duration of prasi®l use, or number of agents changed in addiion
nelfinavir. This is likely because of the homogénef the population studied. However, mutatiahs
key codons on the protease and reverse trans@ipteymes did correlate with virologic response.
Patients with 0 or 1 mutation at the protease codd@) 82, 84, or 90 and who had 4 or fewer mutation
at the key reverse transcriptase codons were nkalg to respond compared to patients with greater

numbers of mutations.

In a similar study, 62 patients were switched tilimavir 750 mg tid plus other ARV agents following
virologic failure of HAART therapy (i.e. HIV-1 RN4& 1000 copies/ml after > 3 month¥)All

patients were previously exposed to a median oRZIN and 2 PIs for a median duration of 35.6 and
12.2 months respectively. Three patients were NN&perienced with a median duration of 3.2
months. Median baseline CD4 and viral load wer dglls/mni and 5.16 log copies/ml respectively.
After a follow-up of 5.3 weeks (range: 4-12 weelts® median change in viral load was -0.38 log
copies/ml. Only 32% of patients had > 1 log deseeand 3% had viral load < 100 copies/ml. Further
analysis showed that baseline CD4 cell counts lin@seral load, medical history, duration of preus
ARV treatment and number of drugs used did notetare with virologic response. The number of
reverse transcriptase inhibitor and protease itoribesistance mutations were the only independent

predictors of response.

Two main reasons for virologic failure of potent XRombinations include viral resistance to one or
more agents, or lack of adequate drug concentsatibthe site of action. The latter may be seapnd
to altered absorption or metabolism of the drugyratient adherence to a regimen due to either poo
compliance or inadequate patient education, amdidti-drug pharmacokinetic interactions that
adversely affect therapeutic drug levels. Assgrairtorrelation between plasma and tissue drug
concentrations (excluding the CNS), therapeutigyanonitoring of protease inhibitors and approgriat

adjustment of the dose may be one solution to tbklem of virologic failure.

Therapeutic drug monitoring of protease inhibitsran area that has only recently gained attention.
There are several reasons why this type informatiag be clinically useful. Optimization of antiai
outcome is one reason of immense importance. Tdrerdata which suggest that a given concentration
of drug correlates with optimal antiviral activiog a P11 182138390 addition, adverse effects of Pls

may be asssociated with high drug concentratiomgs ifgdinavir and renal stones, ritonavir and @kesi



effects)'” *>*' Depending on the antiretroviral regimen, theeymlso be bi-directional drug
interactions involving one or more Pls (e.g. RT®@V + efavirenz). Often the extent of these drug
interactions are not completely predictable; cqnsatly TDM would be very helpful. Knowledge of
PI plasma concentration may also aid in distingaghbetween viral resistance and inadequate drug
exposure in patients failing ARV therapy. GuideBb for dose adjustment of PIs in patients withakiep
dysfunction is limited? Since Pls are mainly metabolized by the liveséhpatients are at risk of drug
toxicity. Adjusting the dose based on plasma cotraions may alleviate this problem and avoid
unnecessary drug discontinuation. Finally , indiisl infected with HIV vary in presentation froneth
very advanced, wasted patient to the otherwisdteaRYV naive patient at his/her ideal body weight.
Dose ranging studies are generally done in ARVaawlatively healthy male patients. As such the
doses that are recommended may not always be apgieofor individuals who are female gender, far
from their ideal body weight or have a co-existoogdition thay may affect drug disposition. TDMyma
be a method to ensure adequate PI concentratiarsién to maximize efficacy and minimize drug

toxicity.

2. STUDY GOALS

The study was approved by the Toronto Hospitakstheview board and patients were recruited from
the Immunodeficiency Clinic of the Toronto Hospital'here were two parts to the trial. The firattp
was a pilotstudy of 10 subjects to determine the utility gnacticality of nelfinavir TDM. The second

part was a controllettial with the following goals:

1. To determine whether therapeutic drug momtpeand dose modification of nelfinavir when used as
part of salvage ARV combination therapy can furthgsrove viral load reduction, and increase,CD
cell counts.

2. To determine whether predose and 2 hour post deléinavir and M8 concentrations are higher in
patients who show a positive response to therapwifial load reduction of > 1 lggor viral load <
50 copies/ml) to those unresponsive.

