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Abstract 

Tuberculosis is recognised as one of the leading public health problems in sub-Saharan Africa. 

The treatment and control of the disease depends largely on a limited number of 

chemotherapeutic agents, most of which have been used for the past 30 years. Discovery and 

development of new antimycobacterial agents has been relatively stagnant. New impetus from 

the Global Alliance for Tuberculosis Drug Development aims to register a new faster-acting and 

affordable drug by 2010. Until such an agent is freely available, though, it is necessary to use 

the available means at our disposal. Treatment regimens based on rifapentine, with its less 

demanding schedule, lack of autoinduction and increased absorption following food intake 

could make it an excellent candidate to anchor an intermittent chemotherapy regimen. 

The studies thus far on patients receiving proven bioavailable preparations of rifapentine do 

not comment on the respective plasma levels but have concentrated on specific outcomes. As a 

result little is known as to the magnitude of variability in plasma levels amongst patients 

receiving rifapentine. This degree of variability may prove to be important as rifapentine 

continues to be investigated as an alternative to rifampicin. 

This thesis describes the pharmacokinetics of rifapentine in a South African tuberculosis patient 

population with special reference to variability in serum drug levels between patients and 

between occasions. Forty-five patients received rifapentine doses of 600, 750 and 900 mg 

based on body weight. Doses were administered on study days one and five. All patients had 

already received not less than four weeks and no more than six weeks of standard 

antimycobacterial therapy (isoniazid, rifampicin, pyrazinamide and ethambutol). In total, 

twenty blood samples were collected per patient from 0 - 168 hours. Rifapentine and 25

desacetyl rifapentine concentrations were determined using validated high pressure liquid 

chromatography methods. Median peak plasma concentrations, time to reach this peak, plasma 

elimination half-lives and area under the concentration-time curve were calculated for both 

parent drug and metabolite on both occasions using noncompartmental methods. The 

pharmacokinetics of the parent drug was best described using a one-compartment model, with 

a lag time and first-order absorption and elimination . Estimated population parameters were 

absorption rate constant, lag time on absorption, clearance/bioavailability, and volume of 

distribution/bioavailability. Between subject and between occasion variability was below 25% 

V 



for all parameters except KA which showed a between subject variability of 52%. The 

pharmacokinetics of the metabolite in this study were best described by a one-compartment 

model with no first-pass metabolism and a clearance value that declined in a nonlinear fashion 

over time. Parameters estimated were, volume of distribution, induced metabolite clearance, 

baseline metabolite clearance, and slope of decline in clearance over time. 

In South African tuberculosis patients the 15 mg/kg dose of rifapentine was well absorbed and 

well tolerated. The variability observed between individuals and between occasions was small 

and similar to that seen in data from previous studies in healthy volunteers. 
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Chapter 1 


Introduction and study motivation 




1.1 MYCOBACTERIUM TUBERCULOSIS 

1.1.1 Introduction 

Mycobacterium tuberculOSis is a virulent pathogen that knows no ethnicl social or economic 

boundaries. Globally it is estimated that there are 8 million new suffers each year resulting in 2 

million deaths. That equates to one person each 15 seconds! The last decade has seen the 

number of tuberculosis (TS) cases grow by 20% with impoverished communities carrying the 

highest burden (Global Tuberculosis Cont rol l WHO Report 2003). This is particularly applicable 

to sub-Saharan Africa where the emergence of the HIV epidemic and the increase in the 

number of individuals living in poverty and under extreme conditions has facilitated the spread 

of the disease. The problem however is not limited to Africa with large parts of Asia also 

afflicted (Figure 1.1). 

Estimated Tuberculosis Incidence Rates, 2001 

a 

• 0 

• 
0" • \•• per 1o~ 000 pop ,

D < 10 I 

10 - 24 


_ 25-49 


D 50 - 99 

100- 299 


_ 300 or more 


D No estimate 

Figure 1.1 World Health Organisation estimated global tuberculosis incidence rates per country for 2001 

(Global Tuberculosis Control, WHO Report 2003). 

Twenty-two countries have been classified as having a high tuberculosis burden by the World 

Health Organisation (WHO). All but one of these claSSified countries have incidence rates above 

100 per 100 000 populationl and seven have rates above 300/10 000. South Africa is one of 
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these (556/100 000) and is topped only by Zimbabwe (628/100 000) and Cambodia (585/100 

000) (Figure 1.2). 
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Figure 1.2 Estimated incidence of tuberculosis in 22 high-burden countries for 2001 (Global 
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Tuberculosis Control, WHO Report 2003). 

As a result controlling TB is one of the national health priorities in South Africa. A national 

control plan was implemented in 1996 and incorporated the Directly Observed Therapy Short 

course (OOTS) strategy. This strategy emphasizes the need for: 

a) Political commitment 

b) Case detection amongst self-reporting patients with symptoms using sputum smear 

microscopy 

c) Short course chemotherapy under proper management and with direct observation of 

drug ingestion 

d) Assurance of uninterrupted drug supply 

e) Strong surveillance and monitoring system 

By the end of 2002 DOTS coverage in South Africa was at 77% and prompted new political 

commitment from the Minister of Health to achieve the goal of 100% coverage. This has led to 

a steady increase in the detection of new cases to 72% although the percentage of treatment 

successes (66%) is still well below the 2005 target of 85% (Country Profile South Africa, WHO 

Report 2003). 
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The above figures raise intriguing questions as to why we are not able to adequately cure 

patients when treatment is readily and freely available. These questions are unfortunately 

beyond the scope of this thesis but highlight the need for increased political and social 

commitment to the current strategies and control programmes. 

1.1.2 Treatment of tuberculosis disease 

1.1.2.1 Antimycobacterial agents 

A combination of four or five frontline drugs with varying modes of action (Table 1.1) is 

administered to patients diagnosed as 'new cases' for a period of two months in order to target 

actively dividing mycobacteria. This is followed by a two drug combination for a period of four 

months in the continuation phase as illustrated in Table 1.2. 

Table 1.1 Frontline agents used in the treatment of tuberculosis and their mode of action (Webb and 

Davies, 1999) 

Antibiotic: 

Isoniazid 

Ethambutol 

Rifampicin 

Streptomycin 

Pyrazinamide 

Mode of Action 

Inhibitor of cell-wall synthesis 

Inhibitor of cell-wall synthesis 

Inhibitor of RNA synthesis 

Inhibitors of protein synthesis 

Unknown 

Mode of resistance 

inhA, kat::. (mycolic acid synthesis) 


emiR> 


B-subunit of RNA polymerase (r,ooB) 


All mutations in rRNA 


pncA (pyrazinamidase) 
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Table 1.2 Current regimens for treatment of drug susceptible tuberculosis (South African Medicines 

Formulary, 2003) 

Regimen Intensive phase Continuation phase 

New case 2 months of isoniazid (IN H), rifampicin (RIF), and pyrazinamide 

(PZA), and ethambutol (EMS) 

:5 50kg: INH (240mg), RIF (480mg), PZA (1200mg), and EMS 

(800mg) 

~ 50kg: INH (300mg), RIF (600mg), PZA (1500mg), and EMS 

Retreatment 
I 

(lOOOmg) 

2 months of isoniazid, rifampicin, and pyrazinamide, ethambutol 

and streptomycin. StreptDmycin removed for the third month. 


:5 50kg: INH (240mg), RIF (480mg), PZA (1200mg), EMS (800mg) 


and STREP (750mg) 


~ 50kg: INH (300mg), RIF (600mg), PZA (1500mg), EMB 


(lOOOmg) and STREP (lOOOmg) 


4 months of isoniazid and 

rifampicin 

:5 50kg: INH (300mg), RIF [ 

(450mg) 

~ 50kg: INH (300mg), RIF 

(600mg) 


5 months of isoniazid, ri fampicin 


and ethambutol 

:5 50kg: INH (300m g), RIF 

(450mg), 

and EMS (800mg) 

~ 50kg: INH (300mg), RIF 

(600mg), 

and EMS (1200mg) 

1.1.2.2 Resistance to treatment 

111. tuberculosis is a hardy organism and possesses various intrinsic mechanisms to combat the 

effect of the drugs. The first is the almost impenetrable waxy outer cell wall. Porin channels 

allow smaller hydrophilic molecules to pass through while larger, hydrophobic compounds need 

to diffuse across the lipid bilayer. The reluctance of the mycobacterial cell wall to allow 

molecules to pass through it results in extended equilibration times following drug exposure. 

These times however are much shorter than the mycobacterial generation time (~ 24 hrs) and 

does not solely account for the resistance to treatment (Liu et a/., 1999). 

Molecules that are able to cross the first line of defence are then subjected to hydrolysis by B

lactamase, present in most species of mycobacteria. A third defensive mechanism exists to 

shield themselves from attack; a multi-drug efflux pump. The IrIA gene codes for the protein 

that catalyses the active efflux of molecules (Liu et a/., 1996) and demonstrates surprisingly 

broad specificity (Nikaido H., 1996). 

