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Chapter 2 

Abs t r ac t 

Objective Penetration of antiretroviral drugs into anatomical HIV-1 reser
voirs such as the male genital tract and the central nervous system is impor
tant. Data on indinavir (IDV) concentrations in seminal plasma are lacking 
and IDV concentrations in cerebrospinal fluid are at best borderline. 

Design Thirteen patients were treated with zidovudine (or stavudine), lami-
vudine, abacavir, nevirapine (NVP) and IDV (1000 mg three times daily). 
When NVP led to low IDV concentrations, IDV was changed into the combi
nation IDV/ritonavir (RTV) 800/100 mg twice daily to improve the pharma
cokinetic profile of IDV. 

Methods A serum pharmacokinetic profile, a semen sample and a cerebrospi
nal fluid sample were collected at weeks 8, 24, 48 and 72. 

Results Addition of RTV increased the median IDV trough concentration in 
serum from 65 to 336 ng/mL (p=0.005). Median IDV concentration in seminal 
plasma increased from 141 to 1634 ng/mL (P=0.002)(n=9) and in cerebrospi
nal fluid from 39 (n=12) to 104 (n=7) ng/mL (P<0.001). In six patients with 
samples collected both before and after the addition of RTV, the IDV concen
tration in seminal plasma increased 8.2 times (95% confidence interval (CI) 
5.2-11.6), and in cerebrospinal fluid 2.4 times (95% CI 1.8-3.9). 

Conclusions IDV penetrates well into the male genital tract. The addition of 
low-dose RTV not only increases IDV concentrations in serum but also in 
seminal plasma and cerebrospinal fluid, thereby probably improving the po
tency of the regimen in these anatomical HIV reservoirs. Higher serum 
trough levels alone can not sufficiently explain the observed increases in 
seminal plasma and cerebrospinal fluid concentrations. Inhibition of P-
glycoprotein-mediated transport by RTV might be an additional mechanism. 

44 



Indinavir in semen and cerebrospinal fluid 

I n t r o d u c t i o n 

Combination therapy with nucleoside analogue reverse transcriptase 
inhibitors (NRTIs) and protease inhibitors (Pis) can produce sustained 
suppression of plasma human immunodeficiency virus type 1 (HIV-1) RNA 
concentrations.12 However, the male genital tract and the central nervous 
system (CNS) are considered biologically separate compartments, in which 
the virus may be under other selective pressures than the virus in the 
systemic compartment.36 As a result, HIV-1 RNA concentrations in 
cerebrospinal fluid (CSF) and semen of untreated HIV-1-infected patients do 
not necessarily reflect plasma HIV-1 RNA concentrations.79 Further, the 
penetration of antiretroviral drugs into these body compartments may be 
sub-optimal, as the transport of drugs through the blood-brain barrier or the 
blood-testis barrier may be hampered because of limited lipid solubility, high 
molecular weight, extensive binding to plasma proteins and/or affinity for P-
glycoprotein (P-gp, an ATP-dependent efflux membrane transporter).4-10'11 

The concentrations of the NRTIs zidovudine (ZDV), stavudine (d4T) and 
lamivudine (3TC) in CSF appear to be in the desired range,10 and the 
concentrations of ZDV and 3TC in semen are high.12'13 However, CSF 
concentrations of the Pis ritonavir (RTV), saquinavir (SQV) and nelfinavir, 
appear to be lower than desired or undetectable, and indinavir (IDV) 
concentrations are around the minimal effective concentration (MEC).10-14-17 

The limited data available on drug concentrations in semen show that 
penetration of the Pis RTV and SQV is poor.18 

Low plasma concentrations of IDV are related to virological treatment fail
ure,14 and sub-optimal antiretroviral drug concentrations in the male genital 
tract or the CNS could allow continuing production of HIV-1 and the emer
gence of drug-resistant HIV-1 strains, despite adequate plasma drug concen
trations and systemic virological efficacy.16-19 

