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Chapte rr  8 

Abstrac t t 

Inn the ADAM study, a study investigating the feasibility of induction maintenance 

therapy,, a combination of four antiretroviral agents was used as an induction 

therapyy for 26 or 50 weeks. In 12/65 HIV-1-infected patients participating this 

study,, concentrations of stavudine, lamivudine, nelfinavir, and saquinavir, were 

assessedd in plasma, cerebrospinal fluid (CSF) and semen after 26 or 50 weeks of 

continuouss treatment. Five of them could not obtain semen on the requested day. 

Twoo patients refused a lumbar puncture. In all but one patient, the HIV-1 RNA 

concentrationn in both plasma and CSF had declined below 400 copies/mL at the 

timee of sampling. The median plasma concentration of stavudine, lamivudine, 

saquinavir,, and nelfinavir was 84 ng/mL, 359 ng/mL, 387 ng/mL, and 1190 ng/mL, 

respectively.. Of the protease inhibitors, only saquinavir was detected at a low 

concentrationn in seminal plasma. Neither nelfinavir nor saquinavir was detected in 

thee CSF. Concentrations of stavudine and lamivudine in seminal plasma were higher 

thann in CSF: 104 vs. 49 ng/mL for stavudine (NS) and 1329 vs. 100 ng/mL for 

lamivudinee (p=0.006). For lamivudine, seminal plasma/blood plasma ratios were 

significantlyy higher than CSF/blood plasma ratios. These data support the hypothesis 

thatt poor penetration of the central nervous system and the male genital tract by 

antiretrovirall drugs can contribute to differences in viral dynamics in these 

compartments. . 
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Drugg concentration s in plasma , CSF, and semina l plasm a 

Introductio n n 

Antii retroviral therapy decreases the levels of human immunodeficiency virus type 

11 (HIV-1) in plasma, cerebrospinal fluid (CSF) and semen.1"3 However, the decline of 

HIV-11 RNA concentrations and the evolution of virus in the CSF or semen during 

therapyy has not always been comparable to those in plasma, indicating viral 

comm partmental isation.4,5 A poor penetration of the male genital tract and the central 

nervouss system by antiretroviral drugs is suggested to contribute to the differences in 

thee viral dynamics in these compartments. 

Comparedd to other antiretroviral drugs, the penetration of the protease inhibitors 

(Pis)) into the CSF is relatively poor. In general, Pis are highly bound to plasma 

proteinss and are not very lipid-soluble, impeding the entry of these d r u ^ into the 

CSF.66 Reported concentrations of ritonavir, saquinavir and nelfinavir in CSF are low 

orr below the lower limit of quantification.7,8 As an exception (possibly due to limited 

bindingg to plasma proteins), indinavir has been reported to enter the CSF in 

concentrationss above the in vitro 95% inhibitory concentration.9 NRTIs penetrate 

thee CSF, although the reported concentrations in CSF are usually lower than in 

plasma.10 0 

Thee penetration into the genital tract seems to vary between the different Pis. Taylor 

ett al. showed good penetration of indinavir in contrast to poor penetration of 

ritonavirr and saquinavir into the seminal plasma.11 Recently, Pereira et al. reported 

thee concentrations of zidovudine and lamivudine in the semen and plasma of nine 

patients.. Zidovudine concentrations and especially lamivudine concentrations in 

semenn were higher than in plasma and were associated with a reduction of HIV-1 

RNAA concentrations in both seminal and blood plasma.12 

Inn the ADAM study, a study investigating the feasibility of induction maintenance 

therapy,, a combination of four antiretroviral drugs was used as an induction therapy 

forr 26 or 50 weeks.13 In this study, plasma, CSF, and semen were obtained in a 

subsett of patients and the concentrations of stavudine, lamivudine, nelfinavir, and 

saquinavirr were investigated. 
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Method s s 

Thee ADA M stud y 

Inn the ADAM study, an open-label randomised-controlled study, the feasibility of 

inductionn maintenance therapy in anti retroviral treatment was investigated. A 

quadruplee induction regimen, consisting of stavudine, lamivudine, saquinavir, and 

nelfinavir,, was used for 26 weeks in anti retroviral therapy-naive patients. At week 

