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Nevirapinee plasma concentrations with rifampin 

Introduction n 

Drugg interactions complicate concurrent treatment of HIV and Mycobacterium tuberculosis 
coinfection.. Drug therapy for HIV and tuberculosis each consists of combined regimens 
withh three or four drugs. Rifamycins are frequently used for the treatment of tuberculosis. 
Rifamycinss can interact with several antiretrovirals. In decreasing order of potency, 
rifampin,rifampin, rifapentine and rifabutin have an inducing effect on drug metabolism mediated 
throughh cytochrome P450 isoenzyme 3A4 (CYP3A4). Non-nucleoside reverse transcriptase 
inhibitorss and protease inhibitors are metabolized through CYP3A4 and thus the plasma 
concentrationss of these antiretrovirals may decrease in the presence of rifamycins. 
Additionally,, the non-nucleoside reverse transcriptase inhibitors are metabolized by 
CYP2B6.11 Drug-drug interactions may lead to suboptimal drug exposure, loss of viral 
suppressionn and selection of resistant HIV strains.2 Interactions between nucleoside 
analoguee reverse transcriptase inhibitors and rifamycins occur at the level of 
glucuronidationn and amination, as was described between rifampin or rifabutin and 
zidovudine,, but is not considered to be clinically significant.23 

Coinfectionn of HIV-1 and tuberculosis mainly concerns developing countries where both 
infectionss are epidemic. Access to antiretrovirals may be difficult in developing countries 
becausee of limited availability or high cost. To improve pricing and accessibility, generic 
antiretrovirall  agents are manufactured in countries such as Brazil, India, Thailand and 
Southh Africa. Fixed-dose combinations of these generic agents are widely used as well. The 
mostt often-used generic fixed-dose combination is a twice daily regimen with stavudine, 
lamivudinee and nevirapine.4 Fixed-dose combinations are attractive regimens for patient 
care.. Adherence to therapy may be improved because of low pill burden and the reduced 
possibilityy of incorrect dosing. Furthermore, the fixed-dose combinations simplify drug 
logistics.. Compact drug quantities facilitate storage and distribution to hospitals, 
pharmaciess and patients. Important for resource constraint settings is that fixed-dose 
combinationss make improvements in public health care management possible. 
Withh respect to treatment of HTV/tuberculosis-coinfected patients, a clinically significant drug-
drugg interaction may be expected when nevirapine and rifamycin are co-administered. Treatment 
withh rifabutin is preferred because of a more favourable interaction profile, but in most developing 
countriess rifabutin is not available or too expensive.5 Tuberculosis treatment with a regimen that 
includess rifampin is usually the only option. Reports in the literature have shown decreases in 
nevirapinee plasma concentrations ranging from 31% to 58%. Rifampin plasma concentrations are 
nott influenced by nevirapine.6-9 Low nevirapine plasma concentrations may negatively affect 
virologicall  outcome of antiretroviral therapy.1011 Previous studies have documented higher plasma 
concentrationss of nevirapine in Thai patients compared with patients in other countries, probably 
becausee the average Thai is small and has a low body mass index (BMI),12 suggesting that even 
thoughh the concomitant use of rifampin lowers the nevirapine levels considerable, still most 
patientss would still retain nevirapine plasma concentrations above a concentration of 3.1 mg/1. The 
presentt study was performed to investigate whether rifampin co-administration in clinical practice 
leadss to a clinically relevant decrease of nevirapine plasma concentrations in Thai patients. 
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M a t e r i a ll a n d m e t h o d s 

Studyy design and setting 

Dataa were collected from the therapeutic drug monitoring (TDM) service at the HIV 
Netherlandss Australia Thailand Research Collaboration (HIV-NAT) , The Thai Red Cross 
AIDSS Research Center, during November 2003 to February 2005. Patients were treated 
withh a twice daily fixed-dose combination (GPO-VIR S30 or S40®, manufactured by 
Governmentt Pharmaceutical Organization, Bangkok, Thailand) of nevirapine 200 mg, 
stavudinee 30 or 40 mg depending on the body weight (less or more than 60 kg) and 
lamivudinee 150 mg. Plasma samples, together with a request form, were sent to the TDM 
servicee at the HIV-NAT pharmacokinetic laboratory for drug concentration determination. 
Onee sample per patient was obtained for determination of the nevirapine plasma 
concentration. . 