In an attempt to increase the potency of a standard triple antiretroviral com
bination we treated patients with a five-drug regimen (ZDV (or d4T), 3TC, 
abacavir (ABC), nevirapine (NVP), and IDV).20 As NVP led to low IDV serum 
concentrations in many patients, presumably due to the ability of NVP to in
duce hepatic metabolism of IDV,21 we added low-dose RTV to this regimen. 
IDV and RTV are primarily metabolised by the cytochrome P450 3A4 isoen
zyme in the gut wall and liver. Inhibition of cytochrome P450 isoenzymes by 
RTV substantially decreases IDV metabolism, resulting in a prolonged elimi
nation half-life and higher serum trough concentrations.22-24 The improved 
pharmacokinetic profile of IDV allows a more convenient twice daily dosing 
regimen and in addition, the effect of food on the oral bioavailability of IDV is 
abolished. 
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We here report the good penetration of IDV into the male genital tract. Fur
thermore, the addition of low-dose RTV not only results in a more favourable 
pharmacokinetic profile of IDV in serum, but also results in a significant in
crease in IDV concentrations in seminal plasma and CSF, thereby probably 
improving the potency of the regimen in these anatomical HIV reservoirs. 

Mate r i a l s a n d Me thods 

Patients 
Thirteen HIV-1-infected men, aged 28-57 years, were treated with 300 mg 
ZDV twice daily (or 40 mg d4T twice daily), 150 mg 3TC twice daily, 300 mg 
ABC twice daily, 200 mg NVP twice daily (or 400 mg daily, after a 2-week 
lead-in of 200 mg daily), and 1000 mg IDV three times a day. Only one pa
tient was not therapy naive at start of therapy. 
A serum pharmacokinetic profile was obtained at weeks 8, 24, 48, 72 and 96. 
Blood was collected prior to drug administration (t=0h) and at 1, 2, 4, 6, 8 
and 10 h thereafter. Serum was obtained by centrifugation at 4°C for 20 
minutes at 1600 g. 
In patients with sub-optimal IDV trough concentrations (<100 ng/mL14), low-
dose RTV was added. Initially, IDV was changed into the combination of 800 
mg three times daily plus 100 mg RTV twice daily (n= 4). Further evaluation 
revealed that the combination 800 mg IDV plus 100 mg RTV administered 
twice daily also produced the desired IDV concentrations.24 Therefore, when 
trough levels allowed it, in subsequent patients (n=5) the 1000 mg IDV three 
times daily was changed into the 800 mg IDV plus 100 mg RTV twice daily 
regimen, as well as in one patient using the combination 800 mg IDV three 
times daily plus 100 mg RTV twice daily. 

In two other patients the original dosing regimen of 1000 mg IDV three times 
daily was changed before reaching week 8. In one patient NVP was stopped 
because of hypersensitivity reactions and IDV was decreased to 800 mg three 
times daily after the first week, and in one patient IDV had already been 
changed into 800 mg IDV three times daily plus 100 mg RTV twice daily at 
week 7. 

A CSF sample was collected 1 h after taking the drugs, at weeks 8, 24, 48 
and 96. The same day, semen samples were obtained by masturbation at the 
end of the dosing interval. All semen samples were processed within 2-4 h af
ter collection. 

Semen samples were centrifuged at 1200g for 10 min to obtain seminal 
plasma. A minimum of 0.5 mL seminal plasma was required for pharmacoki
netic analysis, which could not be obtained from all patients at all required 
time points. All samples were stored at -70°C until analysis. 
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The study was approved by the Medical Ethics Committee of our hospital and 
informed consent was obtained from all patients. 

Assays 

HIV-1 RNA in plasma and CSF 
HIV-1 RNA concentrations in EDTA plasma were measured using the Nu-
cliSens HIV-1 QT assay (Organon Teknika, Boxtel, The Netherlands). When 
RNA concentrations decreased to below 50 copies/mL (1.7 logio copies/mL),20 

an initial input volume in the assay of 2 mL plasma was used combined with 
the ultrasensitive protocol adaptation, resulting in a lower quantification 
limit of 5 copies/mL (0.7 logio copies/mL). 
HIV-1 RNA in CSF was measured using the NucliSens HIV-1 QT assay with 
an input volume of 2 mL, resulting in a lower cut-off concentration of 40 cop-
ies/mL (1.6 logio copies/mL). 

Bioanalysis of IDV in serum, seminal plasma and CSF 
IDV concentrations in serum and CSF were measured using high-
performance liquid chromatography.25 IDV concentrations in seminal plasma 
were assessed using reversed-phase high-performance liquid chromatography 
after 1:1 dilution with blank human heparinised plasma.26'27 The lower limit 
of quantification of both assays was 25 ng/mL. 