26,, patients were randomised to either maintenance therapy or the prolongation of 

thee quadruple drug regimen. In the latter group, a second randomisation was 

performedd after 50 weeks of treatment. Patients, methods and the efficacy results of 

thee induction-maintenance regimen in the ADAM study have been described 

elsewhere.13 3 

Ass part of the ADAM study, patients were asked to participate in a sub-study to 

assesss the concentrations of the antiretroviral medication used in plasma, CSF and 

semen.. The institutional review boards of all participating institutions approved this 

sub-studyy and written informed consent was obtained. 

Patient s s 

Att the time of assessment, patients had to be using a quadruple drug regimen 

consistingg of stavudine, (40 mg BID, or 30 mg BID if body weight < 60 kg), 

lamivudinee (150 mg BID), saquinavir hard-gelatin-capsules (600 mg TID) and 

nelfinavirr (750 mg TID). When saquinavir soft-gelatin-capsules became available 

(Novemberr 1st 1997), all patients using saquinavir hard-gelatin-capsules (600 mg 

TID)) switched to saquinavir soft-gelatin capsules (800 mg TID). Patients were 

instructedd to take their medication with food. 

Samples s 

Onn the day of sampling, patients were instructed to collect semen in a 50 mL 

sterilee collection tube. Within 6 h of collection, semen was frozen at C until 

testing.. On the same day, a lumbar puncture was performed at a random time 

point.. Part of the obtained CSF was used for an immediate assessment of the 

numberr of cells and the concentration of proteins and glucose. The other part was 

storedd at C until analysis. Immediately after the lumbar puncture, heparinized 

bloodd was obtained by venipuncture for an assessment of stavudine, lamivudine, 

saquinavir,, and nelfinavir concentrations. The time of last medication intake and the 

timee of sample withdrawal were recorded. 

114 4 



Drugg concentration s in plasma , CSF, and semina l plasm a 

Thee concentrations of stavudine and lamivudine in plasma, CSF, and seminal 

plasmaa were quantified simultaneously using an HPLC-assay.14 Stavudine and 

lamivudinee were extracted from plasma, CSF, and seminal plasma using silica 

extractionn columns prior to isocratic, reversed-phase HPLC with ultraviolet detection 

att 270 nm. The method has been validated over the range of 10-5,000 ng'mL using 

aa 500 /A sample volume. Simultaneous quantification of saquinavir and nelfinavir in 

plasma,, CSF, and seminal plasma was performed using an HPLC-assay, as previously 

published.155 Briefly, sample pre-treatment consisted of solid-phase extraction. 

Seminall plasma and CSF samples were diluted with blank human plasma (1:1 v/v) 

priorr to isocratic ion-pair, reversed-phase HPLC and were detected at 239 and 210 

nm,, respectively. The lower limit of quantification for saquinavir and nelfinavir was 

255 and 50 ng/mL, respectively, using a 600 U.L sample volume. The assay was linear 

upp to concentrations of at least 25 u.g/mL. 

Thee HIV-1 RNA concentration in plasma, CSF, and seminal plasma was measured 

usingg a commercially available PCR assay with a variable lower limit of detection 

(Amplicorr HIV Monitor Test, Roche Diagnostic Systems Inc., Branchburg, NJ, USA). 

Statistica ll  analysi s 

Alll data were tabulated. Median and interquartile ranges were calculated. If the 

valuee of the HIV-1 RNA concentration or the drug concentration was below the 

lowerr limit of quantification, the value of the cut-off point was used for all 

calculations.. Seminal plasma/blood plasma concentration ratios and CSF/blood 

plasmaa concentration ratios were used as a measure for drug penetration into these 

tissues. . 

115 5 



Chapterr 8 

Patient s s 

Off the 65 patients in the ADAM study, 12 patients were willing to participate in 

thee sub-study. In one patient the time of assessment was not according to protocol, 

hee had a lumbar puncture at week 12 for a medical reason and did not supply any 

semen.. Four patients did not succeed in obtaining semen on the requested day. 