3. To determine whether predose and 2 hour post BI@NFV concentration ratio are signficantly
different in patients who show a positive respdiesinerapy (as defined above) to those
unresponsive.

4. To determine whether nelfinavir induced diaarimore frequent in patients with higher than
average predose and 2 hour post dose nelfinaviMihdoncentrations.



3. METHODOLOGY (Pilot Study)

Both antiretroviral naive and experienced pati@ms nelfinavir 1250 mg bid containing ARV regimen
were eligible to participate in the pilot study.rough and/or peak nelfinavir and M8 plasma
concentrations were determined. The time betwleelood draw and the last nelfinavir dose was
recorded. Blood samples were centrifuged at Threrto Hospital and then packed in dry ice and
appropriately sent by courier to the Ottawa Genldradpital where the HPLC ass&yto measure
nelfinavir and M8 levels were performed. A thagbueview of each subjects chart was completed with
the following items being recorded: sex, age, Weieight, medications at the time of TDM, past
ARVs, medical history, Cpcell counts, viral loads, LFTs (AST, ALT, ALP,bili), glucose, serum

creatinine, and lipid profile (if available).

4. METHODOLOGY (Controlled Study)

4.1 StupY DESIGN(FiXED DOSE VERSUDOSEADJUSTEDNELFINAVIR)

Male or non-pregnant female HIV infected patier@sygars of age or older who failed only dple
containing regimen were eligible to participatBailure was defined as a detectable viral loaaathg
a previous undetectable result or greater thato@.fhcrease in viral load from nadir. At theé of
enrollment, the viral load must have bexh log copies/ml and the patient switched to astl@anew
ARV agents in addition to NFV and be started om@a-nucleoside reverse transcriptase inhibitor
(efavirenz, nevirapine or delavirdine) if previbusaive to this class. Patients who were ARV paiv
stopped previous therapy secondary to intoleramoeedication were not eligible. Neither were patse
with AST or ALT greater than 5 times the upper tiof normal (ULN), pancreatic amylase > 1.5 times
ULN, or triglycerides > 4.5 mmol/L. Patients wexlso excluded if they were on the following
medications which adversely interact with nelfimavifampin, cisapride, astemizole, terfenadine,
amiodarone, quinidine, triazolam, midazolam or edgivatives. Written informed consent (refer t

Appendix A) was obtained prior to enrollment.

The overall design of the study was a prospectipen label, controlled trial where subjects were

randomized to either a standard nelfinavir dosémweqg (Std or Group A) or concentration controlled



nelfinavir dose regimen (CC or Group B) for 24 weekAn initial screening period was required to
determine the subject’s eligibility to participatethe study and to document on the Case Reponh For

(refer to Appendix B) pertinent baseline data dleves:

a) informed consent if not previously obtained, docuoted in writing
b) medical history

¢) medication use history [esp. ARV]

d) physical history (including height and weight)

e) documentation of HIV infection by ELISA and Westdlot

f) blood samples for HIV RNA titer, CB cell count, genotyping for protease resistaneejydtology,
chemistry, coagulation

g) urine sample for urinalysis [including urine pragey test for women]

Following randomization and screening proceduneisjexts in both groups were initiated on a nelfinav
containing regimen at a dose of 1250 mg po bid fadd. Nelfinavir 250 mg tablets were prescribed.
During follow-up clinic visits when pharmacokinessessments were made, subjects in both groups
fasted from midnight of the previous night untiéthredose [i.e. NFV dose] blood sample was coltecte
In the morning following the predose blood colleati subjects in both groups eat a standard breakfas
[consisting of 50% carbohydrate, 30% fat, 20% pnjtat which time the morning NFV dose was be
administered. A 2 hour post dose blood sampletives drawn. Similar procedures to that of thetpil

study were carried out to determine nelfinavir plasoncentrations.

Group A (Std Regimen)

Subjects randomized to group A, returned for aofelup visit on day 14. At that time, adherenceriagd
therapy and the occurrence of diarrhea were assesseldition to physical and laboratory assesssent
(including viral load and CB count). Other adverse events were also docliadent the follow up

visit case form (refer to Apppendix C). A predas®l 2 hour post dose blood samples were drawn to
measure nelfinavir and M8 plasma concentratiortsesé values would not be reported until the
completion of the study and the dose of nelfinaas not adjusted. Additional follow up visits wer
made on days 28, 56, 84, 112, 140 and 168 of tldy sthere the above procedures were repeated.

