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Chapterr 6 

Abstract t 

Objective e 

Too study the relationship between toxicity and the exposure to nelfinavir and 

saquinavirr as part of a quadruple drug regimen. 

Desig n n 

Thee ADAM study is a randomized study to investigate the feasibility of induction-

maintenancee therapy in HIV-1 infection. 

Methods s 

HIV-1-infectedd patients with no prior use of anti retroviral treatment started 

inductionn therapy consisting of stavudine + lamivudine + nelfinavir + saquinavir for 

aa period of 26 weeks. Data regarding toxicity of the quadruple regimen and 

exposuree to the protease inhibitors were collected. 

Results s 

Sevenn of the 65 patients enrolled had to switch therapy for reasons of toxicity 

withinn the first 26 weeks. Diarrhoea was frequently reported (49 of 65, one 

discontinuation),, but could be relieved by using antidiarrhoeal agents. Laboratory 

monitoringg revealed elevated liver enzymes (leading to 4 discontinuations) and mild 

too moderate elevations of triglycerides and cholesterol (nine and 23 of 65, 

respectively).. The exposure to saquinavir and nelfinavir was lower than expected. 

Abdominall pain was associated with a higher exposure to nelfinavir or saquinavir. 

Thee association of nausea and abdominal distension with drug exposure appeared 

too vary over time. 

Conclusion s s 

Thee quadruple drug regimen was quite well tolerated. Diarrhoea was frequently 

reportedd but could be relieved by the use of antidiarrhoeal agents. In comparison to 

otherr protease inhibitor combinations, lipid abnormalities in plasma were 

infrequentt and mild. With the exception of diarrhoea, ail gastrointestinal complaints 

observedd were found to be associated with the level of exposure to nelfinavir or 

saquinavir.. The exposure to the protease inhibitors was relatively low, although the 

virologiee efficacy of the regimen used was satisfactory. 
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Introductio n n 

AA durable suppression of viral replication in HIV-1 infection can be achieved by 

givingg a combination of three antiretroviral agents.13 Highly active anti retroviral 

therapyy (HAART) can result in clinical benefit in terms of a prolonged (disease-free) 

survival.4,55 The use of more than three agents or a higher exposure to a specific 

antiretrovirall agent might even increase the potency of an antiretroviral regimen.6"9 

However,, the occurrence of side effects may hamper the use of intensified 

treatmentt regimens . 1 0 n 

Proteasee inhibitor combinations are pharmacokinetically favourable in 

antiretrovirall therapy.1213 All protease inhibitors show mild to moderate 

gastrointestinall side effects in addition to a rather unique safety and tolerability 

profile.. Recently, the association between the use of protease inhibitors and the 

occurrencee of a new onset of diabetes mellitus, hyperlipidaemia or peripheral 

lipodystrophyy has been described.14 However, there is only limited data regarding 

thee safety profiles of PI combinations, such as ritonavir or nelfinavir plus 

saquinavir.15"19 9 

AA quadruple induction regimen, consisting of stavudine, lamivudine, nelfinavir, 

andd saquinavir, was used for at least 26 weeks in antiretroviral therapy-naïve 

patientss in the Amsterdam Duration of Antiretroviral Medication (ADAM) study.20 In 

thiss study, the feasibility of an induction-maintenance strategy in HAART was 

investigated.. The preliminary results of the efficacy of this induction-maintenance 

regimenn have already been described.20 In this paper, we focus on the toxicity of 

thee quadruple induction regimen used in the ADAM study and its relationship with 

thee exposure to nelfinavir and saquinavir. 
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Chapte rr  6 

Material ss  and method s 

Patients s 

Thee enrolment of HIV-1-infected patients in this open-label randomised-

controlledd study started in March 1997 and was prematurely discontinued on April 