Pharmacokinetic analysis 
The serum concentration (C) versus time (t) data were analysed by non-
compartmental methods.28 The highest observed serum concentrations were 
defined as peak concentrations (Cmax), with the corresponding sampling time 
as tmax. The values for Csh and Ci2h were defined as trough concentrations 
(Cmin) in the three-times-daily and twice-daily regimens, respectively. The 
terminal, log-linear period (log C versus t) was defined by the last data points 
(n>3) by visual inspection. The absolute value of the slope (p/2.303) was cal
culated by least squares analysis. The IDV serum concentration at 12h after 
ingestion of the drugs was calculated using the equation Ci2h=Csh * e-p<tl2-t8>. 
The area under the serum concentration versus time curve from 0 to 8 h 
(AUC[o-8h]) for the three-times-daily regimen was obtained using the trape
zoidal rule from 0-8 h. For the twice-daily regimen, the AUC [o-i2h] was calcu
lated by applying the trapezoidal rule from 0 until 12 h. Finally, the AUC [o-
24h] was calculated by multiplying the AUC [o-i2h] of the twice-daily regimen or 
the AUC [o-8h] of the three-times-daily regimen by either 2 or 3, respectively. 
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Statistical analysis 
Median HIV-1 RNA concentrations in plasma and CSF were determined at 
baseline, weeks 8 and 48, and median CD4T and CD8+ T cell counts were de
termined at baseline. For the pharmacokinetic analyses, we took for every 
patient the latest time point at which they did not take RTV and the first 
time point at which they did take the combination IDV/RTV. Differences be
tween IDV concentrations with and without RTV were evaluated using the 
Wilcoxon rank-sum test. In patients with both observations available we cal
culated the ratio of the IDV concentration in seminal plasma and CSF with 
and without RTV. Spearman's p was used to determine correlation coeffi
cients. To further investigate the relationship between serum drug concen
tration and drug concentrations in seminal plasma or CSF, serum Cmin, Cmax 
and AUC were related to the measured drug concentrations in seminal 
plasma and CSF using linear regression analysis. 

Resu l t s 

The median baseline HIV-1 RNA concentration in plasma was 4.9 logio cop-
ies/mL (interquartile range (IQR) 4.8-5.2 logio copies/mL) and in CSF (n=8) 
3.6 logio copies/mL (IQR, 2.8-4.9 logio copies/mL). At week 8 the median HIV-
1 RNA concentration in plasma was 2.3 logio copies/mL (IQR, <1.7 to 2.7 logio 
copies/mL) and in CSF <1.6 logio copies/mL (IQR, <1.6 to 1.8 logio copies/mL) 
(n=8) and at week 48 the median HIV-1 RNA concentration in plasma was 
<0.7 logio copies/mL (IQR, <0.7 to <0.7 logio copies/mL) and in CSF <1.6 logio 
copies/mL (IQR, <1.6 to <1.6 logio copies/mL) (n=8). Median baseline CD4+ 

and CD8+ T cell counts were 340/mm3 (IQR, 130-450/mm3) and 1200/mm3 

(IQR, 590-1790/mm3), respectively. 

Steady-state IDV concentrations in serum were measured in the 11 patients 
using 1000 mg IDV three times daily and in one patient using 800 mg IDV 
three times daily (without NVP). The median (IQR) IDV serum trough con
centration was 65 ng/mL (49-100 ng/mL) and the median serum peak con
centration was 8199 ng/mL (6749-9802 ng/mL). The median (IQR) IDV 
trough concentration in serum increased to 336 ng/mL (143-861 ng/mL) after 
the addition of 100 mg RTV twice daily (P=0.005) (Figure la), whereas me
dian serum peak concentrations remained unchanged (8259 ng/mL, (6165-
9435 ng/mL); P=0.8). The median values for the serum pharmacokinetic pa
rameters of the various dosing regimens of IDV are shown in Table 1. 
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Table 1 Pharmacokinetic parameters of indinavir (IDV) in serum during therapy with IDV 

alone or in combination with ritonavir (RTV). 