Twoo patients refused the lumbar puncture for logistic or personal reasons, but were 

ablee to collect semen. 

Tabl ee 1 

Patien t t 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 

Media n n 
Range e 

Patien tt  characteristic s 

age age 

49 9 
48 8 
43 3 
35 5 
30 0 
31 1 
42 2 
41 1 
46 6 
44 4 
50 0 
39 9 

43 3 
30-50 0 

heigth heigth 
cm cm 

180 0 
174 4 
183 3 
200 0 
190 0 
170 0 
176 6 
187 7 
168 8 

191 1 
175 5 
182 2 

181 1 
168-200 0 

weight weight 

kg kg 

76 6 
62 2 

86 6 
91 1 
92 2 
78 8 
66 6 
83 3 
70 0 
84 4 
74 4 

90 0 

81 1 
62-92 2 

CDC C 

A A 
A A 
A A 
A A 
B B 
A A 
A A 
A A 
B B 
A A 
A A 
A A 

HIV-1HIV-1 RNA 
copies/mL L 

200000 0 
110000 0 
46000 0 
4200 0 

180000 0 
29000 0 

120000 0 
270000 0 
17000 0 

16163 3 
112758 8 
10464 4 

78000 0 
4200-270000 0 

CD4CD4+ + 

cells/mmcells/mm3 3 

310 0 
420 0 
500 0 
490 0 
440 0 
300 0 
230 0 
410 0 
180 0 
300 0 
340 0 
560 0 

380 0 
180-560 0 

CD8CD8 + 

cells/mmcells/mm3 3 

2090 0 
530 0 

1800 0 
500 0 

2710 0 
1510 0 
710 0 

1820 0 
780 0 
320 0 

2840 0 
1000 0 

1260 0 
320-2840 0 

Patien tt  characteristic s 

Characteristicss of all participating patients at baseline and at time of sampling are 

tabulatedd in Tables 1 and 2. None of the patients was diagnosed as having AIDS. 

Thee median CD4+- and CD8+ cell count at baseline was 380 and 1260 cells/mm3, 

respectively.. All but one patient (12) were using saquinavir - SCC at time of 

sampling.. In all patients the CD4+ cell count increased during therapy. The median 

plasmaa HIV-1 RNA concentration at baseline was 4.89 log10 copies/mL In one 

patientt the plasma HIV-1 RNA concentration was >400 copies/mL at the time of 

sampling.. In all other patients, the plasma HIV-1 RNA concentration had declined 

beloww 400 copies per mL, although in four of these patients the plasma HIV-1 RNA 

wass detectable (Table 1). 
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Nonee of the patients had a neurologic disease or genital infection at the time of 

sampling.. The median total protein concentration in CSF was 0.45 g/L (IQR 0.28-

0.477 g/L), and the total cell count in CSF did not exceed 14 cells/|xL (data not 

shown). . 

Tablee 2 Parameters at the time of sampling 

Patien t t 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 

Media n n 
Range e 

week week 

50 0 
50 0 
50 0 
26 6 
26 6 
26 6 
26 6 
26 6 
26 6 
12 2 
26 6 
26 6 

CD4+ CD4+ 
cells/mm3 3 

490 0 
630 0 
810 0 
750 0 
660 0 
340 0 
430 0 
690 0 
240 0 
320 0 
390 0 
670 0 

560 0 
240-810 0 

CD8CD8+ + 

cells/mm3 3 

930 0 
630 0 

1650 0 
790 0 

1950 0 
1040 0 
720 0 

1980 0 
790 0 
230 0 

1180 0 

860 0 

900 0 
230-1980 0 

HIV-1HIV-1 RNA 
copies/mL L 

plasma a 

<18 8 
64 4 

<16 6 
<20 0 

186 6 
<20 0 
34 4 
26 6 

<39 9 
<27 7 

13890 0 

<18 8 

<27 7 
<16-13890 0 

HIV-1HIV-1 RNA 
copies/mL L 

CSF CSF 

<27 7 
<23 3 
<28 8 
23 3 

--
<27 7 
<29 9 
NA* * 
<4 4 

<21 1 
1514 4 

--

<27 7 
<4-1514 4 

*NA:: not assessed; - : not sampled 

HIV-11 RNA 

Thee HIV-1 RNA concentrations in plasma and CSF were assessed in 12 and 10 

sampless respectively (Table 2). HIV-1 RNA concentrations in CSF were in the same 

orderr of magnitude than those in plasma. Two patients had a detectable HIV-1 RNA 

concentrationn in CSF. One of these patients also had a high HIV-1 RNA in plasma. 