6,, 1998, as the interim analysis demonstrated increased viral replication in patients 

onn maintenance therapy.20 Patients, aged 18 years or more, were eligible for 

participationn if they had a CD4+ cell count of at least 200 x 106/l in their peripheral 

blood,, 1000 or more HIV-1 RNA copies/mL in plasma, and if they were 

antiretrovirall therapy-naïve. Exclusion criteria were the existence of an active 

opportunisticc infection, active hepatitis C or presence of the hepatitis B surface 

antigen,, women who were breast-feeding or pregnant, the use of 

immunomodulatoryy drugs or investigational drugs up to 1 month prior to the start of 

thee study medication, and certain laboratory parameters (Hb <7 mmol/l (male) or 

<6.55 mmol/l (female), neutropenia <0.75x109/l, aspertate-amino transferase 

(ASAT)/alanine-aminoo transrefase (ALAT) >5 x upper limit of normal (ULN), serum 

creatininee >1.5 x ULN). Drugs such as rifampin or ketoconazole, which have a 

strongg pharmacokinetic interaction with protease inhibitors, were not allowed. 

Writtenn informed consent was obtained from all patients. The Institutional Review 

Boardss of all participating centres approved the study protocol. 

Stud yy desig n 

Alll patients started therapy with a quadruple drug regimen consisting of stavudine 

(400 mg twice daily, or 30 mg twice daily for those with body weight < 60 kg), 

lamivudinee (150 mg twice daily), nelfinavir (750 mg three times a day) and 

saquinavirr hard-gelatin-capsules (saquinavir-HGC, 600 mg three times a day). When 

saquinavirr soft-gelatin-capsules (saquinavir-SGQ became available (1 November 

1997),, all patients using saquinavir-HCC switched to saquinavir-SGC (800 mg three 

timess a day). Roche (Roche NL, Mijdrecht, the Netherlands) provided both 

nelfinavirr and saquinavir-SGC. Patients were instructed to take their medication 

withh food. 

Follow-u p p 

Duringg the induction phase, patients were scheduled to visit the outpatient clinic 

forr clinical assessment and routine laboratory monitoring at the start of treatment 

andd at weeks 1, 2, 4, 8, 16, 24, 25 (for plasma HIV-1 RNA concentration 
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assessmentt only) and 26. Laboratory monitoring included plasma HIV-1 RNA 

concentrationn (Nuclisens HIV-1 RNA QT assays (Organon Teknika, Boxtel, 

Netherlands)),, CD4+ and CD8+ cell count and plasma concentrations of nelfinavir 

andd saquinavir. At baseline no plasma concentrations of nelfinavir and saquinavir 

weree assessed. 

Toxicit yy  gradin g 

Thee occurrence of side effects (signs, symptoms, or laboratory abnormalities) was 

assessedd during each study visit. The severity of each event was graded according to 

thee World Health Organization (WHO) classification (grades 1 to 4; Appendix 1) 

andd the probability of a relationship with the study medication used was indicated 

(seee also Appendix 1).21 As the abnormalities in plasma cholesterol were not graded 

inn the WHO classification, a more recently defined grading system by the AIDS 

Clinicall Trial Group (ACTG) was used for the analysis of this parameter.22 The 

probabilityy of a relationship with the study medication used was indicated and the 

usee of concomitant medication to relieve side effects was recorded. 

Assessmen tt  of dru g exposur e 

Thee quantification of plasma concentrations of nelfinavir and saquinavir was 

performedd using a validated and sensitive reverse-phase high-performance liquid 

chromatographyy (RP-HPLC) assay.23 For each sample the drug plasma concentration 

wass divided by the expected drug concentration at the corresponding time-point, to 

adjustt for the time interval between drug ingestion and the drawing of the sample. 

Thee expected concentrations of nelfinavir or saquinavir at different time points were 

obtainedd from full (8h) pharmacokinetic profiles of both drugs assessed in 18 

patientss participating in the ADAM study.24 These plasma concentration ratios were 

usedd as a measure of exposure to both protease inhibitors. 

Treatmen tt  failur e and discontinuation s 

Afterr attaining a plasma HIV-1 RNA concentration below the quantification limit 

off the ultrasense assay (<50 copies/ml), a plasma HIV-1 RNA concentration above 

4000 copies/ml at two consecutive time points was considered as a treatment failure. 

Inn case of a grade 4 toxicity (WHO classification) or grade 3 toxicity with no 

improvementt after temporary discontinuation (maximum 2 weeks), or the 

recurrencee of a grade 3 toxicity after re-challenge, permanent discontinuation of the 
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studyy medication was obligatory.21 Further therapy was at the discretion of the 

investigatorr after treatment failure or discontinuation of the study medication. 