Dosing Regimen „ _ _ 

Pharmacokinetic 1000 mg IDV tida 800 mg IDV tid + 800 mg IDV bid + 

parameter 100 mg RTV bid 100 mg RTV bid 

No. of patients 12 4 6 

C,n.n(ng/mL)b 65(49-100) 884(833-1190) 152(67-331) 

Cmax(ng/mL)b 8199(6749-9802) 7396(6419-8375) 8918(6041-9795) 

AUC [o-8h] (h.ng/mL)b 16474(13624-19481) 29035(25559-30496) NA 

AUCio.i2h)(h.ng/mL)b NA NA 30121(24352-38438) 

AUC [o-24h] (h.ng/mL)b 49422(40873-58442) 87105(76677-91488) 60242(48704-76876) 
a including one patient treated with 800 mg IDV three times daily without nevirapine. b All 

values are medians (interquartile ranges), tid, three times daily; bid, twice daily; Cmin, serum 

trough concentration; Cmax, serum peak concentration; AUC, area under the serum concen

tration versus time curve; NA, not applicable. 

The median (IQR) IDV concentration in seminal plasma, collected from eight 
patients receiving 1000 mg IDV three times daily and the patient using 800 
mg IDV three times daily (without NVP), was 141 ng/mL (86-465 ng/mL). 
The combination of 100 mg RTV twice daily with either 800 mg IDV three 
times daily (n=4) or 800 mg IDV twice daily (n=5) increased the median IDV 
concentration in seminal plasma to 1634 ng/mL (1109-2431 ng/mL; P=0.002) 
(Figure lb). 
In six patients with semen samples collected both before and after the addi
tion of RTV, the IDV concentration in seminal plasma increased 8.2 times 
(95% confidence interval (CI) 5.2-11.6) (Figure lb). 

The median (IQR) IDV concentration in CSF, collected from the 11 patients 
receiving 1000 mg IDV three times daily and one patient using 800 mg IDV 
three times daily (without NVP), was 39 ng/mL (27-54 ng/mL). The combina
tion of 100 mg RTV twice daily with either 800 mg IDV three times daily 
(n=3) or 800 mg IDV twice daily (n=4), increased the median IDV concentra
tion in CSF to 104 ng/mL (68-207 ng/mL; P=0.0008) (Figure lc). 
In six patients with CSF samples collected both before and after the addition 
of RTV, the IDV concentration in CSF increased 2.4 times (95% CI 1.8-3.9) 
(Figure lc). 

When all samples were taken into consideration, a correlation was found be
tween serum Cmin and the concentrations of IDV in seminal plasma (p=0.6; 
P<0.01; Figure 2a) and CSF (p=0.6; P=0.01; Figure 2b). No significant 
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F i g u r e 1 (a) Indinavir (IDV) trough concentrations in serum and IDV concentrations in (b) 

seminal plasma (SP) and (c) cerebrospinal fluid (CSF) before and after the addition of rito

navir (RTV). MEC, minimal effective concentration (in vivo)11; LLQ, lower limit of quantifi

cation. , paired samples, regimen changed into 800 mg IDV three times daily + 100 mg 

RTV twice daily; - - - - , paired samples, regimen changed into 800 mg IDV twice daily + 100 

mg RTV twice daily; black inverted triangle, single sample, 1000 mg IDV three times daily; 

open circle, single sample, 800 mg IDV twice daily + 100 mg RTV twice daily; black circle, 

single sample, 800 mg IDV three times daily + 100 mg RTV twice daily. 

50 



Indinavir in semen and cerebrospinal fluid 

correlation was found between the serum AUC[0-24h] and the concentration of 
IDV in seminal plasma (P>0.1; Figure 2c) or CSF (P>0.1; Figure 2d). 
To investigate whether the introduction of RTV influenced the relationship 
between the IDV concentrations in serum and the concentration in seminal 
plasma or CSF, we performed a linear regression analysis for samples with 
and without RTV. In the two subgroups no relationship was found between 
either the IDV concentration in seminal plasma or CSF and the Cmin, Cmax or 
AUC of IDV in serum (Table 2). 

Table 2 Relationship between indinavir (IDV) Cmax, Cmin and AUQo-2-ih] in serum and IDV 

concentration in seminal plasma or cerebrospinal fluid, in patients using IDV alone or in 

combination with ritonavir (RTV). 