Group B (Concentration Control)



Subjects randomized to Group B also had a follovelupc visit on day 14, at which time the same
procedure as in Group A was conducted includingvohg predose and 2 hour post dose blood samples.
The dose of nelfinavir however was subsequentlysidfl depending on the measured predose nelfinavir

plasma concentration according to the followingiglines:

Nelfinavir predose concentration Dose Adjustment

< 0.7pg/ml Increased daily dose by 20 % [rounded to nearehtptauof 250 mg]
Checked predose concentration in 14 days.

> 0.7pg/ml No change

Where dosage adjustment was made, a follow-up cvagentration was determined 14 days later and
further adjustments made if required. Follow ugitgiwere also made on days 28, 56, 84, 112, 1d0 an

168 of the study where the above procedures wepeated.

4.2 SAFETY PARAMETERS

Safety parameters were evaluated in both grougsgit occasions: during screening and during each

follow up clinic visit. The parameters includethdmatory tests, vital signs and adverse events.

a) Laboratory tests
Clinically relevant abnormal results were followetil they returned to baseline, or until an

adequate explanation of the abnormality was fourtoke following were laboratory tests monitored:

Hematology hemoglobin concentration, hematocrit, total WRBint and differentials, RBC
count and platelet count

Biochemistry electrolytes, BUN, creatinine, calcium, uric gaahylases, total bilirubin, ALT,
AST, alkaline phosphatase, glucose, albuminlycegides, total cholesterol

Urinalysis microscopic examination, pH, blood, glucose, @irgturine pregnancy test for
females

Immunology CD4+ T cell count

Virology: viral load (RNA-PCR) — Chiron 3.0

b) Vital Sgns - Blood pressure, heart rate, temperature
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c) AdverseEvents

All adverse events encountered during the clirtigal was reported on the Case Report Form
and/or the Serious Adverse Event Form (refer toekpix D). An adverse event was considered
to be any adverse change from the patient’s basgpire-treatment) condition which occurred
during the course of a clinical study after treaitngas started, whether considered related to the
treatment or not. Adverse events were gradedfoargpoint scale [Grade 1, 2, 3 or 4] according to
ACTG guidelines set out in Tables 1 and 2 of Appeiid

Diarrhea was considered secondary to nelfinaMy after other potential causes (e.g. diet,

infection, other drugs) were ruled out. Diarrineses graded on a four point scale as follows:

Grade of Diarrhea Description
1 Mild or transient; 3-4 loose stools per day oldndiarrhea lasting < 1week
2 Moderate or persistent; 5-7 loose stools per dajliarhea lasting 1 week
3 Bloody diarrhea, or orthostatic hypotension @t lsose stools/day or IV
hydration required
4 Hypotensive shock or hospitalization required

The type of treatment used to the control the Hear(e.g. fluid hydration, antimotility agents, no

therapy) and the patient’s response was documented.

4.3 ADHERENCE TOTHERAPY

Adherence to therapy was determined at each aligicthrough patient interview, drug concentration

and pill count. Where a problem arised in comp&rthe subject was removed from the study based on

the following criteria:

a) patient missed at least two clinic visits withouotifying the investigators for the reasons of hés/h
absence.

b) patient found to have missed greater than or équal days worth of medication on two separate
follow up visits.
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4.4 PATIENT DISCONTINUATION

Patients who became pregnant were withdrawn fransthdy. Any other reasons deemed necessary for
patient discontinuation [e.g. hypersensitivitydtoig, patient death, severe adverse reaction] wieted

by the investigators. Patients could have alsbdviéw from the study on their own accord.

4.5 OUTCOME MEASURES

Primary Objective:

1. To compare the percentage of subjects shoaviegponse to salvage therapy [defined as atldast
log,o decrease in viral load or a decrease in viral kma< 50 copies/ml by 24 weeks of therapy]
between subjects given a fixed dose of NFV (GroypoAhose in whom NFV dose was adjusted
according to predose drug concentrations (Group B).

Secondary Objectives:
2. To compare the mean change and mean maximal cfrmmgéaseline of plasma HIV RNA level
and CD cell count at weeks 12 and 24 between Group AGnodip B.