Analysi s s 

Thee baseline values and the changes from baseline to week 4, 8, 16 and 26 for 

plasmaa HIV-1 RNA concentration, and CD4+ and CD8 + cell counts of all patients 

weree assessed. Patients with and without a specific side effect were compared for 

baselinee values of these parameters and the change from baseline to week 26 (t-

test). . 

Thee proportion of patients experiencing a specific side effect was assessed. In 

addition,, the duration of the side effect within the first 6 months was calculated. 

Onlyy side effects with an incidence of >10% and a possible relationship with the 

studyy medication used were taken into account for analysis. 

Thee correlation coefficient between nelfinavir and saquinavir per patient was 

assessed.. For each patient, the median plasma concentration ratios of nelfinavir and 

saquinavirr over time were calculated. To evaluate whether the plasma 

concentrationn ratio of nelfinavir and saquinavir varied over time, a generalized 

linearr model with mixed effects was estimated (Mixed Models procedure of the 

statisticall package SAS 6.12 for Windows, SAS institute, Cary, North Caroline, USA). 

Thee median plasma concentration ratios of nelfinavir and saquinavir of patients 

onn treatment with or without a specific side effect were compared (Wilcoxon test). 

Inn addition to this comparison between groups of patients, the odds ratio for 

experiencingg a specific side effect at a specific time point for the corresponding drug 

exposuree was estimated by using the generalized estimating equations (GEE) 

method,, taking into account the 'within patient' correlation between time points.25 

Timee (as a factor) and plasma concentration ratio (as a covariate) were included in 

thee model as main effects, as well as the interaction between these two variables. 

Thee analysis was based on the logistic link function and the exchangeable working 

correlationn matrix. Calculations were performed by using the CENMOD procedure 

off the statistical package SAS 6.12 for Windows. To calculate P-values from the 

resultss of the GENMOD procedure, a SAS macro was written using the Wald 

statistic. . 
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Toxicityy and plasma drug concentrations 

Results s 

Patient ss and discontinuation s 

Inn  total, 65 patients (61 males, 94%) were enrolled. The baseline characteristics 

off these patients are summarized in Table 1. Two patients were lost to follow-up 

(onee for logistic reasons, one withdrew from further medical follow-up after moving 

too another city). One patient discontinued his study medication due to virologie 

failuree at week 24. Of the remaining 62 patients, seven patients discontinued the 

studyy medication due to side effects within the first 26 weeks {see Toxicity). 

Tablee 1 Baseline characteristics 

Characteristicc All patients (n=65) 

Male* * 
Agee {years)b 

CDC*classification26 6 

Aa a 

Ba a 

C C 
CD4++ cell count (x 106 cells/!)0 

CD8++ cell count (x 106 cells/l)c 

log10HIV-11 RNA (copies/mL) 

Valuess are * number (%); h mean (  SD);c median (interquartile range). 

CD4++ and CD8+ cel l coun t and plasm a HIV-1 RNA concentration s durin g 

therap y y 

Thee median CD4+ cell count rose from 410 x 106at baseline to 560 x 106 cells/I 

att week 26. The median CD8+ cell count decreased from 1050 x 106at baseline to 

9700 x 106cells/l at week 26. The median baseline plasma HIV-1 RNA concentration 

wass 4.51 log10 copies/ml. At weeks 4, 8, 16 and 26, the median plasma HIV-1 RNA 

concentrationn declined to 2.58, 2.42, 2.25 and 1.54 log10 copies/ml, respectively. 

Toxicity y 

Thee frequency of the occurrence of side effects, the median of the total duration 

off the side effect per patient in this population and the percentage with a grade 1, 

2,, 3, or 4 severity are summarized in Table 2. If the use of loperamide was longer 

thann the duration of diarrhoea, the duration of diarrhoea was extended for the 

periodd during which loperamide was used and the severity was graded as 1. 