In conjunction to the synergistic relationship that exists between cell-wall barrier, hydrolYSiS 

and active efflux, the organism has also evolved and developed resistance to the specific mode 

of action of the various frontline agents (Table 1.1). 
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Introduction: Tuberculosis ' 

Point mutations in the rpd3 gene encoding the p-subunit of the RNA polymerase enzyme 

complex accounts for 90% of mycobacteria resistant to the rifamycin family (Cole S.T., 1994). 

About 5% of clinically isolated rifampicin (RIF) resistant strains 'of M. tuberculosis do not have 

this mutation and an inactivation mechanism is thought to be responsible (Cole S.T., 1996). 

Clinically isolated INH resistant strains may either have a deletion or mutation in the katJ3 gene 

encoding catalase peroxidase (Zhang et al, 1992; Heym et al, 1995). This prevents the 

conversion of INH to the active drug and thus renders it ineffective (Webb and Davies, 1999). 

Mutations on codon 306 of the emM genes disrupt the ability of ethambutol (EMB) to inhibit 

the arabinosyltransferases invol~ed in cell-wall syntheSiS, although the exact mechanism is still 

under investigation (Sreevatsan 'et al, 1997). Pyrazinamide (PZA), like INH, is a prod rug that 

muSt be activated to pyrazinaic acid by a bacterial pyrazinamidase. Lass of activity due to 

mutations in the structural gene (pncA) has been correlated to resistance (Sreevatsan et aL, 

1997). 

Despite the intrinsic and mutational resistance exhibited by M. tuberculosis, treatment with the 

multidrug regimen will kill the majority of the actively dividing population within the first two 

weeks (Waters et a!./ 1974). The small remaining group of persistent organisms may still be 

sensitive to the antimycobacteriaJ agents but survive by entering into a state of dormancy. This 

ability to survive in a dormant or semi-dormant state makes complete eradication of the 

disease extremely difficult. It is the unique ability of the rifamycin antibacteri,als to penetrate" 

lnto macrophages and retain actMtyagainst the residing semi-dormant organisms when they 

undergo sporadic bursts of growth and metabolism that make them such critical components of 

treatment. 

1.1.3 Absorption and elimination of the rifamycin antibacterials 

1.1.3.1 Absorption 

The bioavailability of an orally administered drug depends on its dissolution profile and the 

ability of the drug to cross the intestinal mucosa and be absorbed into the bloodstream. 

Despite small, structural differences (FIgure 1.3) the three rifamycins (rifampicin, rifapentine 

and rifabutin) have differing absorption profiles. 
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A) B) 

Figure 1.3 Comparative structures of the three rifamycins: A) rifampicin/ B) rifapentine/ C) rifabutin 

Ina study by Ranaldi et al. (1992) an in vitro jntestinal transport model was designed to 

compare the transport of drugs with varying physiochemical and pharmacokinetic properties 

across an intestinal epithelial cell line. In this study both rifampicin and rifapentine were 

successfully transported across. the. epithelial monolayer showing linear first-order kinetics up to 

60 minutes at concentrations of 100 mg/l. Rifapentine demonstrated more efficient transport 

and exceeded the rate of passage of rifampicin by 3-fold (18% vs. 50fa of the initial 

concentration in 60 minutes). Transport across the mucosal layer was by passive diffusion 

down a concentration gradient, which reflects the hydrophobicity of the relatively large 

rifamycin molecules. 

In clinical studies rifampicin administered at a dose of 600 mg is the most rapidly absorbed 

taking between 1.5 and 2.5 hours to reach maximal concentrations (Crnax) of 8 - 20 mg/L 

(Acocella G., 1978; Peloquin et al, 1999). This is followed by rifabutin with time to Cmax (Tmax) 

values between 2.5 and 4 hours although the Cmax is markedly less at 0.2 - 0.6 mg/L with the 

current licensed dose of 300 mg (Narang- et all 1992; Skinner and Blaschker 1995). 

Rifapentine dosed at 600 mg achieves similar maximal concentrations as rifampicin although 

the T max is extended to between 5 and 6 hours (Chan etal, 1994; Peloquin etal, 1999). 

Ingestion of food prior to drug administration has shown to impact on the absorption kinetics 

of the three agents (Table 1.3). Food has no significant effect on the area under the 

concentration curve (AUC) or the Cmax 1>frifabutin although the extent to which the Tmax was 

delayed did reach Significance (Narang et all 1992). The bioavailability, as measured by Cmax 

and AUC/ is reduced when rifampicin is dosed with food both in healthy volunteers (Polasa and 

Krishnaswamy/ 1983; Peloquin et al, 1999) and patients with active pulmonary disease 

(Siegler etal.I 1974; Zent and Smithl 1995). 
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The study by Polasa and Krishnas\AJamy (1983) enrolled six healthy young male volunteers. 

Rifampicin (10 mg/kg) was. administered orally following a wheat-based breakfast and 

compared to the fasting state. Seven blood samples were drawn over a period of 8 hours and 

pharmacokinetic measures derived. en- and AUC were reduced by 30% and 26% respectively 

while the T max was doubled to 4 hours. A more recent study by Peloquin et al (1999) also 

investigated the pharmacokinetics of rifampicin under fasting conditions and after food intake. 

Fourteen healthy subjects underwent extensive sampling with 18 blood samples collected up to 

48 hours post-dose. The results were similar to those of Polasa and Krishnaswamy with a 36% 

reduction in en- from 10.54 ± 3.18 mg/L to 7.27 ± 2.29 mg/L with a concomitant high-fat 

meat AUC was only marginally reduced by 6%. 

Administration of anti-tuberculosis medication after ingestion of a meal was proposed to 

overcome pyrazinamide induced nausea and to improve compliance in patients with active 

disease. This was found, however, to have an adverse effect on the kinetics of both rifampicin 

and isoniazid (Siegler et al, 1974; Zent and Smith, 1995). Siegler et at. (1974) administered 

rifampicin to 17 patients and blood was collected at five time points over 12 hours. Their 

results showed a 25% reduction in .en- and a 23% reduction in AUC when rifampicin was 

administered together with a high-fat meal. A three way crossover study by Zent and Smith 

(1995) compared high-fat and high-carbohydrate meals to the fasted state. A relatively large 

cohort of 27 patients was enrolled and blood sample collection up to '8 hours post-dose was 

intensive. The results, while in agreement with the study by Polasa and Krishnaswamy 

(carbohydrate-rich meal), contradicts the findings of Siegler and Peloquin (both high-fat 

meals). The carbohydrate-rich meal produced moderate although Significant reductions in en
(15%) and AUC (4%). The lipid-rich meal had no significant effect on the Cmax and actually 

increased the AUC by 8%. 
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Table 1.3 Summary of the effect of concomitant food intake on the pharmacokinetics of the rifamycins 

Reference . Drug (Dose) Meal type Cmax AUC Tmax 
: 

Narang etal. Rifabutin 300 mg High-fat .0.17% .0.5% "fr 80% 

Siegler et al. Rifampicin 450 mg High-fat .0.25% -.0. 23% "fr 100% 

Polasa and 
Rifampicin 10 mg/kg High-carbohydrate .0. 30% .0.26% "fr 100% 

Krishnaswamy 

Zent and Smith Rifampicin High-fat .0.4% "fr8% "fr2% 

< 50 kg 450 mg 

> 50 kg 600 mg High-carbohydrate .0.15% .0.4% "fr 19% 

Peloquin et al. Rifampicin 600 mg High-fat .0.36% -.0.6% "fr 103% 

Keung et al. Rifapentine 600 mg High-fat "fr 49% "fr 56% "fr 32% 

Keung et al. Rifapentine 600 mg~ High-fat "fr 50% "fr 46% "fr 10% 

~ HIV positive subjects 

"fr Increase in values -.0. Decrease in values 

The bioavailability of rrrapentine is positively impacted by concomitant food intake. This was 

first shown by a Chinese research group (Chanet aI., 1994) and later confirmed by an 

American research group that used rifapentine of Western manufacture (Keung et aI., 1995). 

The American group studied the effect of food on absorption in 20 healthy young 'male 

volunteers. Cmax and AUCo-oo increased by 49% and 56% respectively over the fasted state. A 

more recent study by the same group fed a high-fat breakfast to HIV seropositive volunteers 

and showed increases in Cmax of 50% and AUGJ-oo of 46% (Keung et aI., 1999). Meals with 

varying caloric composition have been shown to have considerable impact on the absorption of 

rifapentine (Lepetit Research Centre, 1988; Chan et aI., 1994). A study in 1999 by the Division 

of Pharmacology, University of cape Town on 31 uninduced healthy male volunteers 

(unpublished data) investigated this variable effect in more detaiL The fwe-way single dose 

cross-over study produced the following results: 
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Table 1.4 Table comparing the difference in Cmax and AUCO-72 after administration of 900mg of 

rifapentine following the ingestion of various meals. 

r Cmax *SO SO Cmax % AUC% Significance 

, 
1M 

(/L)mg (h IL)mg. r t ncrease Increase (P . edt t t)air -es 

Fasting 16.j7 ± 1.28 422.49 ± 36.44 - -, -
English Breakfast 28.28 ± 1.17 729.75 ± 23.62 42.11 

: 
~ 42.10 P <0.01 

High fluid content (soup) 23.42 ± 1.13 578.25 ± 34.08 30.10 26.94 i P < 0.01 
t 

High bulk, high fat 22.84 ± 1.19 563.04 ± 36.14 28.33 24.96 
I 

P < 0.01 

High bulk 19.83 ± 0.84 482.01 ± 20.64 17.45 ! 12.35 
l 

P < 0.2 

The meals fOr this crossover study were chosen based on previous research, and also. in 

recognition of the differing needs and diets of an African population. The Chinese study (Chan 

et al, 1994) used a fast~food 'sandwich 'Containing ,ham and 'eggs and' showed a favourable 

result. This led to the inclusion of an £nglishbreakfastin one arm. The high-bulk meals were 

maize-based which is the staple food in a large majority of South Africans. The soup-based 

meal was included to emulate an outpatient clinic setting whereby a meal could easily be 

distributed to a large number of individuals to possibly aid ,absorption and improve nutrjtional 

status. The results from the study were very encouraging, particularly the soup-based meal 

which showed increases in Cmax of 30% and in AUC of 27%. 