Sampless had to be taken under steady-state conditions for both drugs, and not during the 
lead-inn phase of nevirapine. On the request form information such as patient characteristics, 
thee reason for requesting the nevirapine plasma concentrations measurement, timing/dose 
andd name of antiretroviral medications and concomitant therapies were recorded. Patients 
usingg co-medication other than fluconazole that could interfere with the plasma 
concentrationss of nevirapine through CYP3A4 were excluded from this study. The reasons 
off  the physician to request a drug concentration measurement were divided into five 
categoriess of which more than one answer could be selected: drug interaction, suboptimal 
dose,, drug toxicity, routine monitoring and non-compliance. All physicians were contacted 
too verify the information on the request forms. Nevirapine concentration determination was 
offeredd as part of regular care for the patients with HIV infection and tuberculosis that were 
concomitantlyy treated with nevirapine and rifampin. The control group consisted of an 
equall  number of consecutive HIV-1- infected patients using the fixed-dose combination 
onlyy and who did not have any indication for drug concentration determination, like 
suspectedd non-adherence or incomplete suppression of HIV replication. The samples were 
sentt for routine monitoring. Written informed consent was obtained from the control group. 
Thee institutional review board of the King Chulalongkorn Hospital approved the conduct of 
thee study. 

Pharmacokineticc assessment 

Bloodd samples were processed to plasma within 2 hours after collection and stored at -18°C 
inn labelled polypropylene tubes until determination of the nevirapine concentration. 
Transportationn to the laboratory was done on dry ice. Nevirapine concentrations were 
determinedd at the HIV-NAT pharmacokinetic laboratory by validated high-performance 
liquidd chromatographic assay.13 The laboratory participates in an international quality 
controll  and quality assessment (QC/QA) pharmacokinetic programme, and therefore has 
crosss validation with other international pharmacokinetic laboratories.14 The lower limit of 
quantificationn (LLOQ) for nevirapine was 0.055 mg/1. 
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Statisticall analysis 
Descriptivee statistics of patients' characteristics and pharmacokinetic data were summarized 
ass medians plus interquartile ranges (IQRs) or means and corresponding standard 
deviationss where appropriate. Nevirapine plasma concentrations ranging from 3.0 to 3.8 
mg/11 have been proposed as minimum recommended cut-off value.1115 The current TDM 
recommendationn uses 3.4 mg/1 as cut-off.16 In the 2NN study an analysis was performed of 
thee relationship between virological failure and nevirapine minimum concentration.10 A 
nevirapinee plasma concentration of 3.1 mg/1 was found as the cut-off point below which the 
riskrisk of virological treatment failure might be increased. The 2NN study, in contrast to other 
studies,, is the only study in which such an analysis was performed in the therapy-adherent 
patientt population only. Therefore, 3.1 mg/1 was chosen as cut-off. 

Comparisonss between nevirapine plasma concentrations in the absence or presence of 
rifampinn were done with Mann-Whitney and Fisher's exact test. 
Bivariatee and multivariate linear regression analyses were used to investigate the influence 
off  age, gender, height, body weight, BMI, co-administration of fluconazole, co-
administrationn of rifampin, and treatment centre on the nevirapine plasma concentration. 
Al ll  analyses were adjusted for time after drug intake. 
Parameterss with P-values less than 0.10 in the bivariate linear regression analyses were 
includedd in a multivariate regression model. All statistical calculations were performed with 
SPSSS software (version 11.5.2, SPSS Inc. Chicago, Illinois, USA). 