61 1 
39 9 

47 7 
16 6 
2 2 

410 0 
105 0 0 
4.5 1 1 

(94 ) ) 
(±8 ) ) 

(72 ) ) 
(25 ) ) 
(3 ) ) 
(320-510 ) ) 
(910-1460 ) ) 
(4.18-5.04 ) ) 
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Clinicall  side effects 
Forty-ninee of the 65 patients suffered from diarrhoea, mostly consisting of loose 

orr watery stools, two or three times daily. Loperamide was used in 30 patients for a 

meann duration of 128 days (SD: 61) to relieve the complaint. Diarrhoea led to 

discontinuationn of the study medication in one patient, after 8 weeks. Other side 

effectss leading to discontinuation of the study medication were headache (one 

patient,, week 22), and peripheral neuropathy, probably related to the use of 

stavudinee (one patient, week 24). In addition to gastrointestinal side effects such as 

abdominall pain, nausea and abdominal distension, fatigue and headache were 

frequentlyy reported. No peripheral lipodystrophy was observed within the first 26 

weekss of treatment. 

Tablee 2 Toxicity 

Sidee effec t 

Clinica l l 
Diarrhoeab b 

Nausea a 
Abdominall pain 
Abdominall distension 

Fatigue e 
Headache e 

Laborator y y 
Elevatedd liver enzymes 
Elevatedd cholesterol 
Elevatedd triglycerides 

Frequenc y y 
N N 

49 9 
13 3 
9 9 
8 8 

18 8 
11 1 

12 2 
23 3 
9 9 

(%) ) 

(75) ) 
(20) ) 
(14) ) 
(12) ) 
(27) ) 
(17) ) 

(18) ) 
(35) ) 
(14) ) 

Duratio nn  (days) 
Mediann (IQR) 

988 (42-164) 
122 (4-162) 
400 (13-122) 
633 (19-107) 
555 (21-167) 
444 (30-127) 

277 (14-56) 
144 (14-67) 
700 (14-168) 

1 1 

51 1 
77 77 
57 7 
75 5 
72 2 

73 3 

50 0 

--
--

Severit yy  (%)a 

2 2 

43 3 
23 3 
29 9 
25 5 
28 8 
18 8 

17 7 
88 8 
100 0 

3 3 

6 6 

--
14 4 

--
--
--

17 7 
12 2 

--

4 4 

--
--
--
--
--
--

16 6 

--
--

dd See also Appendix 12 1 ' " ; b Corrected for the use of loperamide. IQR, interquartile range. 

Abnormalitie ss of laborator y value s 

Mildd to severe elevations of the liver enzymes occurred in 12 patients. In four of 

thesee patients the elevated liver enzymes resulted in a discontinuation of the study 

medicationn (at week 4, 8, 16, and 20, respectively). The occurrence of elevated 

cholesteroll in plasma was frequent; 23 out of 65 patients (35%). However the 

cholesteroll level rose above 7.7 mmol/l in only six of these 23 patients. 

Hypertriglyceridaemiaa was less frequent and did not exceed grade 2 severity. No 

hyperglycaemiaa or glycosuria was observed within the first 26 weeks of treatment. 

Toxicit yy  and patien t characteristic s 

Patientss with or without a specific complaint did not differ with respect to their 

baselinee characteristics. Only patients complaining about fatigue had a lower 
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baselinee CD44- cell count and a higher plasma HIV-1 RNA concentration compared 

too patients without this complaint (t-test P =0.02 and P =0.03, respectively). The 

patientss complaining of abdominal pain had a greater decrease in their plasma HIV-

11 RNA concentration at week 26 than patients without abdominal pain (t-test 

P=0.02;; data not shown). 

o o 
S3 3 
CD D 
i _ _ 
C C 
O O 
* 3 3 
CO O 
tm tm 
4-1 1 
C C 
0) ) 
Ü Ü 

§ 1 1 
Ü Ü 
U) U) 
3 3 

(0 0 
E E 
co o 
j 0 0 
Q. . 

- * " "" « i 

0-II  19 38 43 
i — i — r r 

42 2 

8 8 

37 7 366 36 

12 2 16 6 20 0 
- r --

24 4 
Weekss sinc e star t of treatmen t 

Figur ee 1 Median plasma concentration ratios of nelfinavir (dashed line) and saquinavir (solid line) 
overr time. The numbers at the bottom of the figure represent the number of samples 
availablee for the different time points. Bars represent interquartile ranges. 