Elimination 

Both rifampicin and rifabutin undergo extensive hepatic and intestinal metabolism and are 

deacetylated to their main metabolites by f3--esterases (Jamis-Dow et aI., 1997). The further 

oxidation of 2S-o--desacetyl 'rifabutin is 'ootalys€d by CYP3A4 -(Iatsimirskaia et all 1997; 

Trapnell et al, 1997) while rifampicin is subject to nonoxidative add-mediated degradation to 

formyl derivatives (Acocella G., 1978). The' suggested primary' metabolic pathways for 

rifapentine are deacetylation and non-enzymatic hydrolysis although the enzymes responsible 

'have not yet been identified. This results in one primary enzymatic metabolite, 25-desacetyl 

rifapentine, and two secondary 'non-enzymatic metabolites, ,3-formyl.rifapentineand 3-formyl

desacetyl rifapentine (Reith et al, 1998). The primary route of elimination for the rifamycins is 

via biliary excretion, although gastrointestinal secretion and renal clearance also play a role 

(Acocella G., 1978; Battaglia et al, 1990; Reith et aI., 1998). The structural differences again 

result in widely differing elimination half-lives. Rifampicin is eliminated from the .plasma the 

fastest With a half-life of 2 - 5 hours (Acocella G., 1978) followed by rifapentine with half-life 
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estimates of between 14 and 18 hours (Keung et 131., 1999). Rifabutin has the longest half-life 

with reported values of between 32 and 67 hours (Skinner et al, 1989; Skinner and Blaschke, 

1995). 

Neither rifampicin nor rifapentine have been shown to be cytochrome P450 substrates but both 

are confirmed inducers of CYP3A4 and CYP2C8/9 (Acocella G., 1978; Kenny and Strates, 1981; 

Aventis, 2000). The induction potential of rifapentine is similar to rifampicin when both agents 

are dosed daily at 600 mg but· is weaker when rifapentine is dosed intermittently i.e. every 

three days or once-weekly (Keung et aI., 1999). Enzyme induction occurs within 4 days of the 

initial dose and returns to baseline levels 12-14 days after the last administration (Keung et al., 

1999). 

Repeated daily administration of rifampicin results in a substantial decrease in AUC and 

terminal-half-life (Acocella G., 1978) while repeated administration of rifabutin reduces AUC 

with no apparent change in half-life (Strolin Benedettiet al, 1990). Induction of presystemic 

extrahepatic metabolism, which seems to be important in the availability ofrifabutin, should be 

mainly responsible for the decrease in the AUC observed. Unlike the othertworifamycins 

rifapentine does not induce its own metabolism. This result was concluded in a 1999 study by 

Keung and colleagues who investigated the pharmacokinetics of rifapentine after daily and 

intermittent doses and showed that no significant differences (p=0.307) exist between AUCo-oo 

for a single dose and AUCo-24 at steady state following eight daily doses of 600mg. These 

results indicate a lack of autoinduction and also pOint to the fact that steady exposure may be 

predicted from single-dose pharmacokinetics. 

Rifampicin is currently the rifamycin of choice for the treatment of active pulmonary 

tuberculOSiS. As we have seen healthy· volunteers produce maximal serum levels. of 

approximately 10.5 mg/L in the fasted state (Peloquin et ill, 1999). The combined effect of 

autoinduction (Acocella G. 1978) and drug administration after food intake (Siegler et ilt., 

1974; Zent and Smith, 1995) in tuberculosis patients could result in a decrease in serum levels 

of close to 60% from those seen in healthy volunteers. This already places patients in the so

called suboptimal or grey-therapeutic treatment bracket of serum levels between 4 and 8 mg/L 

(Peloquin C.A., 1997). Various other factors have also been . linked to this grey-therapeutiC and 

also to possible subtherapeutic « 4mg/L) serum rifampicin levels. These include malabsorption 

in immunocompromised hosts (Berning et ill, 1992; Peloquin et ill, 1993; Gordon et ilL, 1993; 

Patel et aL, 1995; Sahai et aI., 1997), poor bioavailability of available formulations (McIlleron et 
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a/., 2001; Van Crevel et a/., 2002), gastrointestinal disease and poor nutritional status (Mehta 

et al, 2001). All factors considered it seems patients face an uphill battle in the quest to 

achieve levels above 8 mg/L and the need exists to define a therapeutic level and optimise 

therapy to achieve this. 

1.1.4 Delayed response to treatment and inferior bioavailabi/ity 

Kimerling et al (1998) studied a group of non-HIVinfected individuals that were slow to 

respond to drug treatment, .showed early relapse, had reactivated disease, or acquired drug 

resistance while undergoing directly observed therapy. Once patients were identified, serum 

levels were drawn and assayed for levels of rifampicin at two hours. These case studies (n=22) 

were compared demographically to a randornly selected control group (n=43). There was no 

difference between the two groups with respect to extent of tuberculosis disease. For a 600mg 

dose of rifampicin, 14/22 patients in the case study group had levels below 8mg/L and five of 

those had levels below 1mg/L. Isoniazid serum levels rneasured also showed that only 7/22 

patients had therapeutic levels. Patient non-cornpliance was not responsible for these results as 

drug administration was fully supervised and adequate levels of pyrazinarnide were present. 

Unfortunately serum levels were not drawn from the control group so the question remained: 

Were suboptirnal levels only present in a small subset of patients that were slow to respond or 

was the problem more widespread? 

Recent studies by McIlleron et a/. (2002) and van Crevel et al (2002) in developing countries 

show that low plasma concentrations may not be restricted to a srnall subset. In the South 

African study (McIlleron et al 2002) full pharmacokinetic profiles were determined for RIF, 

INH, PZA and ErB in 118 patients that had been receiving therapy for a period of two months. 

Patients were fasted and drugs administered under direct supervision of the investigators. The 

mean peak concentration for rifampicin was well below the published recommended level of 8 

mg/L (Peloquin C.A., 1997) and just crept above 4 mg/L. Close to 40% (44/118) of patients 

had measured concentrations below 4 mg/l. Inferior bioavailability as a result of poor drug 

quality was seen as the biggest culprit here and the need for efficient enforcement of 

regulatory requirements was emphasized. 

The Indonesian study (Van Crevel et a/., 2002) enrolled a total of 62 patients and only two 

hour post dose senlm levels were measured. Only two patients of the cohort reached the 

previously defined 'therapeutic' levels (8 mg) While 43 individuals had 'subtherapeUtic' levels 
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«4 mg). Despite this 80.6% of the patients were cured, with three patients showing delayed 

response. Once again reduced bioavailability was indicated as the major point at issue. Two 

formulattons were used in the study 'and while both contained similar amounts "Of rifampicin 

(93% and 100% when compared to reference) formulationB produced serum concentrations 

that were 2.35 times higher than formulation A. Regrettably the majority of the ~tients in the 

study received the inferior product and this further stresses the need for strict. enforcement of 

bioavailability and bioequivalence reqUirements. 

Individuals involved in the treatment of tuberculosis therefore need to be acutely aware that 

small changes in product formulation or concomitant food intake can negatively impact on 

rifampicin kinetics. This sensitivity to change may contribute to inter-subject variability in the 

absorption of· rifampicin as well as the possibility of variability in the serum levels between 

consecutive days of treatment (EHard and Fourie, 1999). 

1.1.5 Interindividual and interoccasional variability 

Considerable inter-subject and inter-occasional variability in the pharmacokinetics of· rifampicin 

has been recognised (Ellard and Fourie, 1999). Healthy volunteer studies with rifampicin have 

shown inter-subject variability to be in the order of 30% for peak concentration (Cmax) as well 

as area under the curve (AUC) although interoccasional variability is reported as negligible 

(Peloquin et al, 1997; Peloquin et al, 1999). In a more recent study with healthy Asian Indian 

volunteers (Pargal and Rani, 2001) the variability between subjects for Cmax was 54% andAUC 

62%. The studies had similar inclUSion/exclusion Criteria although the Peloquin studies used a 

dose of 600mg and the Pargal study a dose of 450mg. The disparity in results highlights the 

intrinsic variability of rifampicin pharmacokinetics. A pilot study conducted by the Division of 

Pharmacology, University of Cape Town in 1999 (unpublished data) in tuberculoSiS patients 

showed a large degree of variation in rifampicin Cmax and AUC levels between both individuals 

and occasions. Variations in gastrointestinal bioavailability, concomitant medication, food 

intake, and the induction of hepatic enzymes and transporters could all account for the high 

degree of variability in this patient group. 