Thiss patient might not have been compliant with the study medication, since drug 

levelss of this patient were in the lower range (See Table 3). Unfortunately, HIV-1 

RNAA assessment in semen failed due to processing errors. 

Drugg concentrations of the NRTIs and Pis in plasma, CSF and seminal plasma are 

listedd in Table 3. The median plasma concentration of stavudine and lamivudine 

wass 84 ng/mL (range < 10-321 ng/mL) and 359 ng/mL (range 135-1187 ng/mL), 

respectively.. Nelfinavir and saquinavir were present in plasma at a median 

concentrationn of 1190 ng/mL (range 870-2860 ng/mL) and 387 ngVnL (range 57-

10622 ng/mL), respectively. 

117 7 



Chapterr 8 

Tablee 3 Drug concentrations in plasma, CSF, and semen 

Patien t t 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 

Media n n 
Range e 

plasma plasma 

173 3 
77 77 
33 3 

78 8 
210 0 
157 7 
321 1 
36 6 

91 1 
39 9 

<10 0 
194 4 

84 4 
10-321 1 

stavudin e e 
(ng/mL) ) 

CSF CSF 

41 1 
65 5 
74 4 
33 3 

--
32 2 
58 8 
61 1 
80 0 
41 1 
34 4 

--

49 9 
34-80 0 

semen n 

. . 
--

103 3 

--
183 3 
33 3 
30 0 

104 4 
127 7 

--
--

1273 3 

104 4 

30-1273 3 

plasma plasma 

1016 6 
1173 3 
329 9 
231 1 

1187 7 
736 6 
789 9 
244 4 

388 8 
166 6 
135 5 
319 9 

359 9 
135-1187 7 

lamivudin e e 
(ng/mL) ) 
CSF CSF 

110 0 
409 9 
120 0 
38 8 

--
90 0 
65 5 
110 0 
119 9 
63 3 
67 7 

--

100 0 
38-409 9 

semen semen 

. . 
--

1329 9 

--
1349 9 
1894 4 
454 4 
794 4 
664 4 

--
--

6642 2 

1329 9 
454-6642 2 

Drugg concentration s 

Thee penetration of the CSF by NRTIs was limited. The median concentration of 

stavudinee and lamivudine in CSF was 49 ng/mL (range 32-80) and 100 ng/mL (range 

38-409)) respectively. These concentrations of stavudine and lamivudine in CSF 

weree usually above the in vitro IC50 concentrations for most reported wild-type HIV-

11 strains.16,17 Neither saquinavir nor nelfinavir was detected in the CSF. 

Bothh stavudine and lamivudine were present in semen (median 104 ng/mL (range 

30-1273),, and median 1329 ng/mL (range 454-6642 ng/mL), respectively). Of the 

Piss only saquinavir was present at a low concentration in three of eight semen 

samples. . 

Inn some patients the time interval between drug intake and time of sampling was 

nott known. CSF and plasma were drawn as a paired sample at a median time 

intervall of 3.5h (range 0.33-7h, n=9)). Semen was usually sampled close to the 

time-pointt of medication intake (median 0.1 h (range -0.5-1.75h, n=5)). Figure 1 

illustratess the CSF, semen and plasma concentrations of stavudine and lamivudine in 

relationn to the time interval between drug intake and time of sampling. 