CSP 

CcSF 

Cmax 

AUC[0-24h] 

Cmin 

Cmax 

AUC(0-24h] 

Cmin 

IDV a 

P 
-0.03 

-0.004 

3.4 

-0.001 

0 

0.09 

one 

P 

0.5 

0.6 

0.4 

0.5 

(J. 9 

0.4 

IDV + RTV 

P 

0.4 

0.03 

1 

0.003 

0 

-0.006 

P 

0.3 

0.1 

0.2 

0.8 

0.9 

0.9 

CSP, concentration in seminal plasma (SP); CCSF, concentration in cerebrospinal fluid (CSF); 

Cmax, serum peak concentration; AUC, area under the serum concentration versus time 

curve; Cmin, serum trough concentration. Relationships were calculated using linear regres

sion analysis; CSP = a + p(IDV Cmin, Cmax or AUC in serum); CCSF = a + p(IDV Cmin, Cmax or 

AUC in serum); a, intercept; p, coefficient. 

Discussion 

The male genital tract and the CNS serve as anatomical reservoirs for HIV-1 
during antiretroviral treatment, as the penetration of most Pis into semen 
and CSF is sub-optimal.3410 The limited data available on drug exposure in 
semen show that penetration of the Pis RTV and SQV is poor.18 The few 
available data regarding PI concentrations in CSF also reveal very low or 
undetectable PI concentrations, except for IDV.10'15-17 

The results of this study demonstrated that, in contrast to RTV and SQV, 
IDV penetrates well into the male genital tract, and confirmed the ability of 
IDV to penetrate into the central nervous system.17-18 Inhibition of cyto
chrome P450 isoenzymes by RTV substantially decreases IDV metabolism, 
resulting in a prolonged elimination half-life and improved serum trough 
concentrations.22-24 
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Figure 2 Indinavir (IDV) concentrations in seminal plasma (SP) and cerebrospinal fluid 

(CSF) in relation to the IDV serum trough concentration (Cmin) and area under the serum 

concentration versus curve (AUC[o-2ih]) in serum. Spearman's p was used to determine cor

relation coefficients between serum Cmin and the concentrations of IDV in (a) SP: p = 0.6; 

P<0.01; or (b) CSF: p = 0.6; P=0.01; and between AUC [o-24h] and the concentrations of IDV in 

(c) SP: p =0.2. P>0.1; or (d) CSF: p =0.3; P>0.1. Black inverted triangle, 1000 mg IDV three 

times daily; open circle, 800 mg IDV twice daily + 100 mg RTV twice daily; black circle, 800 

mg IDV three times daily +100 mg RTV twice daily. 

Apart from the expected increase of IDV trough concentrations in serum, the 
addition of low-dose RTV resulted in a significant increase in the absolute 
concentrations of IDV in seminal plasma and CSF. In six patients with sam
ples collected both before and after the addition of RTV, the IDV concentra
tion in seminal plasma increased 8.2 times, and in CSF 2.4 times. 
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The in vitro 95% inhibitory concentration (IC95) of IDV for maximally suscep
tible HIV-strains is in the range of 30-60 ng/mL.29 A retrospective clinical 
study exploring the relationship between IDV concentrations and efficacy 
demonstrated that the minimal effective concentration (MEC) of IDV in se
rum is at least 100 ng/mL.14 The MEC in seminal plasma, assuming the same 
percentage of protein binding in both body fluids, is also estimated to be at 
least 100 ng/mL. The MEC in CSF, adjusted for the low protein concentration 
in CSF, can be estimated to be at least 40 ng/mL. 

The median IDV concentration in seminal plasma before addition of RTV was 
just above the MEC. However, after the addition of RTV the median IDV con
centration exceeded the MEC 16-fold. These substantially higher IDV con
centrations may also have the potential of suppressing virus with moderately 
decreased susceptibility to IDV (for example, a four-fold increase in IC95). The 
median IDV concentration in CSF before the addition of RTV was just around 
the IC95 and the MEC. After the addition of low-dose RTV the median IDV 
concentration in CSF increased to 104 ng/mL, which exceeds the IC95 and the 
MEC. 