A sub-study by the Division of Pharmacology in the same patient group as mentioned above 

evaluated the interoccasional variability between different dosing occasions (unpublished data). 

Three full pharmacokinetic profiles were collected from each patient separated by one week. 
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The results (Table 1.5) indicate a considerable amount of variability in rifampicin measures that 

were not present with isoniazid or pyrazinamide. 

Table 1.5 Interoccasional variability in rifampicin -pharmacokinetic measures of tuberculosis patients 

over a three-week period. 

Patient Cmax(mg/L) AUCO~Q) (mg.hr/L) 

Number Mean:i: 
-
SO 

T 
°/oCV Range 

to 

Mean:i: SD °/oCV Range 

!4.54 ± 5.60 123.36 25.12 ± 29.27 116.52 5.75 - 58.80 

2 

1.20 - 11.011 

28.80 ± 11.96 26.37 - 31.24 

3 

6.01 ± 4.98 82.80 2.15 - 11.63 11.96 

2.67 - 31.23 

4 

0.43- 2.24 16.95 ± 20.19 1.32 ± 0.91 69.04 119.11 

68.74 6.71- 30.65 

5 

1.90- 9.56 17.62 ± 12.11 5.63 ± 3.84 68.22 

34.59 66.37 - 121.83 

6 

12.30 ± 1.45 11.79 10.65 - 13.37 87.23 ± 30.17 

1.97 ± 1.13 57.30 7.14 ± 2.05 28.72 5.69 - 8.59 

7* 

1.10 - 3.24 

2.10 ± 1.27 1.20 - 3.00 

8 

0.22 ± 0.04 18.86 0.19 - 0.25 60.61 

6.50 - 29.20 

9 

6.47 ± 3.84 59.33 2.04 - 8.85 25.25 ± 17.11 67.79 

101.85 3.59 - 27.96 

10 

11.96 ± 13.87 115.951.25 - 6.773.11 ± 3.17 

52.74 ± 36;43 11.02 ± 2.57 8.59 -13.71 36.43 33.58 - 72.00 

11 

23.31 

8.44 ± 1.74 6.67 -10.16 65.50 ± 34.91 30.66 - 100.49 

12 

20.65 53.30 

7.92 - 23.9345.64 2.14 - 5.93 16.90 ±8.18 48.424.19 ± 1.91 

* Only sampled on two occasions so - standard deviation CV coefficient of variation 

The degree -of variability, bothintersubject ,and interoccasional, is of importance because with 

increased variability the efficacy and safety of the drug may become compromised and 

subtherapeutic levels may become a likely scenario. This could lead to delayed or incomplete 

responses to treatment and increase the risk of drug resistance. 

1.1.6 Rifapentine-based trea'tment as an altemative to rifampicin 

The current rifampicin-based treatment regimen is demanding and complex. Asking a patient 

to ingest upwards of six tablets everyday for a minimum of six months is stretching the limit of 

tolerance and will invariably lead to a proportion of patients defaulting, especially after a 

significant improvement in overall health is observed during the first eight weeks. These 

patients may not be cured and could well continue to spread the disease as well as deadly 

drug-resistant strains. 
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Details regarding the compliance of South African patients adhering to a full six months of 

therapy are scant, although the problem of non-adherence is widely recognised. Solutions to 

the issue of non-compliance have been sought and the effectiveness of a modified DOTS 

programme was investigated (Wilkinson D., 1994). Adult patients received isoniazid 900mg, 

rifampicin 600mg, pyrazinamide 3g, and ethambutol 2g, twice weekly. Supervision sites were 

identified, starting with clinics, community health care workers, schools, and extending to 

stores and even tea rooms. Emphasis was placed on·patient convenience and each patient was 

assigned a supervisor of their choice. Monthly visits by a TB health worker to the supervisor 

ensured compliance. Of the cohort of 814, 83% completed treatment, 7% died, and the 

rem~ining individuals were lost to the programme. This is an improvement in compliance of 

65%, as retrospective analysis showed that prior to the study only 18% had definitely 

. completed treatment. 

This was a well structured programme that maximised available community resources to 

ensure full supervision of treatment. The cohort however was relatively small (814) and the up

scaling of this programme from a provincial to national level would no doubt face logistical 

problems. Nevertheless valuable conclusions can be made. The DOTS strategy has been 

labelled authoritarian and alienating (Dick and Pekeur, 1995), but by including members of the 

community, motivating staff, and by putting patient's convenience first a more favourable 

environment was created. The simplified intermittent treatment strategy also played a key role 

in the success and therein lays the challenge; developing curative regimens that require 

patients to take drugs less frequently or for a shorter period of time (Chan and Iseman, 2002). 

In recQgnition of this the Global Alliance for TB Drug Development was -established in 1998. 

The aim is to accelerate the discovery and development of faster-acting and affordable drugs 

to fight tuberculosis. The current strategy is to register a new compound by 2010 that will: 

• Shorten the duration of treatment or simplify its completion 

• Be effective against multi-drug resistant TB 

• Improve the treatment of latent TB infection 

Advantages of such an agent may be greater efficacy, improved patient compliance, less 

resistance, and decreased healthcare costs (Temple and Nahata, 1999). Until such an agent is 

freely available, though, it is necessary to use the available means at our disposaL Treatment 
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regimens based on rifapentine, with its extended half-Iife, will not shorten the treatment period 

but will offer the possibility of less frequent dosing and therefore a less demanding dosing 

schedule. This could improve adherence to therapy and could also potentially make direct 

observation more efficient and cost-effective. 

Further advantages of rifapentine lie in the positive impact on absorption with concomitant 

food intake. Maintaining adherence to the current therapy on an empty stomach is difficult, 

particularly when one of the most frequent adverse events is pyrazinamide induced nausea and 

vomiting. The proposed idea of ingesting a meal prior to drug administration did not .have the 

desired outcomes (Zent and Smith, 1995) with significantly reduced levels of rifampicin and 

isoniazid. This problem can be overcome with rifapentine as the. prior ingestion of a meal 

promotes absorption and boosts serum levels by up to 30% with a soup-based meal. While 

food intake could limit nausea andaidabsorpt~on of rifapentlneit still creates unfavourable 

absorption conditions for isoniazid. However, the time over critical concentration rather than 

Cmax is the critical pharmacodynamic parameter for isoniazid treatment and as long as this is 

stU! achieved giving doses of rifapentine and isoniazid with food is not unreasonable (Burman 

etall 2001). 

Rifapentine with its less demanding dosing schedule, lack of autoinduction and increased 

absorption following food intake could make it an excellent candidate to anchor an intermittent 

chemotherapy regimen. 
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1.2 RIFAPENTINE 

1.2.1 in Vitro Activity 

Rifapentine is a semisynthetic rifamycin derivative that differs from rifampicin by the 

substitution of a methyl group with a cyclopentyl ring. The chemical formula of rifapentine 

(Figure 1.3b) is rifamycin! 3-[[(4-cyclopentyl-1-piper ..azinyl) imino] methyl] and its molecular 

formula Ct7H64N4012 (Aventis Pharmaceuticals! 2000). 

To be effective! antimicrobial agents need to reach and be active within the site of infection. 

Soth rifapentine and its primary metabolite! which is active against M. tuberculosiSt localize 

within monocyte-derived macrophages (Easmon and Crane, 1984; ·"Mor et al, 1995) thus 

promoting intracellular inhibition of the organism. This results in an enhanced kill rate 

compared to either the parent or metabolite acting alone. Rifapentine uptake into neutrophils is 

rapid and intracellular/extracellular ratios are 5-fold higher than rifampicin at physiological pH 

and temperature (Easmon and Crane! 1984; Mor et al, 1995; Pascual et al, 1987). The 

intracellular accumulation for each agent was independent of drug concentration with the 

intracellular/extracellular ratio reaching 24.0 ± 3.9 fot rifapentine and 4.4 ± 1.9 for rifampicin 

(Mor et al, 1995). The postulated mechanism of uptake is by simple diffusion across the cell 

wall due to good lipid solubility. Neither oxidative nor glycolytic metabolism is required to 

provide energy for uptake (Easmon and Crane, 1984). 