Results s 
Wee received blood samples from 74 patients using the fixed-dose combination plus 
rifampin,, and collected blood samples from an equal number of controls using FDC only. 
Thee patient characteristics age, body weight, BMI, height and gender distribution were 
similarr in both groups (Table 1). The nevirapine concentration determinations, in patients 
whoo were using rifampin, were mostly 51/74 requested for suspected drug interaction. The 
otherr indications were 10/74 for routine monitoring, 6/74 for suspected suboptimal dosing, 
3/744 for a dual indication of suspected drug interaction and routine monitoring, 3/74 for a 
duall  indication of suspected drug interaction and suspected suboptimal dose, and 1/74 for 
toxicity.. All patients were using the generic fixed-dose combination GPO-VIR® and 
rifampinn was dosed 450-600 mg once daily. Fluconazole was co-administered in 15% of 
thee control group and 42% of patients using rifampin. Other frequently used co-medications 
inn the control group were co-trimoxazole (22/74) and in the rifampin group isoniazid 
(64/74),, co-trimoxazole (39/74), ethambutol (30/74), multiple preparations of vitamin B 
(vitaminn Bl, 6, 12 and/or folic acid, 27/74) and pyrazinamide (19/74). 
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Tablee 1: Demographics [median [IQR]] 

N N 

Age,, yr, median [IQR1 
Gender,, M:F 

Weight,, kg 

Height,, m 
BMI ,, kg/m2 

GPO-VIR R 

74 4 

36.55 [32.0-43.01 
45:29 9 

58.00 [50.8-62.5] 

1.655 [1.58-1.701 
21.22 [19.1-23.01 

GPO-VIRR with RIF 

74 4 

34.55 [30.0-40.31 
45:29 9 

54.00 [48.8-61.3] 

1.633 [1.59-1.681 
20.55 [18.8-22.61 

Total l 

148 8 

36.0[31-41.81 1 
90:58 8 

55.00 [50.0-62.0] 

1.633 [1.57-1.691 
20.99 [19.1-22.91 

p-value* * 

.122 2 
1.00** * 

.087 7 

.349 9 

.121 1 
RIF:: rifampin; yr: years; sd: standard deviation; IQR: interquartile range; M: Male; F: Female; kg: 
kilograms;; m: meters; BMI: body mass index, *Mann-Whitney test, **Fisher's exact test 

Inn Figure 1 the nevirapine concentrations are plotted against time after drug intake. In the 
rifampinn group the mean nevirapine concentrations was 5.47 6 mg/1 while in the 
controll  group the mean nevirapine concentration was 8.72 8 mg/1. The lowest 
concentrationss in a dosing interval are expected at the end just before the next dosage. 
Therefore,, samples were separated in two groups of random samples and trough samples. 
Forty-fivee controls samples were taken around the trough concentrations, defined as 
concentrationss measured between 10.0 and 14.0 h after last intake. Fifty samples in the 
rifampinn group were trough concentrations. Further details are summarized in Table 2. 
Thee intersubject variability, expressed as coefficient of variation, was equal in both groups, 
47%% in the control group and 49% in the rifampin group. 
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Figuree 1 Individual nevirapine 
plasmaa concentrations 

NVPP nevirapine 
RIFF rifampin 

Tenn patients had nevirapine concentrations below the threshold for optimal antiviral 
efficacyy (<3.1 mg/1). The low concentrations ranged from 0.645 to 3.08 mg/1. Two 
concentrationss were from the control group and eight concentrations were from the 
rifampinn group. All these low concentrations, except one, were trough concentrations. One 
loww concentration, in the rifampin group, was taken at 2.5 h after drug intake. Comparison 
off  the trough concentrations for the two groups showed significantly lower concentrations 
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inn the patients using rifampin (P<0.001); however, the proportion of sub-therapeutic 
nevirapinee concentrations in the control group 2/45 (2.7%) and rifampin group 7/50 (14%) 
didd not reach statistical significance (P=0.164). Suspected non-adherence was not reported 
inn any of the requests, suggesting that this was not likely to be an issue in these patients. Of 
thee eight low concentrations in patients taking rifampin, two were sent under the indication 
suspectedd suboptimal concentration and one under the dual indication suspected drug 
interactionn and suboptimal concentration. 