Drugg exposur e 

Thee correlation coefficient between the nelfinavir and saquinavir plasma 

concentrationss per patient was calculated. The mean correlation coefficient in this 

groupp of patients was 0.55 (95% confidence interval (CI) 0.41 - 0.67); calculation of 

thee confidence intervals was based on the Fisher transformation of the mean. As a 

resultt of unknown time intervals (e.g. either an unknown time of medication intake 

and/orr the drawing of the sample), plasma drug concentration ratios could only be 

calculatedd at two or more time points in 56 patients. The median plasma 

concentrationn ratio over time per patient for nelfinavir and saquinavir varied 

betweenn 0.11 and 1.31 for nelfinavir (median 0.60; inter-quartile range (IQR) 0.44-
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0.86)) and between 0.11 and 6.50 for saquinavir (median 0.75; IQR 0.42-1.37). For 

bothh nelfinavir and saquinavir, the median plasma concentration ratios were 

significantlyy lower than 1 (95% CI 0.59 - 0.93 and 0.51 - 0.68, respectively); 

calculationn of the confidence intervals was based on the geometric mean. The 

plasmaa concentration ratios of nelfinavir and saquinavir in these patients did not 

changee over time (Fig. 1; analysis of repeated measures P =0.76 and P =0.68 for 

nelfinavirr and saquinavir, respectively). 

Tablee 3 Toxicit y and plasm a concentratio n ratio s 

Sidee effec t 

Diarrhoea a 

Nausea a 

Abdominall distension 

Abdominall pain 

Headache e 

Fatigue e 

Elevatedd liver enzymes 

Elevatedd cholesterol 

Elevatedd triglycerides 

Yes s 
No o 

Yes s 
No o 

Yes s 
No o 

Yes s 
No o 

Yes s 
No o 

Yes s 
No o 

Yes s 
No o 

Yes s 
No o 

Yes s 
No o 

N N 

41 1 
15 5 

11 1 
45 5 

8 8 
48 8 

8 8 
48 8 

10 0 
46 6 

17 7 
39 9 

9 9 
47 7 

19 9 
36 6 

9 9 
46 6 

Mediann plasm a 

NFV V 

mediann (IQR) 

0.599 (0.44-0.83) 
0.62(0.51-1.05) ) 

0.59(0.41-0.77) ) 
0.600 (0.45-0.87) 

0.577 (0.43-0.81) 
0.600 (0.44-0.88) 

0.95(0.61-1.23)** * 
0.599 (0.44-0.83)** 

0.599 (0.44-0.90) 
0.600 (0.45-0.85) 

0.58(0.51-0.81) ) 
0.611 (0.41-0.89) 

0.600 (0.44-0.87) 
0.600 (0.45-0.85) 

0.611 (0.41-0.95) 
0.600 (0.46-0.83) 

0.94(0.51-1.01) ) 
0.600 (0.44-0.83) 

concentratio nn rati o 

SQV V 

mediann (IQR) 

0.611 (0.34-1.02)* 
1.19(0.65-1.66)* * 

0.78(0.27-1.52) ) 
0.70(0.43-1.36) ) 

0.388 (0.29-0.85) 
0.78(0.45-1.57) ) 

1.73(0.83-2.70)** * 
0.68(0.42-1.10)** * 

0.70(0.45-1.36) ) 
0.755 (0.42-1.39) 

0.78(0.43-1.52) ) 
0.72(0.89-1.36) ) 

0.78(0.45-1.34) ) 
0.72(0.42-1.39) ) 

0.67(0.28-1.39) ) 
0.755 (0.44-1.23) 

0.67(0.28-1.82) ) 
0.755 (0.42-1.34) 

IQR,, inter quartile range. * P =0.04 (Wilcoxon Test); ** P =0.02 for nelfinavir and P =0.05 for saquinavir (Wilcoxon 
Test). . 