Various studies have compared the minimal inhibitory concentrations (MIC), minimum 

bactericidal concentrations (MSC) (Table 1.6), and pulsed drug exposures of rifampicin and 

rifapentine on different resistant and susceptible clinical strains of M. tuberculosis. Dickinson 

and Mitchison (1987) demonstrated that the MICof rifapentine was 2-3 times lower than 

rifampicin in sensitive isolates, . although rifampicin showed greater bactericidal activity at 

concentrations of 0.5 and 1.0 mg/L. Log phase cultures were exposed to the two agents for 

periods of 6, 24 and 96 hours. Each exposure was followed by a period of slow growth, lasting 

2-3 days, after which the growth rate would gradually return to normal. Rifapentine and 

rifampidn produced identical effects with respect to pulsed drug exposure. Resistance 

developed in 5 of 12 strains after 10 days of exposure. A separate study examining the MICs of 

rifampicin and rifapentine for a collection of 24 rifampicin-resistant clinical isolates showed 
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them to be virtually indistinguishable. All mutants resistant to rifampicin were also resistant to 

rifapentine (Moghazeh et al, 1996). 

Table 1.6 Comparison of the inhibitory and bactericidal activities of rifapentine and rifampicin against 

various strains of M, tuberculosiSboth intra-and extracellularly (Mor etal, 1995). 

Strain 

Minimal Inhibitory Concentrations (mg/L) 

Extracellular bacteria Intracellular bacteria 

Rifapentine Metabolite* Rifampicin Rifapentine Metabolite* Rifampicin 

H37Rv 

Erdman 

Atencio 

0.06 

0.06 

0.06 

0.06 

0.06 

0.12 

0.12 

0.12 

0.25 

0.015 

0.06 

0.03 

0.03 

0.12 

0.06 

0.25 

0.12 

0.25 

Strain 

Minima' Bactericidal Concentrations (mg/L) 

Extracellular bacteria Intracellular bacteria 

Rifapentine Metabolite* Rifampicin Rifapentine Metabolite'" Rifampicin 

H37Rv 

Erdman 

Atencio 

0.25 

0.5 

0.5 

0.5 

1.0 

1.0 

0.5 

0.5 

0.25 

0.06 

0.25 

0.12 

0.06 

0.25 

0.25 

1.0 

0.5 

0.5 

* The primary metabolite of rifapentine is 25-desacetyl rifapentine 

Both rifampicin and rifapentinesignificantly reduced the number 'of colony forming units (~u) 

of bacteria within the macrophage when administered in pulse doses of 600ing weekly 

(rifapentine) and 600mg every three days (rifampidn). After two weeks of treatment those in 

the rifampicin treated group had a higher number of cfus than those treated with rifapentine. 

These preliminary studies suggest that rifapentine possesses a greater ability to reduce the 

bacterial count fora longer period (Mor et al, 1995; Pascual et aL, 1987). 

1.2.2 Animal Efficacy Studies 

After rifapentine penetration into macrophages was' established, "its role in treating and 

preventing tuberculosis was studied. 

The three rifamycins: rifampicin (RtF), rifapentine (RPT), and rifabutin (RBT) were compared 

for the preventative treatment of tuberculosis in immunocompetent mice (Ji et aL, 1993). The 

mice were initiallyvacdnated with BeG (Bacillus calmette Guerin) and ·then inoculated with the 
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virulent H37Rv strain of M. tubetrulosis. After six weeks the various treatment regimens were 

evaluated and compared. 

After a single oral dose of 10mg/kg, RPT had the highest Cmax value (15.24 ± 0.32 mg/l), 

highest AUC(area under the curve) value (640.6 ± 21.6 mg/l), and the longest half-life (23.35 

± 2.62 hr), almost six times longer- than RIF. RPT given once weekly reduced the au count 

more Significantly than the same dose of RIF given three Urnes a week. The cfu counts in mice 

treated with RPT three times a week were comparable to RlF dosed 10 mg/kg six times a 

week. When RIF was given at the same dosage and rhythm as RPT it always resulted in 

Significantly higher cfu counts. The results indicate that during the first six weeks of treatment, 

at similar doses and dosage intervals, RPT has superior bactericidal activity against M. 

tuberculosis in mice than RIF. 

The use of rifapentine in mice for preventative therapy of M. tuberculosis infection was studied 

to assess the efficacy of rifapentine versus other non-rifamycin anti-tubercular agents in 

immunocompromised and normal hosts (Chapuis et al, 1994). Two reference drug regimens 

(INH alone for a period of 26 weeks, or RIF-PZA daily for 13 weeks) were tested against two 

rifapentine containing regimens (13 weeks of once weekly dosing of rifapentine either alone or 

in combination with II\IH). Normal mice treated with the II\IH only regimen produced spleen and 

!ungcultures negative in 7/10 mice treated. The c.ombination of RIF and PZA impr.oved 

outcomes; 9/10 mice were spleen and lung culture negative at 13 weeks. In the two 

rifapentine groups the addition of INH to the regimen significantly increased effectiveness. All 

spleen and lung cultures were negative compared with 4 spleen-culture negatives in the RPT 

only group. This is a notable difference and highlights the effectiveness of the combined 

regimen. Furthermore, no resistance was noted. Nude mice treated with INH alone responded 

poorly with the entire group lung-culture and spleen-culture positive at completion. A mortality 

rate of 100% was observed in the RIF-PZA group at 9 weeks. The nude mice did not respond 

well to treatment with RPT alone at extended dOSing intervals and mortality was related to the 

length of the interval. Administration of RPT once weekly showed real bacteriCidal activity but 

was unable to render cultures completely negative. Addition of INH to the regimen once again 

Significantly improved results and was the only regimen to produce negative cultures in nude 

mice. Eight of nine mice treated with RPT-INH survived until the end of follow-up (26 weeks). 

The studies described above evaluate the performance of intermittent regimens. The study by 

Lenaerts et al. (1999) evaluates the efficacy of RPT in providing a sterilising cure without 
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relapse for three months post-dose. Daily treatment of normal mice with RPT-INH-PZA cleared 

the lungs and spleen of mycobacterial growth after 10 weeks, while the RIF-INH-PZA 

combination required an additional 14 weeks to achieve the same results. Twice weekly 

therapy of INH-RPT with or without PZA resulted in the same total bacterial clearance after 

nine weeks. After a follow.,.up observation period of 12 weeks both RPT and RIF based 

treatment groups showed relapse of infection. While initial findings were positive this study 

highlights the importance of long-term experiments in establishing differences between 

efficacies of new drug candidates. 

Recently moxifloxadn (MOX) has been shown to have strong antimycobacterial· properties in 

murine tuberculosis models (Ji lit a/. 1998; Miyazaki et a/., 1999) and the extended half-life 

(Stass and Kubitza, 1999) makes it a more suitable partner to rifapentine than isoniazid. Lounis 

et a/. (2001) examined the sterilising activity of· moxifloxacin both during the initial and once

weekly continuation phase of therapy by comparing it to streptomycin. The results from the 

study are presented below: 

Table 1.7 CFU taunts in mouse lungs after two \rveeks and six 'months of treatment and after three 

months of follow-up without treatment (Lounis et a/., 2001). 

Treabnent groupb 
L0910 CFU at 2 

weeks 

% of poSitive cultures at' 

Gmonths 9 months 

A: 6 mnths of Palone 1/7 

B: 2 mnths of HRZ 5/7 + 4 mo of HR 5/7 

C: 2 wks of 5HRZ 5/7 + 5.5 mo of 5HP 1/7 

0: 2 wks of 5HRZ 5/7 + 5.5 mo of HP 1/7 

E: 2 wks of MHRZ 5/7 + 5.5 mo of MHP 1/7 

F: 2 wks of MHRZ 5/7 + 5.5 mo of HP 1/7 

G: 6 mnths of 5HPM 1/7 

-
5.60'::/: 0.34 

4.94::/: 0.32** 

4.94::/: 0.32** 

5.30 ± 0.45 

5.30 ± 0.45 

5.56::/: 0.25 

7/10* 

0/20 

2/16 

0/16 

0/19 

0/18 

1/19 

-
1/16 

11/18 

10/18 

2/13 

7/14 

7/12 

b HI isoniazid; RI' rifampicin; Z, pyrazinamide; PI rifapentine; 5" streptomycin; M, moxiHoxacin; 1/7, once 


weekly; 5/7, five times weekly, mnths - months, wks - weeks. 


~ ,A culture was considered .positive-if any number of colonies.was detected. 


* five of seven mice harboured rifampicin-resistant mutants 

** significantly different from groups B, E, and F (p<O.Ol) 
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While streptomycin exhibited marginally better activity during the initial daily phase, the 

inclusion of moxifloxacin strongly increased the sterilising activity during the continuation phase 

v~ith only 2/13 mice relapsing three months after treatment compared with 60% in the 

streptomycin group. The strongest result to emerge from this study is the comparable 

effectiveness at 6/9 months of the standard regimen of two months INH-RIF-PZA followed by 

four months of INH-RIF and the two weeks of INH-RIF-PZA-MOX followed by 5.5 months of 

INH-RPT-MOX. By increasing the RPT dose to 15 mg/kg and theMOX dose to 400mg/kg, the 

antimicrobial activity of the regimen may be further enhanced with improved longer term 

outcomes and as such could become a candidate regimen for evaluation in clinical trials in 

patients with pulmonary tuberculosis. 

1~2.3 Clinical efficacy studies 

Three separate studies on three different continents evaluated the efficacy of a continuation 

phase treatment of once-weekly therapy of rifapentine in conjunction with isoniazid. 