Taking all samples into consideration a significant correlation was found be
tween serum C,,,in and the concentrations of IDV in seminal plasma or CSF. 
When a linear regression analysis was performed for samples with and with
out RTV separately, no relationship was found between IDV concentrations 
in seminal plasma or CSF and the Cmin, C,„ax or AUC of IDV in serum. There
fore, RTV appeared to influence the IDV concentrations in seminal plasma 
and CSF, independent from its effect on the IDV serum concentrations. This 
suggests that RTV can influence the blood-brain barrier or the blood-testis 
barrier, in which its effect on P-glycoprotein possibly plays a key role.30-31 

The present study has some limitations. A lumbar puncture was performed 1 
h after the administration of the antiretroviral drugs. Using CSF/ plasma ra
tios to describe CSF penetration is not accurate because these ratios tend to 
change in time due to a different shape of the concentration versus time 
curves in plasma and CSF.10 The AUCcsF/AUCpinsma ratio is considered the 
gold standard for drug entry.32 However, it is not feasible to perform several 
lumbar punctures on one day to calculate the AUC in CSF. As the IDV con
centrations in CSF have been demonstrated to be relatively constant during 
the dosing interval17 it is justified to use drug concentrations measured at 
one fixed timepoint. Furthermore, drug concentrations in semen tend to be 
relatively stable.12'13 So, despite the absence of a paired serum sample and an 
exact time of ejaculation, the drug concentration in a random semen sample 
can be used as a measure of exposure. 
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Human ejaculate is composed of secretions from the testes (10% of ejaculate 
volume), the seminal vesicles (50-70% of ejaculate volume) and the prostate 
(20-30% of ejaculate volume), all of which have their own physiological char
acteristics. For instance, in the prostate, a pH-dependent trapping mecha
nism has been described for antibiotics, which may contribute to the rela
tively high IDV concentrations in seminal plasma.33 Therefore, the final con
centration of a drug in ejaculate does not necessarily reflect the concentration 
of the drug in the various compartments of the male genital tract. For in
stance, drug concentrations in the testes may be lower than those measured 
in seminal plasma. 

Finally, the switch to 800 mg IDV either three times daily or twice daily after 
the addition of 100 mg RTV twice daily was not randomised but based on ob
tained serum trough levels. In the analysis of paired semen or CSF samples 
before and after the addition of RTV a comparable and significant increase in 
IDV concentrations was measured for both dosing regimens. 

All but one patient used NVP. We think that the observations made will also 
hold true for patients without the concomitant use of NVP. NVP induces cy
tochrome P450 enzyme activity whereas RTV has an inhibitory effect on the 
cytochrome P450 enzymes. Without the enzyme induction by NVP,34 the IDV 
serum trough concentrations after the addition of low-dose RTV will be even 
higher, which overall yields higher IDV concentrations in seminal plasma 
and CSF. There are no data suggesting that NVP reverses the effect of RTV 
on P-glycoprotein activity. Finally, the one patient who did not use NVP 
showed increases in IDV concentrations in serum, seminal plasma and CSF 
that were comparable with those seen in the patients who were also using 
NVP. 

The quintuple regimen appeared to be very potent in suppressing viral repli
cation to below the lower limit of detection in both plasma and CSF, with no 
measurable improved suppression of viral replication after addition of RTV. 
The goal, however, is to achieve long term suppression of viral replication in 
all body compartments. It has been demonstrated that a sub-optimal concen
tration of IDV in serum during triple therapy is related to virological treat
ment failure in time.14 The emergence of resistant viruses in the genital tract 
or the CNS due to sub-optimal drug exposure could therefore also result in 
decreasing efficacy of antiretroviral treatment over time, with the subse
quent risk of transmission of resistant viruses.3538 In a quintuple regimen 
with other drugs such as NVP39 which also sufficiently penetrate the CSF 
and male genital tract, the risk of short-term treatment failure might be less. 
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Achieving therapeutic IDV concentrations in the sanctuary sites will be more 
critical in a standard triple therapy, especially when less sensitive HIV-1 
strains are already present. 

In conclusion, the addition of RTV substantially increased IDV concentra
tions in semen and CSF. At the moment two strategies combining IDV with 
RTV are used: either 800 mg IDV plus 100 mg RTV twice daily or 400 mg 
IDV plus 400 mg RTV twice daily. When comparing the efficacy and safety of 
these regimens, drug exposure in semen and CSF should also be taken into 
consideration. 
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