Toxicit yy  and dru g exposur e 

Thee median plasma drug concentration ratios over time of patients with and 

withoutt a specific complaint, are tabulated in Table 3. Patients with abdominal pain 

appearedd to have higher plasma concentration ratios for nelfinavir and saquinavir 

thann patients without this complaint (Wilcoxon test: P =0.02 and P =0.05, 

respectively). . 
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nelfinavirnelfinavir saquinavir 
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Diarrhoea a 

Figur ee 2 Plasma concentration ratios of nelfinavir and saquinavir in patients with and without 
diarrhoea.. Left side, nelfinavir; right side, saquinavir. Dots, patients with diarrhoea; 
circles,, patients without diarrhoea. 

Thee patients with diarrhoea had lower saquinavir plasma concentration ratios 

thann patients without diarrhoea (Fig. 2; Wilcoxon test: P =0.04). No differences in 

drugg exposure were found for any of the other side effects. 

Usingg the GEE method, the occurrence of diarrhoea was found to be associated 

withh the exposure to nelfinavir and not with the exposure to saquinavir (Fig. 3A), 

evenn if the diarrhoea was not corrected for the use of loperamide (data not shown). 

Forr the other gastrointestinal complaints, evidence was found for a time-dependent 

relationshipp with the plasma drug concentration ratios (Figures 3B-D). Both 

abdominall distension and nausea became associated with a low exposure to 

nelfinavirr and saquinavir after the first weeks of therapy and for nausea, this 

associationn seemed to increase over time (P<0.001). The association between 

abdominall pain and a high drug exposure remained present during the entire 

treatmentt period (P<0.001). For all other complaints, no evidence was found for a 

relationshipp with plasma drug exposure (data not shown). 
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Associatio nn with the 
exposur ee to nelfinavi r 

Associatio nn with the 
exposur ee to saquinavi r 

44 6 12 16 20 24 

Weekss since start of treatment 

-H H 

44 8 12 16 20 24 
Weekss since start of treatment 

o.i i 

00 01-

0.001 1 

0.0001J J 

Weekss since start of treatment Weekss since start of treatment 

abdominall distension 

Weekss since start of treatment 

abdominall distension 

% % 

44 8 12 16 20 24 

Weekss since start of treatment 

1000 0 

100--

0.01--

0.0011 • 

abdominall pain abdominall pain 

Weekss since start of treatment Weekss since start of treatment 

Figur ee 3 The association between a certain side effect and exposure to nelfinavir (left column of 

figures)) or saquinavir (right column of figures). In each figure, the dotted line represents 

ann odds ratio of one, e.g. no association, whereas the solid line represents the odds ratio 

betweenn a certain side effect and exposure to nelfinavir or saquinavir over time. Bars 

representt the 95% confidence interval. 
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Discussio n n 

Thee quadruple induction therapy in the ADAM study was quite well tolerated. 

Sevenn out of 65 patients had to discontinue their study medication within the first 

266 weeks of therapy. The incidence and severity of the observed side effects were 

comparablee with those reported in other studies.15'1626'27 The most frequently 

reportedd side effect, diarrhoea, led to discontinuation of the anti retroviral drug 

combinationn in only one patient. Although tolerable with the use of loperamide, 

diarrhoeaa was persistent in almost all patients. Furthermore, the occurrence of 

diarrhoeaa was not consistently associated with the exposure to nelfinavir or 

saquinavir,, in contrast to other gastrointestinal complaints. 

Recently,, many studies have focussed on the association between protease 

inhibitorr use and the occurrence of a new onset of diabetes mellitus, lipodystrophy 

orr hyperlipidaemia.14 The median time to the development of peripheral 

lipodystrophyy was reported to be ten months which might explain why this side 

effectt was not yet observed within our population.14 Hyperlipidaemia was present 

withinn the observed treatment period, although the elevations of triglycerides and 

cholesteroll were usually mild and infrequent in comparison to those reported in 

studiess using a combination of ritonavir and saquinavir.17"19 

Surprisingly,, the plasma concentrations of nelfinavir and saquinavir obtained 

weree relatively low compared with the expected levels obtained under standardized 

conditions.. These expected plasma drug concentrations obtained in a clinical setting 

andd after the use of a standard meal, probably resulted in higher plasma drug levels 

thann those obtained in daily practice. This was found even though all patients in this 

studyy were instructed to take their medication with food. Despite this low exposure, 

virologiee efficacy of the quadruple regimen was found to be satisfactory in the first 

266 weeks. Only one patient failed to attain plasma HIV-1 RNA concentrations 

beloww 400 copies per ml. However, it remains to be seen whether these plasma 

drugg concentrations are sufficient for durable suppression of the viral replication. 