The first study began in December 1991 in the People's Republic of China (fam et af., 1998; 

Tam et al, 2000; Tam et al, 2002). Rifapentine of Chinese manufacture was used and a total 

of 592 patients were included in the study. After receiving an initial two months of therapy 

(RIF-INH-PZA-STREP) patients were randomly aSSigned to one of three different regimens: 

a) INH-RIF three times weekly (which served as a control) 

b) INH-RPT once weekly 

c) INH-RPT once weekly with every third dose omitted to simulate poor compliance 

Drug dosages were 600 mg INH for patients under 43 kg, 800 mg for those between 43 and 57 

kg, and 1000 mg for those over 57 kg. RIF and RPT wereadininistered at doses of 600 mg 

irrespective of body weight. The bioavaitability of the Chinese manufactured rifapentine was 

found to be inferior to the. drug manufactured by Merret Dow Lepetit in the United States, and 

the dose was increased to 750mg for the last 38% of patients. Monthly sputum tests were 

carried out for 24 months after the start of treatment and then at three and six monthly 

intervals until a five-year follow-up had been completed (Table 1.8). 
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Table 1.8 Final outcomes from Hong Kong Trial 

Months 

from start 

of treatment 

INH-

Available 

RIF 

Relapse 

n{OJo) 

INH-RPT INH-RPT (2/3)* 

Available Relapse Available 

n(OJo) 

Relapse 

n(OJo) 

Total 

Patients 

n(OJo) 
I 

, 
6 

12 

18 

30 

42 

60 

172 

166 

160 

152 

141 

133 

0(0) 

5 (3.0) 

6 (3.6) 

7 (4.2) 

7 (4.2) 

7 (4.2) 

179 1 (0.5) i 183
• 

169 10 (5.6) l 163, , 
163 14 (7.9) 

, 
158. 

151 18 (10.2) ; 149., 
145 19 (10.8) I 143 

140 19 (10.8) : 129, 

0(0) 

17 (9.4) 

19 (10.5) 

20 (11.1) 

21 (11.7) 

21 (11.7) 

534 (100) 

498 (93.3) 

481 (90.1) 

452 (84.6) 

429 (80.3) 

402 (75.3) 

I 

* INH-RPT regimen with every third dose omitted 

!tis evident that the rate of relapse in the rifapentine based regimens increased substantially 

after 12 months and was close to three times higher than the rifampicin based regimen at 5 

years. An intriguing question is why rifapentine performed worse than expected despite its 

promising in vitro results and satisfactory serum levels (Tam et al, 1997). One possible 

explanation is that rifapentine is highly protein bound (Reith K et al, 1998) with only a small 

unbound fraction circulating that is not able to satisfactorily sterilise the lesions during the 

continuation phase. 

Thefinal'repoft 'after' 5 'years of follow..:up (Tarn l!t al, 2002) -assessed the'progn'O'stit 'influence 

of various factors. Independently 'Significant factors were the .regimens (rifampicin vs. 

rifapentfne), gender, and the extent of radiographic disease. A positive result to emerge from 

this study is the, small difference- in relapse between the two rifapentine, regimens; It would 

appear that while the dose may not be optimal, the once-weekly regimen is robust enough to 

maintain a degree ofefficacy ·even in the presence of simulated poor compliance. 

The second study was licensing study 008 conducted by Hoechst Marion Roussel in South 

Africa (Aventis Pharmaceuticals, 2000). Patients were randomised to receive the standard 

therapy 'of ruf-INH~PZA-fTB daily for the first ·60 days followed by 120 days of RIF-INHtwice 

weekly or, daily doses of INH-PZA-ETB for 60 days in conjunction withRPT twice weekly 

followed by RPT-INH once weekly for 120 days. 600 mg of RPT was used in all cases. Patients 

in either group were followed-up for a period of 24 months following the 180 day treatment 

period. Oatafrom 570 patients are presented (TableL9}. 
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Table 1.9 Clinical outcomes from Study 008 

Rifapentlne Combination Rifampicin Combination I 
Status at the end of treatment 

Converted 87% (249/286) 81% (229/284) 

Not-converted 1% (4/286) 3% (8/284) 

Lost to follow-up 12% (33/286) 17% (47/284) 

Status at the end of follow-up 

Relapsed 10% (25/249) 5% (11/229) 

Sputum negative 81% (201/249) 90% (205/229) 

Lost to follow-up 9% (23/249) 6% (13/229) 

• 

The above results show a positive response to rifapentine at the end of treatment, but an 

unacceptable rate- of relapse- in the follow-up to 24 months. Most of the relapses were 

attributed to poor compliance with the companion drugs during the intensive phase but this did 

not account for all relapses. Further risk factors associated with relapse included failure to 

convert sputum at two months, extent of radiographic disease, and gender, with males more 

predisposed to relapsing than females; a result in accordance with the Hong Kong Trial. 

Relapse was not associated with the development of rifal1lpicin/rifapentine resistance. 

The third study was initiated by the Tuberculosis Trials Consortium and began enrolment in 

April 1995 from a variety of sites across North America (Vernon et al. 1999; Senator et al., 

2002). A similar study design to the 'Hong Kong tria1 was employed and Similar prognostic 

factors were assessed, although only results from HIV negative subjects are presented here. 

After the intensive two month treatment period 502 patients were randomised to the 

rifapentine arm. Patient health was assessed on a monthly basis during treatment and three 

monthly after that to complete 24 months after treatment completion. In agreement with the 

previous two studies relapse rates were in the order of 9% (46/502) for the rifapentine group 

and 6% (28/502) for rifampicin (p=O.04). Patients randomised to receive rifapentine were 

more likely to have a positive sputum smear or culture and a greater extent of disease at the 

end of the intensive phase. These factors were identified as being assoCiated with relapse and 

if patients with pulmonary cavitation are excluded from the analysis the relapse rates between 

the two groups becomes non-Significant (p=0.81). Of great concern was the emergence of 

rifamycin monoresistance in 4/30 HIV positive patients who were initially randomised to receive 

rifapentine. This led to the decision not to inClude any further HIV positive subjects. The 
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shorter halNife of isoniazid'essentially results in rifapentinemonotherapy for siX ofseven days 

and this. could, be a major contributing factor .. Nonetheless this extensive study proved~ that the 

once-weekly regimen of INH-RPT jn the continuation phase is effective in HIV .negative patients 

that do not present with pulmonary cavitation or positive culture at two months. 

These clinical studies focus on the effectiveness of rifapentine as part of an appropriate drug 

regimen for the treatment of tuberculosis disease but did not investigate the pharmacokinetic 

characteristics. These pharmacokinetic characteristics are important to try and understand if 

the difference in treatment outcomes become the rifapentineand rifampicin based treatment is 

related solely to serum levels or if other factors that influence exposure are at play (e.g. 

increased pharmacokinetic variability). As a result there is a paucity of published data 

regarding the plasma levels ·of rifapentine as well as the levels of variability in this target 

population. 

1.2.4 Classical versus the population pharmacokinetic approach 

The traditional method of analysing pharmacokinetic data uses the two-stage approach where 

frequent sampling in a small, homogenous group of individuals produces a rich data set 

(Aarons L, 1992; FDA, 1999). The first stage involves calculation of individual pharmacokinetic 

parameters by nonlinear regreSSion of concentration time-data followed by the calculation of 

descriptive statistiCS, typically means and coefficients of variation, during stage two. 

Incorporation of relationships between parameters and subgroups bound by a common 

covariate can also be included during the second stage (FDA, 1999). This method has been 

employed in all cases for the analysis of data from healthy volunteer studies with rifapentine. 

The major drawback is that study conditions are often artificial and subjects studied are rigidly 

standardised and homogenous and are not representative of the target population. 

Population PK offers a more robust and efficient technique because all individuals in the 

experimental data set are analysed simultaneously (Sheiner and Ludden, 1992), and more 

complex models can be applied because information is shared amongst individuals. A further 

advantage is the application of the same model to all individuals which enables parameter 

estimates and profiles· to be calculated in those individuals for which only sparse data is 

available (Friberg L., 2003). 
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The population modelling approach involves the application of nonlinear mixed effect models to 

repeated measurements data from a group of people to quantify the variability in drug 

absorption, distribution, metabolism and excretion. It further aims to describe the variability in 

terms of genetic, environmental and pathophysiological patient factors (Steimer J.-L., 1992; 

Perez-Urizar et al, 2000). These population models can allow better understanding of the 

underlying physiology and can enhance the search for the optimal dose, serum drug level, or 

'Observed effect (Friberg L., 2003). 

One of the main aims however of population PK analysis is the quantification and description of 

the relationship between parameters defined by the model and patient-specific characteristics 

(covariates). The 'parameter-covariate relationship can explainl to a degree, the variability of -an 

individual from the population mean, but more .importantly can identify subgroups that are at 

risk of subtherapeutic or toxic serum drug levels. This subgroup may then in tum benefit from 

therapeutic drug monitoring (TDM) and consequent dosage adjustment to provide optimal 

therapy with minimum toxiCity. 