Tablee 2 Nevirapine plasma concentrations in the presence and absence of rifampin ) 
FDCC FDC with RIF Total 

Total l 

0-9.99 hours 

10.0-14.00 hours* 

N N 

Time,, hr median D 

Concentrationn NVP, mg/L 
Fluconazole e 

N N 

Time e 

Concentrationn NVP, mg/L 
Fluconazole,, N 

N N 

Time e 

Concentrationn NVP, mg/L 
Fluconazole,, N 

74 4 

3 3 

8 8 
11 1 

29 9 

4 4 

5 5 
3 3 

45 5 

1 1 

1 1 
8 8 

74 4 

7 7 

6 6 
31 1 

21 1 

4 4 

2 2 
5 5 

50 0 

5 5 

6 6 
26 6 

148 8 

2 2 

5 5 
42 2 

50 0 

4 4 

1 1 
8 8 

95 5 

9 9 

6 6 
34 4 

**  Three samples were taken between 14.0-14.8 hours. These samples are not included in the 
descriptivee analysis. SD: standard deviation. 

Inn the bivariate linear regressions the three variables time after drug intake, concomitant use 
off  rifampin and treatment centre were significantly associated with nevirapine plasma 
concentrations,, whereas the other variables were not (P>0.10; Table 3). Nevirapine plasma 
concentrationss were significantly higher in treatment centre three. All samples for the 
controll  group and four samples for the rifampin group were obtained from this site. Time 
afterr drug intake and rifampin co-administration remained significant in the multivariate 
modell  model with a slightly better fit  that also correlated higher BMIs to lower nevirapine 
concentrationss (Table 3). 
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Tablee 3 Bivariate analyses corrected for time after drug intake and multivariate analyses 
Bivariate e 

Parameter r 

Femalee (gender) 

Agee (per 10 yr) 

Heightt (per 10 cm) 

Bodyy weight (per 10 kg) 

BMII  (per mg/kg2) 

Usee of cotrimoxazole 

Usee of fluconazole 

Usee of rifampin 

Site e 

Timee (per h) 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7* * 

B B 

-0.35 5 

-0.27 7 

0.08 8 

-0.15 5 

-0.09 9 

-0.68 8 

-0.11 1 

-3.10 0 

-0.77 7 

0.85 5 

3.01 1 

-0.48 8 

-1.70 0 

1.37 7 

-0.20 0 

Sig--

0.58 8 

0.46 6 

0.85 5 

0.63 3 

0.40 0 

0.27 7 

0.87 7 

<0.001 1 

0.46 6 

0.81 1 

<0.001 1 

0.82 2 

0.49 9 

0.23 3 

0.01 1 

9 5% % 

Lower r 

-1.59 9 

-0.97 7 

-0.71 1 

-0.78 8 

-0.30 0 

-1.90 0 

-1.46 6 

-4.20 0 

-2.82 2 

-5.93 3 

1.64 4 

-4.55 5 

-6.58 8 

-0.88 8 

-0.36 6 

CI I 

Upper r 

0.89 9 

0.44 4 

0.87 7 

0.47 7 

0.12 2 

0.54 4 

1.24 4 

-2.01 1 

1.28 8 

7.63 3 

4.39 9 

3.58 8 

3.18 8 

3.62 2 

-0.05 5 

Multivariate e 

B B 

--

" " 

-3.10 0 

" " 

-0.15 5 

Sig. . 

--

" " 

O.001 1 

" " 

0.035 5 

95%% CI 

Lowerr Upper 

--

" " 
~ ~ 

--

4.200 -2.01 

_ _ 

" " 

" " 

-0.299 -0.01 

B B 

--

~ ~ 

--

--

-0.18 8 

--

-3.27 7 

--

* * 

-0.15 5 

Sig. . 