Inn contrast to the findings of Khaliq et a/, the plasma concentration ratios of the 

proteasee inhibitors in the antiretroviral combination used in the ADAM study did 

nott decline during the first 26 weeks.29 However, by replacing saquinavir HCC with 

saquinavirr SCC, the exposure to saquinavir within this population may have been 

maintainedd over time.30,31 
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Figuree 1 illustrates the variation of plasma concentration ratios of nelfinavir and 

saquinavirr in patients over time. Considering this wide variation, the odds ratio for 

thee occurrence of a specific side effect at a specific time point as a result of drug 

exposuree was estimated. Most gastrointestinal complaints were found to have a 

time-dependentt relationship with drug exposure. For both nausea and abdominal 

distension,, the association with drug exposure varied within the first weeks of 

treatment.. This change of association within the first weeks of treatment could 

indicatee that the pharmacokinetics of the drugs and the tolerance of the patient had 

nott yet reached an equilibrium. In addition, the use of stavudine and lamivudine 

mightt have concealed a possible relationship of nausea with the exposure to 

proteasee inhibitors. After the first weeks of therapy, however, abdominal distension 

andd nausea were both associated with a low exposure to the protease inhibitors 

used.. For nausea this association became even stronger over time. This could 

indicatee a reduced uptake of the protease inhibitors in these patients, but could also 

illustratee that especially patients with nausea developed a less compliant behaviour, 

resultingg in low plasma drug concentrations. Plasma drug monitoring in these 

patientss could be useful when virologie efficacy appears insufficient. 

Thee patients with abdominal pain were found to have both a high drug exposure 

ass well as a greater decrease in HIV-1 RNA within the first 26 weeks. Hoetelmans et 

a/,, found that a higher clearance rate of HIV-1 RNA was found in patients with a 

higherr exposure to nelfinavir and saquinavir.9 It may therefore be concluded that 

thee elevation of drug exposure to nelfinavir and saquinavir in order to increase 

virologiee effectiveness might be hampered by the occurrence of abdominal pain. 

Inn dose-finding studies, diarrhoea appeared to be the dose-limiting side effect of 

nelfinavir,32,333 while a higher bio-availability of saquinavir was more likely to cause 

diarrhoea,, suggesting a relationship between the exposure to a PI and the 

occurrencee of this side effect.3134 The patients with diarrhoea in our study were 

foundd to have lower levels of saquinavir than patients without diarrhoea (Wilcoxon 

test).. This was however not confirmed using the GEE method. In fact, using this 

moree sensitive method, the occurrence of diarrhoea was not related to the exposure 

too saquinavir, but had an inconsistent association with the exposure to nelfinavir. It 

iss possible that the occurrence of diarrhoea has been both a cause and an outcome 

off drug exposure, which might have concealed a significant association. 

Nonee of the other clinical or laboratory abnormalities could be related to the 

observedd drug exposure. The occurrence of fatigue and headache might be 

explainedd by the (continuous) use of nucleoside reverse transcriptase inhibitors as 
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well.. In addition, fatigue is a side effect that is more likely to occur in patients with a 

moree advanced disease stage. This was confirmed in our study since patients 

experiencingg fatigue had a significantly lower CD4+ cell count and a higher HIV-1 

RNAA concentration in plasma at baseline than patients without this complaint 

Inn conclusion, the quadruple induction therapy was quite well tolerated. 

Diarrhoeaa was the most frequently reported side effect. During the first 26 weeks of 

therapy,, the elevations of plasma triglycerides and cholesterol were mild and 

infrequentt in comparison to those observed in other protease inhibitor 

combinations.. Clear and time-dependent relationships with the amount of drug 

exposuree were only found for nausea, abdominal distension and abdominal pain. 

Thee exposure to the protease inhibitors in this population was lower than expected, 

suggestingg that the compliance to timing, dosing and food intake required may not 

bee achieved in daily practice. Nevertheless, the virologie efficacy of the quadruple 

drugg regimen was quite satisfactory. 
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