1.3 MOTlVA TION FOR STUDY 

1.3.1 Brief summary 

The benefit of full supervision to aid adherence to treatment for tuberculosis was recognised as 

early as 1958 (Fox W., 1958). Full supervisionl or more recently directly observed- treatmentl 

could be more effiCient if drug dosing was intermittent (Mjtchison D.A~I 1998). Earlier studies 

combining INH and RIF in an intermittent regimen showed positive results with an increased 

dose of RIF (900 mg) (Singapore Tuberculosis Service/British Medical Research Council, 1975). 

The down side was the emergence of an immunological type of toxicity or flu-like syndrome 

which was related to RIF. In view of this further development -ofrifapentine was discussed and 

in 1986 the go ahead was given for phase II/III tria/51 nearly ten years after the original 

patents were taken (Mitchison D.A'I 1998). At this stage the optimal dose of rifapentine was 

unknown but the view was that a 600 mg dose would provide a 100-fold margin between the 

MIC of M. tuberculosis (0.2 mg/L) and blood concentrations. Merrel Dow Lepetit were having 

difficulties in producing a formulation with reproducible bioavailability and a decision was made 

in 1990 to stop production. For that reason the first trials investigating the efficacy of once

weekly regimens of INH and RPT in the continuation phase were conducted in Hong Kong 
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using rifapentine of Chinese manufacture (Mitchison D.A.[ 1998). As we have seen the 

bioavailability of that formulation was also not reproducible (Tam et al.[ 1997). The dose was 

increased from 600 mg to 750 mg to overcome this but only for the last 38% of patients 

enrolled. The inferior preparation combined with ·a possible sub-effective dose could have 

accounted for the poor performance of rifapentine (Mitchison D.A.[ 1998). No doubt the high 

protein-binding properties of rifapentine also played a role with only 2% of drug being 

unbound (Reithet al.[ 1998) and able to circulate and sterilise within the lesions (Tam et aI., 

1998). So to date the results of clinical studies using rifapentine in an intermittent regimen 

have not been as promising as expected. Despite this though the advantages that rifapentine 

holds over rifampicin with regard to less frequent dosing is clear to see. Secondly the increased 

absorption after a meal may help to overcome nausea commonly associated with concomitant 

intake of pyrazinamide. 

Furthermore rifampidn has been. shown to have significant variability between individuals and 

also possibly between occasions. The studies thus far on patients receiving proven bioavailable 

preparations of rifapentine do not comment on the respective plasma levels but have 

concentrated on the specific outcomes. As a result little is known as to the magnitude of 

variability in plasma levels amongst patients receiving rifapentine. This degree of variability 

may prove to be important as rifapentine continues to be investigated as an alternative to 

rifampicin. 

1.3.2 Aim 

To describe the pharmacokinetics of rifapentineina South African pulmonary tuberculosis 

patient population with special reference to variability in serum drug levels between patients 

and between occasions. 

1.3.3 Research Questions 

1. 	 What are the peak serum drug· levels of rifapentine in a South African tuberculosis· 

patient population? 

2. 	 What is the degree of variability in serum drug levels between individuals and between 

occasions? 
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3. How does this compare to the degree of variability observed in a healthy volunteer 

patient population? 

4. 	 What are the factors that contribute to the variability? 

1.3.4 Objectives 

1. 	 Obtain full pharmacokinetic profiles of patients receiving rifapentine on two occasions 

2. 	 Develop and validate a high pressure liquid chromatography assay for the estimation of 

plasma concentrations of rifapentineand 25-desacetyl rifapentine 

3. 	 Describe plasma levels of rifapentine. and the desacetyl metabolite using traditional 

pharmacokineticanalysis 

4. 	 Develop a multi-compartmental model to describe the pharmacokinetics of rifapentine 

5. 	 Develop a multi-compartmental model to describe the pharmacokinetics of 25-desacetyl 

rifapentine 

6. 	 Characterise the degree of interindividual variability in rrrapentine and 25-desacetyl 

rifapentine serum levels present in a patient population 

7. 	 Compare the degree of variability in patient levels to the variability observed iii healthy 

volunteers for both the parent drug 

8. 	 Identify potential factorsinfluendng variation and quantify and describe their role 
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HPLC Assay: Introduction 

2.1 INTRODUCTION 

Earlier pharmacokinetic studies of rifapentine made use of microbiological assay techniques to 

measure the concentrations of rifapentine in biological samples (Birmingham -et aI., 1978; Arioli 

et aI., 1981). These microbiological assays used Petri dishes filled with antibiotic medium 

inoculated with 0.5% Sarcina lutea ATCC9341. Three standard concentration- solutions (0.1, 

0.2, 0.4 mg/L) were placed ·in wells made in the dishes 'and incubated ovemightat 3rC. The 

diameter of the inhibition zones from the well were then measured to the nearest 0.1 mm and 

plotted against the known concentrations. Rifapentine content was measured by linear 

regression analysis of the standard curve (Riva et aI., 1991). A similar microbiological method 

is described by Kenny et at. (1997) although Bacillus subtilis was used as the test organism. 

These methods for measuring rifapentine concentrations while accurate and reproducible, are 

labour intensive and time consuming. A further disadvantage is the inability of the assay to 

differentiate between the parent compound and active metabolite. The demand for the 

establishment of a simple, sensitive and efficient assay grew with the increasing number of 

pharmacokinetic studies involving rifapentine. As a result five different high-pressure liquid 

chromatography (HPLC) assays have been published since 1990. The extraction procedures 

and chromatographic conditions are summarised Table 2.1 

Table 2.1 Published methods for the quantification of rifapentine in biological samples 

Reference RPT" DRPT* 
Extraction procedure 

Method Solvent Time§ 

Chromatography 

Mobile Phase Runtime 

Riva etal. ../ ../ Rltration: 

Direct 

Injection 

- , -
I 

I 
MES*-acetonitrile (pH 

6.5): MES

tetrahydrofuran 

34 min 

Lee eta!. ../ - Direct - - Acetonitrile 25 min 

injection tetrahydrofuran-o.05 M 

He eta!. ../ IUquid-liquid- Ethyl 115 min 

KH2P04 (pH 7.0) 

0.01 M NaH2P04(pH 8 min 

Reith et al. ../ 
I 

./ ! Liquid-liquid 

acetate 

Methanol 20 min 

S.5)-methanol 

Methanol-acetonitrile 5 min 

Panchagnula et 

at. 

../ I UQ~d·IiQu;d- Methanol 75 min 

i 

water 

0.01 M NaH2P04 (pH 

5.2)-methanol 

17 min 

~ RPT - nfapentme, :j: dRPT - 2S-desacetyl nfapentlne, § tune to process 10 samples, * MES 

morpholinoethanesulphonic acid 
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The HPLC assay methods described by Riva et at (1991) and Lee et al. (1992) share the 

common advantage of no extraction procedure. The former only incorporates the filtration of 

the plasma sample -through a -OA5Ilm acetate membrane. This filtration step may become 

tedious if large numbers of samples with small volumes are to be assayed. The latter method 

requires a three-step on-line sample clean-up using a column-switching technique that may run 

up to 25 minutes per sample. The first step (0-5 min) requires a dilute serum sample to be 

injected onto a Ci8 precolumn that retains the drug while polar serum components are washed 

to waste. Step two (6-9 min) elutes the retained components from the precolumn through the 

C8 guard column. Eluted drugs are then separated on the C18 analytical column during step 

three (10-25 min). Although both these methods save on labour intensity by not requiring 

extraction procedures, the extended run times limit the throughput to a maximum of two 

samples per hour which is not ideal. The chromatographic section of the assay method 

employed by He and colleagues (1996) utilises a simple isocratic mobile phase that elutes and 

separates rifapentine from the desacetyl metabolite in under 8 minutes. This however is 

negated by the lengthy and complex extraction procedure. Eight steps, including as minute 

vortex-mix per sample, adds up to a total of approximately 115 minutes per batch of 10 

samples. Substituting the vortex mixing for shaking could dramatically reduce the extraction 

time allowing multiple samples to be mixed over a 5 minute period although this possibility was 

not addressed by the authors. Panchagnula et al. (1999) used rifapentine as an internal 

standard when developing a HPLC assay for the structural analogue rifampicin. The method 

required a methanol liquid~liquid extraction with the drying down of the supernatant following 

centrifugation. The dried sample was reconstituted in mobile phase and injected onto the 

analytical column. A similar method developed and validated by Hoechst Marion Roussel, Inc. 

(Kansas City, Mo.) was first employed by Reith et at. (1998) and then later by Keung et al. 

(1999) and Conte et al. (2000). Plasma proteins were precipitated by the addition of methanol 

directly into the autosampler vial. After samples were mixed and centrifuged the supernatant 

was inject directly onto the analytical column by programming the depth of the auto-injection 

needle to aVOid the protein pellet. Because of the short run time and the ability to process 

large numbers of samples in a short period of time attempts were made to reproduce this 

method. Unfortunately efforts were hampered by the interference of serum components and 

could not be overcome. As a result a new assay for the quantification of rifapentineand its 

desacetyl metabolite was developed and validated. 
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2.2 MATERIALS AND EXPERIMENTAL METHODS 

2.2.1 Reagents 

Rifapentine (RPT) and 25-desacetyl rifapentine (DRPT) were obtained courtesy of Aventis 

Pharmaceuticals Inc. (Bridgewater, NJ, USA) and were stored at -4°C under desiccation. 