3. To compare the percentage of subjects in GrowtAplasma HIV RNA below 50 copies/ml and
500 copies/ml at 12 and 24 weeks to those in GBiup

4. To compare in Group A steady state plasma pse-8i-V (Gp nrv) and M8 (Gp vwg) cONcentrations
in subjects showing a response to salvage thefapylefined above] to those unresponsive [defined
as less than 1.0 lggreduction in viral load] at 12 and 24 weeks.

5. To compare in Group A steady state plasma 2 posirdose NFV (& nrv) and M8 (G ms)
concentrations in subjects showing a responsestaply to those unresponsive [as defined above] at
12 and 24 weeks.

6. To compare in Group A, the mean ratig (o/Cep nrvin SUbjects showing a response to salvage
therapy [as defined above] to those unresponsivelg¢fined above] at 12 and 24 weeks.

7. To compare in Group A, the mean ratig, (/Con nevin SUbjects showing a response to salvage
therapy [as defined above] to those unresponsiveléfined above] at 12 and 24

8. To compare in Group A, the percentage of subjedh grade 2, 3 or 4 diarrhea who havg
and Gp vsabove the median value to those with Grvand Gp ysbelow the median.

9. To compare in Group A, the percentage of subjedh grade 2, 3 or 4 diarrhea who havg v
and G vs above the median value to those with, G=vand Gy vs below the median.

4.6 SAMPLE SizE CALCULATION
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From previous studies conducted at The Toronto kalsp® the percentage of patients on nelfinavir as
part of salvage ARV therapy achieving undetectabkd load (< 500 copies/ml) or at least 1.04kpg
decrease in viral load was 53% leaving ~46% whandichave an adequate response. A sample size of
84 patients (42 in each group) would allow a 50%#fedence in the percentage of patients showing a
response to therapy (i.e. change from 53% to 8&jorese) as defined under the primary objectivbeto
detected with a power of 80% at the 5% level ofidigance (1=0.05, one-sided). A one sided sample
size determination was justified given that theedoSNFV was only adjusted upward. As such, pétien
in Group B in the worse case would do as well @&pts in Group A in terms of viral load reduction

(i.e. the observed % difference between groupoéinbe greater than or equal to zero).
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4.7 SATISTICAL ANALYSIS

An intent to treat (ITT) methodology will be uskxt all statistical analysis. Results will be prated
using both ITT formats: “non-completer equalsuedl’ and “last observation carried forward”. Using
the first format, subjects who did not completefiliestudy will be labeled “unresponsive” for the
purposes of the primary objective. Their changeitial load and Cpcell count will be given a value of
zero and will be considered to have a viral lodaD8 copies/ml at 24 weeks. Using the latter farma
the subject’s last viral load and ¢Bell count prior to discontinuation of the studijl e used as their
twenty-fourth week data. The particular statistiests that will be performed and the variakies

will be assessed is shown in Table 3 (refer to AppeF). All comparative analyses will be consik

significant at p<0.05.

Subject demographics, pertinent medical historgrimfation and other baseline data will be tabulated.
Inferential statistics will be performed to asstivat both groups A and B were similar with resgect
baseline characteristics. Adverse events occudiming the study including diarrhea will be takiath

and reported using descriptive statistics.

Descriptive statistics will also be used to presehanges in vital signs, body weight, and clinical

laboratory values. Clinically significant chasga laboratory values will be identified and tedtel.

4.8 INTERIM ANALYSIS

An interim analysis will be conducted after 50%patients have been enrolled and completed 12 weeks
of therapy. The study will be terminated at thatdifor the following reasons:

» the percentage of patients showing a responsatage therapy is equivalent for Group A and B;
OR

* less than 50% of patients in Group B requiring dagjeistment
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5. RESULTS

5.1 RESULTS OFPILOT StuDY

A total of 10 subjects were recruited for the ppovject. The results of their nelfinavir plasma
concentrations, and their medical history is prestin Table 4. A graphical representation of the
results is shown in Figure 1. The reference patjant used for Figure 1 was data obtained fronudyst
evaluating the pharmacokinetics of nelfinavir giwri250 mg bid? Individual results with a

clinical assessment were given to the subject’siglgn. An example is shown in Appendix G. Atplo

of peak and trough nelfinavir plasma concentra#igainst viral load is shown in Figures 2 and 3.