--

--

--

--

0.065 5 

--

--

<0.001 1 

--

~ ~ 

--

--

--

0.037 7 

95%% CI 

Lowerr Upper 

--

--

--

-0.388 0.01 

--

--

4.377 -2.17 

--

--

--

--

-0.299 -0.01 
BMI :: body mass index; CI: confidence interval; Sig.: significance 
Centree 7 was the reference centre, and therefore has the value zero in the model 

Discuss ion n 

Rifampinn is a potent inducer of cytochrome P450 isoenzyme 3A4 and therefore may lower 
plasmaa concentrations of the non-nucleoside reverse transcriptase inhibitor nevirapine, 
whichh is a substrate of this CYP450 isoenzyme. The present study was performed to 
investigatee if this pharmacokinetic mechanism may have clinically relevant implications for 
HIV-1// M. tuberculosis coinfected patients concomitantly using nevirapine and rifampin. 
Wee found that concomitant use of rifampin is associated with considerably lower plasma 
concentrationss of nevirapine; on average the concentrations were 3.3 mg/1 lower. 
Individualss with a higher BMI also had lower nevirapine plasma concentrations. 
Concomitantt use of fluconazole was not related to higher concentrations of nevirapine; this 
iss in contrast with what was found in a South African study.17 

Previouss pharmacokinetic reports about simultaneous treatment with nevirapine and 
rifampinn are inconsistent. However, these previous studies are limited because of their 
smalll  sample size. A study by Robinson et al. with 22 patients showed a 58% decrease in 
nevirapinee trough concentrations, while a study by Ribera et al. with 5 patients reported a 
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statisticallyy non-significant 21% decrease in nevirapine plasma concentrations.6-7 Another 
studyy by Dean et al., which included 7 patients, did not report a decrease after 
administrationn of rifampin. The nevirapine trough concentrations that we report of patients 
onn rifampin are comparable to the mean nevirapine trough concentration reported by Dean 
ett al. (4.26 18 Regardless of a decrease seen in the studies, including ours, the 
nevirapinee concentrations exceeded the mean IC95, combined for free-fraction and protein 
boundd nevirapine, of 710 nM (0.20 mg/1) with several folds.19 However, this concept was 
derivedd from HIV isolates prepared from peripheral blood mononuclear cells. Clinical 
studiess have shown that a plasma concentration of at least 3.0-3.1 mg/1 is needed for an 
optimall  therapeutic response.1015 To our knowledge, our study is the largest dataset of 
patientss concomitantly using nevirapine and rifampin. 
Thee nevirapine plasma concentrations that we report are higher than what has been reported 
inn the literature. The 2NN study showed that patients from Thailand in particular and 
femaless may have lower drug clearance.20 In addition to low BMI, this may explain the 
highh nevirapine concentrations. 
Limitationss in our study were the selection of samples, reporting of adherence and lack of 
dataa regarding viral hepatitis infection. This study is not a formal pharmacokinetic study to 
showw drug-drug interaction, but represents sampling as it is actually performed in 'real life' 
circumstances.. The nevirapine with rifampin samples were sent in based on the judgement 
off  the treating physician; therefore, selection bias cannot be excluded. Selection could also 
occurr when patients with low nevirapine concentrations experiencing virological failure 
weree switched off nevirapine to another regimen. 
Adherencee was not measured in this study. Suspected non-adherence could be pointed out 
att the time of the request of the plasma concentration determination. Non-adherence was 
nott indicated in any of the patients; however, the absence does not rule out problems with 
therapyy adherence. 
Althoughh we may assume that an equal number of patients in the control- and rifampin 
groupp had chronic viral hepatitis, the absolute nevirapine concentration may be increased in 
patientss with chronic viral hepatitis. Of interest, in a Thai cohort 8.7% HIV patients were 
infectedd with hepatitis B virus, 7.2% with hepatitis C virus and 0.4% coinfected with both 
hepatitiss B and C virus.2122 Chronic viral hepatitis might influence the pharmacokinetics of 
nevirapinee by affecting the metabolism through the hepatic cytochrome enzymes, or to a 
lesserr degree by decreased blood flow and plasma protein binding. Chronic hepatitis C 
viruss infection and higher baseline aspartate aminotransferase levels have been identified as 
significantt covariates in population pharmacokinetic analysis.23 Fortunately, as all patients 
weree treated with a regimen containing lamivudine, we may assume that replication of 
hepatitiss B virus was significantly inhibited in several of these patients. In further clinical 
studies,, addressing rifampin and nevirapine interactions the influences of these covariates 
andd disease stage and should be evaluated. 
Inn many developing countries generic antiretrovirals are becoming more and more readily 
available.. In this analysis we have reported lower nevirapine plasma concentrations when 
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administeredd together with rifampin. Nevirapine concentrations above 3.1 mg/1 have been 
correlatedd with better virological response rates.1011 Low nevirapine plasma concentrations 
aree a potential concern as drug resistance to nevirapine can develop quickly, as was seen by 
thee development of resistance mutations after administration of a single dose of nevirapine 
forr the prevention of perinatal mother-to-child transmission of HIV-1.24 TDM can be used 
too identify low concentrations before drug resistance has occurred. Increasing the dose of 
nevirapinee is controversial because of the risk of severe toxicity, in particular 
hepatotoxicity255 and should only be attempted as a last resort, together with careful 
monitoring,, if other antiretroviral options are not available and the use of nevirapine cannot 
bee temporarily interrupted. After identification of concentrations below 3.1 mg/1 and 
verificationn of adequate adherence to treatment, physicians should consider changing 
nevirapinee to efavirenz. Efavirenz-containing regimens have shown optimal plasma drug 
levelss and good virological outcome when used with rifampin.26-27 Efavirenz is not an 
optionn during pregnancy, because of its teratogenicity.28 Treatment of pregnant females 
coinfectedd with tuberculosis is complicated. Females are more vulnerable to toxicity if CD4+ 