Thee CSF/blood plasma and seminal plasma/blood plasma concentration ratios 

weree used as a measure for penetration of the NRTI into the CSF and semen. Using 

thesee ratios, the penetration of stavudine into the CSF and semen appeared 

comparablee (median CSF/blood plasma ratio 0.87, IQR 0.23-1.69; median seminal 

plasma/bloodd plasma ratio 1.41, IQR 0.06-3.18). 
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Tabl ee 3 continue d 

Patien t t 

1 1 
2 2 
3 3 
4 4 

5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 

Media n n 
Range e 

plasma plasma 

821 1 
1062 2 

84 4 
57 7 

619 9 
220 0 
323 3 
65 5 

450 0 
497 7 
110 0 
549 9 

387 7 
57-1062 2 

saquinavi r r 
(rig/mL) ) 

CSF CSF 

<25 5 
<25 5 
<25 5 
<25 5 

--
<25 5 
<25 5 
<25 5 
<25 5 
<25 5 
<25 5 

--

. . 
--

semen n 

. . 
--

45 5 

--
<25 5 
<25 5 
<25 5 
<25 5 
46 6 

--
--

62 2 

<25 5 
<25-62 2 

plasma plasma 

1270 0 
2860 0 

870 0 
910 0 

1530 0 
1110 0 
910 0 
920 0 

2055 5 
1490 0 
980 0 

2300 0 

1190 0 
870-2860 0 

netfinavi r r 
(ng/mL) ) 

CSF CSF 

< 5 0 0 
< 5 0 0 
<50 0 
<50 0 

--
<50 0 
< 5 0 0 
< 5 0 0 
< 5 0 0 
< 5 0 0 
< 5 0 0 

--

_ _ 
--

semen semen 

. . 
--
<50 0 

--
< 5 0 0 
< 5 0 0 
<50 0 
<50 0 
<50 0 

--
--
<50 0 

. . 
--

-:: not sampled 

Thee penetration of lamivudine was, however, significantly higher in semen than 

inn CSF (Figure 2; median CSF/blood plasma ratio 0.33, IQR 0.12-0.38; median 

seminall plasma/blood plasma ratio 2.57, IQR 1.14-4.04). 

Uponn comparing absolute concentrations of plasma, CSF and semen, the 

lamivudinee concentrations in semen were higher than the concentrations in both 

CSFF and plasma (Figure 3; p=0.006 and p=0.02, respectively). 
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Figur ee 1 The concentrations of NRTIs and the time interval between medication intake and 
sampling.. The white dots represent blood plasma concentrations and the black dots 
andd stars represent CSF and seminal plasma concentrations, respectively. 
Panell A: Stavudine. 
Panell B: Lamivudine. 
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Discussio n n 

Too our knowledge, these are the first data regarding the concentrations of 

stavudine,, lamivudine, nelfinavir, and saquinavir in both CSF and semen of HIV-1-

infectedd patients. In most patients, the concentration of stavudine and lamivudine 

thatt entered the semen was higher than the CSF. In most cases, nelfinavir and 

saquinavirr were not detectable in CSF and semen. These findings confirm that the 

malee genital tract and the central nervous system should be considered as different 

biologicall compartments (as compared to plasma) from a pharmacokinetic point of 

view.. Different penetration of anti retroviral agents may therefore attribute to distinct 

virall dynamics in the different body compartments. 

Althoughh data are limited, the blood tissue barrier of the male genital tract is 

assumedd to behave like a lipid barrier.18 Passive diffusion from blood to semen is 

thereforee hypothesised to become facilitated if an agent has high lipid solubility, a 

loww plasma protein-binding, and a favourable dissociation constant.18 This 

dissociationn constant indicates the pH at which equimolar concentrations of non-

ionisedd and ionised forms of the drug exist. Non-ionised compounds diffuse more 

easilyy across lipid barriers. In addition, ion-trapping mechanisms can attribute to the 

accumulationn of acid compounds in alkaline compartments and of basic compounds 

inn acidic compartments. In our study, the concentration of stavudine and 

lamivudinee that entered the genital tract was higher than the concentration present 

inn plasma. The seminal plasma/blood plasma concentration ratios of the NRTIs in 

ourr study were not as high as the seminal plasma/blood plasma concentration ratios 

off zidovudine (6) and lamivudine (13) as recently reported by Pereira et al.12 

However,, the comparison is difficult to make, since both studies have low numbers 

off patients and the two studies differ for their design, especially regarding the time 

intervall between sampling of semen and blood. These studies indicate that, in 

additionn to passive diffusion, active transportation or accumulation might contribute 

too the relatively high concentrations of NRTIs in semen. Stavudine and lamivudine 

differr for their proteinbinding (negligible vs. 10-50%) and dissociation constant (pKa: 