5.2 RESULTS OFCONTROLLED STUDY (FIXED DOSE VERSUDOSEADJUSTED
NELFINAVIR)

As of June 24, 1999 a total of 10 patients hawnltsereened for the study of which 7 have beemezhte
Reasons for not entering 3 patients included diffies with work schedule, past nelfinavir expeden
and starting nelfinavir prior to screening. Oé thsubjects entered, 5 have been randomized tofone
the two arms (3 concentration controlled, 2 stathdagimen). The remaining 2 patients are in the
process of being randomized and require furthéodieup. Of the 3 patients entered in the
concentration control group, none have requiretinalir dose adjustment. The longest follow-w@gs h
been 128 days.

Additional analysis is not available at this tiniece the criteria for the interim analysis has Ine¢n

met.

6. DISCUSSION AND FUTURE DIRECTIONS

There have been two studies reported that evaluterconcentration versus antiviral activity of
nelfinavir. In the first of 2 trials, treatmentima HIV-1 patients received zidovudine and lamivigdi
(3TC) plus either NFV 500 mg tid (n=97), NFV 78@ tid (n=99) or placebo (n=10%).Both untimed
predose and 2 hours post dose plasma NFV condensatere measured at weeks 2 and 8 after the
initiation of therapy. Response to therapy wasngef as a viral load less than 50 copies/ml by w&kk
The log of the baseline viral load, the log of sen of NFV and M8 (major NFV metabolite with
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vitro activity) 2 hours post dose and the log of NFVoRits post dose concentration were the most

significant predictors of antiviral response.

A second study was conducted in 30 ARV naive Hivfgcted patients®> The treatment regimen
studied was a combination of stavudine (d4T), 33QYV and NFV. Plasma concentrations of SQV and
NFV were determined at baseline and weeks 1,@nd 8. Viral load was measured from the start of
therapy to the first measurement less than 50 sbpler until week 8. Both drug concentrations ever
related to population pharmacokinetic data andesg®d as the ratio between observed and population
values. This study showed a significant relatiopdigtween maximum observed NFV concentration
ratio and the slope of decline of HIV-1 RNA in piees. No significant relationship was observed when

SQV concentration ratio was used.

In both of the above studies, the investigator' snng@al was to establish a plasma concentration-
response relationship for NFV but this informatieas not used to adjust a patient’s therapy. A
controlled study comparing twice daily versus thiieees daily regimens yielded comparable clinical
results at 48 weeK3. In the pharmacokinetic analysis, similar troughels were obtained with the 1250
mg BID and 750 mg TID arms. Both trials evalugpatients naive to ARV therapy. Whether the same
results would hold true or be even more important¥RV experienced patients is unknown. Although
a relationship was established for peak concentratand antiviral activity, measuring trough
concentrations may be more practical in a clingedting, given the variability in the time to regquak
concentrations (i.e. tmax ranges between 2 to 4shfou NFV). As such dose adjustment in our

controlled study was based on trough concentrations

Although results from our controlled trial are yet available, some observations can be made fnem t
pilot study. Ten subjects were recruited of wiclere antiretroviral (including protease inhilpjto
experienced. All were male subjects ranging fr@id®51 years of age. Two patients (#6 and #10)
were considered to have low trough nelfinavir plasiancentrations and one patient with a low peak
nelfinavir concentration (#3). The first patie#6] may have had a low level secondary to undendosi
given a greater than average body weight, or seagrd an drug interaction with efavirenz which is
known to induce the metabolism of nelfinavir. Diésphe low level, the subject initially maintainad
undetectable viral load (< 50 copies/ml) which fpgently increased to 1230 copies/ml approximately
two months after the nelfinavir plasma concentrati@s measured. This may suggest that the low

nelfinavir level was clinically significant. Iroatrast, the second subject (#10) with a low nalfin
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level continued to maintain an undetectable vivatl for several months. The low nelfinavir
concentration in his case may have also been daeltog interaction with efavirenz. Given his
maintenance of an undetectable viral load, thea&tfy of nelfinavir as part of his antiretroviragnmen
was debatable. The third subject (#3) to hawerlelfinavir levels may have been secondary to
malabsorption. This particular patient was exg@ering 5 to 6 loose bowel movements per day while o
the nelfinavir containing regimen. Initially, tBebject was taking zidovudine, lamivudine andnadir
and had an undetectable viral load (<50 copies/df)er developing indinavir related renal
complications, nelfinavir was substituted. Thelvload remained undetectable for a few monthsewhil
on nelfinavir and then began to rise. Retrospebtithis may have been due to nelfinavir resistanc

secondary to a less than optimal plasma drug coratem.