celll  counts are greater than 250 cells/mm3.29 Treatment with a protease inhibitor, other than 
ritonavir-boostedd saquinavir, wil l be indicated in pregnancy.30 

Thee choice of pharmaceutical companies to produces certain fixed-dose combination is 
understandablee from the manufacturer's perspective; the production process of a tablet 
containingg stavudine plus lamivudine plus nevirapine is cheap and simple. However, the 
usee of fixed-dose combinations makes it difficult to modify the individual components of 
thiss regimen, as often the cost of the same combination using 'individually dosed' drugs is 
higherr that the cost of the combination tablet. The virological and immunological 
consequencess for the HIV/M tuberculosis coinfected Thai patient population have not been 
welll  characterized, but based on the low number of subtherapeutic concentrations, our 
analysiss suggests that the standard dose of nevirapine as 200 mg twice daily is sufficient to 
reachh therapeutic concentrations in most (86%) Thai coinfected patients who also use 
rifampin.. However, we would like to stress that the presented analysis concerns 
pharmacokineticc data and that information about long-term virological and immunological 
outcomee is unknown so far. Increasing the dose of nevirapine should never be done without 
closee monitoring of the plasma nevirapine concentrations. However, in many developing 
countries,, in particular in the poorest countries, monitoring of drug plasma concentrations 
cann not be performed. 

Althoughh the concomitant use of nevirapine and rifampin is against the recommendation of 
thee manufacturer, this combination is frequently being used in developing countries where 
alternativess for nevirapine and rifabutin are not readily available. Patients with low BMIs 
aree more likely to have optimal nevirapine concentrations than patients with higher BMIs. 
Thee results of our study in Thai patients should therefore not be extrapolated to patient 
populationss with higher BMIs. 
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