100 vs. 4.3), thus providing a possible explanation for the observed differences in the 

seminall plasma/blood plasma concentration ratios of stavudine and lamivudine. In 

additionn to differences in passive diffusion, the physico-chemical characteristics of 

lamivudinee may be more favourable for entrapment in the protein-loaded, alkaline 

semen.18 8 
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Figur ee 2 The seminal plasma/blood plasma ratios and CSF/blood plasma ratios of stavudine and 
lamivudine.. The black dots represent the CSF/blood plasma ratios. The white dots 
representt the seminal plasma/blood plasma ratios. Panel A: Stavudine. Panel B: 
Lamivudine. . 
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Figur ee 3 The drug concentrations of stavudine and lamivudine in plasma, CSF, and semen. Data 
aree median and interquartile range; the bars represent the complete range. 
Panell A: Stavudine. 
Panell B: Lamivudine. 
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AA more trivial explanation for the observed differences between the 

semen/plasmaa ratios is the difference in time to Cmax of stavudine (3.8 h) and 

lamivudinee (1.0-1.5 h). 

Sincee the sampling time of plasma was often closer to the time to Cmax of 

stavudinee than of lamivudine, and semen concentrations were suggested to be 

ratherr stable over time [13,20], seminal plasma/blood plasma concentration ratios of 

stavudinee may have been underestimated as compared to lamivudine.18 

Thee concentrations of stavudine and lamivudine in CSF were low compared to 

thee concentrations in semen. Differences in time of sampling are probably not 

significantt for this comparison, since both the concentrations in semen and in CSF 

aree considered to be rather stable over time.6,19 There are however several 

differencess in the physiology of CSF and semen that might influence the penetration 

off these anti retroviral drugs. The blood tissue barrier of the central nervous system is 

probablyy more impermeable and more extensive than that of the male genital 

tract.200 The choroid plexuses actively produce CSF. The renewal of CSF occurs 4-5 

timess daily.6 Semen, however, consists of a composition of secretions from the 

testes,, the seminal vesicles and the prostate, all of which have their own 

physiologicall characteristics.18 The renewal of semen is partly dependent on the 

frequencyy of ejaculation. The impact of these fluid characteristics on anti retroviral 

drugg concentrations in both CSF and semen needs further exploration. 

Inn contrast to the substantial penetration of the NRTIs into CSF and semen, 

neitherr nelfinavir nor saquinavir was present in the semen or the CSF at significant 

concentrations.. The lack of penetration of both nelfinavir and saquinavir into the 

CSFF confirms earlier observations of poor penetration of highly protein-bound Pis 

withh a high molecular weight into the CSF.6 Even if protein-binding capacity, 

lipophilicityy and molecular weight would not prevent the influx into these 

compartments,, it is possible that an active efflux by, for example, P-glycoprotein 

interferedd with the achievement of detectable levels of these agents in the central 

nervouss system and the male genital tract.2022 

Ourr data support the hypothesis that poor penetration of the central nervous 

systemm and the male genital tract by anti retroviral drugs can partly explain the 

distinctt viral dynamics in these tissues as compared to plasma.4,5 We were unable to 

assesss the efficacy of the quadruple regimen in these compartments, since no 

sampless for the assessment of baseline HIV-1 RNA concentrations in CSF or semen 

weree obtained. The HIV-1 RNA concentrations in plasma and CSF were however in 

thee same order of magnitude after 26 or 50 weeks of quadruple drug therapy. 
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Futuree studies might shed more light on the consequences of varying levels of 

antiretroviralss in CSF and semen, not only for the durability of viral suppression, but 

alsoo on HIV-1 transmission within the population. 

Appendi x x 

Inn the ADAM Study Team participated: 

M.. Roos, P. van Swieten, S.M. Bruisten, and H. Schu item aker, Dept. of Clinical 
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