Two subjects (#1, #8) had greater than the referpopulation nelfinavir plasma concentrations.r Fo
the first subject, the elevated trough concentmatnay have been due to inhibition of nelfinavir
metabolism by ritonavir and delavirdine (both inhi@YP3A4). Importantly that the patient was
already receiving a lower than the usual nelfindaise (i.e. 1000 mg bid) in anticipation of thisiglr
interaction. Despite the elevated nelfinavir corication, the viral load remained elevated possibly
suggesting antiretroviral resistance. The sesuigect had underlying hepatitic C with elevaiedrl
function tests. This may have accounted for tbeatkd nelfinavir peak concentration since nelfiniasv
metabolized by the liver. In contrast to the poergi subject, the viral load was undetectable fojesu
#8.

The remaining five subjects (#2, 4, 5, 7, and @) helfinavir concentrations that were consideretth wi
the range of the reference population. Howevdy, Brsubjects (#7 and #9) had undetectable vitad$o
Subject #9 was on his first antiretroviral reginvemle #7 was receiving a 5 drug regimen. The

remaining 3 subjects had detectable viral loadpitieadequate nelfinavir concentrations which may

have suggested antiretroviral resistance.

Although the results of the pilot study are purahgedotal, they do meet the objectives of detenmgini
the utility and practicality of nelfinavir TDM. He results of the pilot study suggest that a select
population of HIV infected patients may benefitfrd DM. The following are situations where TDM
may be useful: patients with a hepatic disordenalabsorption, patients far from their ideal body
weight, patients with adherence issues, and patietth suspected clinically important drug interacs

or drug induced toxicity.
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The practicality of nelfinavir TDM is an importaissue. Measuring protease inhibitor plasma
concentration is currently a research tool. Theeefaccessibility to this technology is limitedin our
study, blood samples were sent to the Ottawa GEHespital for drug concentration determination.
This required proper preparation of the samples ¢entrifusing, packing in dry ice) prior to shipgnt.
Once the samples were sent, almost 4 weeks wengeddefore the results were available, a sitmatio

that would not be very practical in a clinical s®ijt

One of the limitations to nelfinavir TDM is thatleerapeutic range has yet to be established. rin ou
study, published pharmacokinetic data of 11 subjeets used as the reference population to which we
compared the results of our subjects and madecaliassessments. However, the validity of this
practice is not clear. Due to the limited numbiestudies of this nature, the reference populatien

used is the best that is currently available.

A learning curve is always present when new teamoemerges. Based on the results of our pilotystud
the future of protease inhibitor TDM appears prongs  However, controlled trials are requited
establish a therapeutric range for a given protedsbitor, deciding on which concentration (peak,
trough, random) should be measured and conductingalled studies to evaluate the usefulness of
TDM in improving virologic efficacy. The compleh of our controlled trial should help answerdée

guestions.

7. CONCLUSION

Therapeutic drug monitoring of protease inhibitsran emerging technology which has the potential o
becoming a very important tool in clinical practice pilot study of 10 HIV infected patients evaiea
the utility and practicality of nelfinavir TDM. i%e of the 10 patients were identified as having
nelfinavir plasma concentrations outside the refeegpopulation range. Factors that may have
contributed to high concentrations included undegyhepatic dysfunction and inhibitor type drug
interactions. In contrast, malabsorption seconttadiarrhea, inductive type drug interactions an
underdosing in obesity were factors potentiallyoimed in low nelfinavir concentrations. Contedll

trials are required to establish a therapeuticeargl dose adjustment guidelines for nelfinavr, to
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identify which concentration parameter best prediesponse, and to evaluate the utility of TDM in

improving virologic efficacy.
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Table 1: Results of nelfinavir therapeutic drug nonitoring (pilot study

Sub. | Sex | Age | Wt Ht | ARV exp'd CD4 Viral load | LFT's Gl ARV meds Other meds TSLD NFV M8 M8/NFV
No. (yn) | (kg) | (cm) or naive (cells/mn) [Chiron 3.0] (hr) plasma | plasma ratio
(incl. Pls) (copies/ml) conc. conc. (%)

(mcg/ml) | (mcg/ml)

1 M 47 69 186 exp'd 35 232,984 WNL nl NFV 1000 md b TMP/SMX, 2 3.605 1.821 50.5
RTV 300 mg bid | fluconazole
DLV 400 mg tid | acyclovir, 13.5 4173 1.424 34.1
ABC 300 mg bid | omeprazole,
desipramine,
morphine,
testosterone,

methylphenidate|

2 M 51 79.5| 183 exp'd 485 10,039 WNL diarrhga NRBQ mg bid| TMP/SMX, 2 1.497 0.183 12.2
d4T 20 mg bid acyclovir
ABC 300 mg bid 13 1.209 0.152 12.6

EFV 600 mg qd

3 M 45 | 65.3| nla exp'd 342 89,422 WNL diarrhga NRBQ mg bid| TMP/SMX 3 2.814 1.209 43
AZT 300 mg bid
3TC 150 mg bid

4 M 36 69 182 expd 257 >500,00 WNL diarhga NF\6Q2ng bid | TMP/SMX, 16.6 1.357 0.0348 2.6
ABC 300 mg bid | fluconazole,
EFV 600 mg qd | acyclovir

5 M 33 | 79.5| nla exp'd 73 13,908 WNL diarrhga NF\6A2ng bid [ TMP/SMX 15.5 0.830 0.545 65.7
SQV 1000 mg bid| ketoconazole
d4T 40 mg bid prn

3TC 150 mg bid | nabilone
ABC 300 mg bid | sertaline,
NVP 200 mg bid | amitriptyline,
triazolam,
Tylenol #3
loperamide,
Cotazymé]
LomotilO]

6 M 47 | 94.5| nla exp'd 264 <50 WNL diarrhga NFV 1268 bid | aerosolized 12.5 0.323 0.110 34.1
d4T 40 mg bid pentamidine,
ABC 300 mg bid | I-thyroxine

24




| EFV 600 mg qd

Table 1 (cont'd):

Sub | Sex | Age | Wt Ht ARV CDh4 Viral load | LFT's Gl ARV meds Other meds TSLD NFV M8 M8/NFV
No. (yn) | (kg) | (cm) exp'd or | (cells/mnt [Chiron (hr) plasma | plasma ratio
naive ) 3.0] conc. conc. (%)
(including (copies/ml) (mcg/ml) | (mecg/ml)
Pls)
7 M 29 72 n/a exp'd 441 <50 WNL nl NFV 1250 mg bidTMP/SMX 17 0.759 0.143 18.8
SQV 1000 mg bid
NVP 200 mg bid
AZT 300 mg bid
3TC 150 mg bid
8 M 51 70 180 exp’'d 318 <50 1 diarrhea| NFV 1250 mg bid| TMP/SMX, 1.75 5.559 0.821 14.8
(hepC) SQV 1200 mg bid | fluconazole
d4T 40 mg bid sertaline,
amitriptyline
9 M 46 | 73.3 178 naive 61 <50 WNL nl NFV 1250 mg bjdTMP/SMX, 12.5 1.307 0.566 43.3
AZT 300 mg bid | itraconazole
3TC 150 mg bid
10 M 45 61 n/a naive 219 <50 WNL nl NFV 1250 mg bidTMP/SMX 14 0.0894 0.0246 27.5
AZT 300 mg bid
3TC 150 mg bid
EFV 600 mg qd
Abbreviations
ARV - antiretroviral d4T - stavudine EFV - efastitz n/a - not available TSLD - time since tadfinavir
dose
SQV - saquinavir 3TC - lamivudine NVP - nevirapin exp’'d - experienced LFT’s - liver functiontes

RTV - ritonavir
NFV - nelfinavir

AZT - zidovudine
ABC - abacavir

DLV - delavirdm
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WNL - with in normal limits

nl - normal




Plasma NFV Concentration (mcg/ml)

Figure 1. Plasma Nelfinavir Concentration vs. TimeCurve (Pilot Study)
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