Methanol (Scharlau, Barcelona, Spain) and acetonitrile {Bur-dicK and Jackson, MI, USA) were 

HPLC grade. All water used was prepared using Millipore ion exchange and filtration apparatus 

(Millipore, MA, USA). Trifluoroacetic acid (TFA) was obtained from Riedel-de Haen, South Africa 

(SA). Chromic acid was made by dissolving 25 g of potassium dichromate (Merck, SA) in SOOml 

of concentrated sulphuriC add (Merck, SA) and was used to rid glassware surfaces of any 

protein contaminants prior to use. 

2.2.2 Analytical instruments 

The development, validation and analyses were performed using a Spectra Physics HPlC 

system consisting of two high-pressure solvent delivery pumps (SP8800 Ternary), a UV-Vis 

detector (SP84S0), an autosampler (SP8450) and an integrator (SP4290). The analytical 

column used was a reversed phase Supelco Discovery C8 silica based column (15 cm x 4.6 cm, 

5 jJm) preceded by a guard column packed with pellicular Perisorb C8 material (30 - 40 jJ). 

Solid- phase extraction cartridges (Oasis Bond Elut 3ml, SOOmg) were purchased from Anatech 

(SA). Other instruments used included a Heraeus Centrivac and Biofuge-13, a Sartorius 

analytical scale and Eppendorf pipettes. 

2.2.3 Mobile phase 

The final optimised mobile phase composition was acetonitrile TFA (0.1% solution) (50:50, 

v/v). Elution was performed at room temperature at a flow-rate of 2 m\fmin and resulted in 

well resolved peaks for parent drug and metabolite. The TFA solution was filtered and 

degassed by passing it through Millipore 0.45jJm HAWP fitters (Millipore, MA, USA). Mobile 

phase solutions were further degassed by continually bubbling helium through the solutions 

during chromatography. Peaks for RPT and DRPT were detected and resolved by UVabsorption 

at 270 nm and an integrator attenuation of 4 over a 5 minute run time. 
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2.3.3 Calibration and quality control sample preparation 

Standard solutions of RPT and DRPT were prepared by accurately weighing 5 mg of each and 

dissolving separately in 5 ml of methanol. These solutions were then further diluted with 

distilled deionised water to give working solutions of 10001 1001 and 10 mg/L. Calibration 

standard samples were prepared by spiking 15 ml blank plasma pools with the appropriate 

amounts RPTand DRPT to yield seven-point standard· curves in thetoncentration range 0.6 

30 mg/L for RPT and 0.25 - 20 mg/L for DRPT. calibration concentration ranges for the parent 

drug and metabolite were selected on the basis of their expected concentration levels over the 

study period. Volumes of 50 ml of blank plasma were spiked with appropriate amounts of RPT 

and DRPT to obtain quaUty control samples containing 251 101 and 1.5 mg/L for RPT and 171 

7.51 and 1 mg/L for DRPT. Calibration and quality control samples were divided into aliquotsof 

600 IJI into tightly capped vials and frozen at -80DC to be thawed as needed at room 

temperature. Control blank serum samples were also spiked with concentrations of isoniazid, 

pyrazinamide, ethambutol, rifampicinl para-amino salicylic aCid, ethionamide, kanamycinl 

amikadn, thiacetazonel Gaffeine,paracetamol, pseudoephedrine and ibuprofen to check for 

interference. All stock solutions underwent one freeze-thaw cycle before analysis. 

2.3.4 Sample handling and preparation ofpatient plasma samples 

Patient's blood samples were collected into plastic tubes containing lithium-heparin and 

centrifuged at 3000 rpm for 10 minute and the plasma separated. The plasma was transferred 

to 2.5 ml polypropylene vials and kept frozen at -80DC until analysis. 

2.3.5 Solid-phase extraction procedure 

To determine the optimal plasma volume needed for extraction, ·different volumes of plasma 

(100-500 IJI) were tested and 500 lJl was found to yield the best extraction effidency for the 

concentration ranges used. Samples were prepared as detailed above and extracted using 

OasiS Bond Elut C18 cartridges (3m I, 500mg) with an Analytichem extraction vacuum manifold 

as follows: 

1. 	 Pre-wash: 3 ml of methanol preceded and followed by 3 ml of distilled deionised 

water. 
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2~ 	 Load: 500 1-11 plasma sample. Allow to stand and bind to the cartridge matrix for 10 

minutes. 

3. 	. Rinse: 6 ml disti1lled dei9nised water pulled through to waste. 
\ 

4. 	 Elute: load the following volume of solvents and allow to stand for two minutes before 

pulling through into autosampler vial: 	 a) 200 jJl methanol 


b) 200 IJI methanol 


c) 100 iJl methanol 


d) 200 jJ acetonitrile. 


5. 	 Injection: briefly vortex eluent and inject 60 IJI into the chromatographic system for 
, \ 

quantification. 	 'I \ " 
\ \ 

2.3.6 Assay validation 

Two standard curves were run on each of the three validation days. The· slope, intercept and 

correlation coefficient were determined by linear regression (Prism 4, GraphPad Software, USA) 

of the area under the peak against concentration. Five replicates of each of the high, medium 

and low quality control samples were analysed on each of the validation days (n=5 at each 

concentration) to determine the inter- and intraday predsion as well as the accuracy. The 

concentrations used for quality control analysis of RPT were 25 mg/L (high), 10 mg/L 

(medium) and 1.5 mg/L (low) and for DRPT 17 mg/L (high)# 7.5 mg/L (medium)and 1.0 mg/L 

(low), Precision was expressed as the coeffident of variation (%CV). Accuracy was calculated 

by transforming the observed areas under the peak for the quality control samples according to 

the linear regression equation; y = mx + c where m is the slope of the regression line and c is 

the intercept value. This resulted in predicted concentrations for the high, medium and fow 

quality control samples from the standard curve. These predicted values where in turn divided 

by the true concentration values and expressed as a percentage nominal concentration. It is 

recommended that the preciSion and accuracy determined at each concentration level should 

not exceed 15% (Bioanalytical Method Validation, FDA, 2001). The extraction effiCiency was 

calculated by dividing the area under the peak of the extracted analyte by the area under the 

peak fof the unextracted standard over the concentration range. Means and standard 

variations of the quality control samples were compared on days 1, 2,5,10, 15, 20, and 25 to 

check stability of the analytes over the 28-day analysis period. 
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2.3 RESULTS AND DISCUSSION 

Figure 2.1a shows that the pareAt drug (RPT) ,is clearly separated from the ·desacetyl 

metabolite (ORPT) with retention times in the region of 5.30 min and 3.10 min respectively. 

The peaks obtained were homogenous, well separated and sharp. Figure 2.1b shows the .., 
extracted blank plasma used for the preparation of calibration and quality control samples. The 

chromatQgramshows no interferences at the retention times of RPT and ORPT with the 

majority of plasma artefacts eluting out during the first 1.8 minutes. None of the additional 

agents tested for interference with the peaks of interest were detected with this assay method. 

Figure 2.1c shows the extracted plasma of a patient 4 hours after receiving doses of rifapentine 

(900 mg), isoniazid (300 mg), pyrazinamide (1500 mg) and ethambutol (1000 mg). 

".A 

a) b) c) 

Figure 2.1 a) Unextracted standard in mobile phase b) Extracted blank plasma sample c) Extracted 

patient sample 4 hours post-dose 

The extracted plasma calibration curve was linear across the concentration range for RPT (0.6 

- 30 mg/L) and ORPT (0.25 - 20 mg/L) (Fig 2.2), Correlation coeffiCients were 0.9894 (n=6) 

for the parent drug and 0.9692 (n=6) for the metabolite. The limit of quantitation was 0.6 

mg/L for rifapentine and 0.25 mg/L for 25-desacetyl rifapentine. 
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Figure 2.2 Linear regression curves for rifapentine and 25-desacetyl rifapentine from extracted plasma 

The values obtained during validation for precision and accuracy are summarised in Table 2.2 

and graphically presented in Fig 2.3 - 2.4. All values for precision were within the 

recommended limits and all those for accuracy except the medium quality control sample for 

the metabolite. The predicted value from the area under the peak was only 50% of the true 

value and this discrepancy was thought to be due to an error during sample preparation. Both 

the parent and metabolite concentrations are determined simultaneously. Since the precision of 

the desacetyl metabolite control sample was good and the accuracy of the parent drug (in the 

same sample) was within the recommended limits, it was decided not to revalidate the assay. 

The medium quality control sample for rifapentine would therefore serve as control for both 

the parent and metabolite. 

Table 2.2 Inter- and intraday precision and accuracy for rifapentine and desacetyl-rifapentine 

Rifapentine 25-Desacetyl rifapentine
Concentration Concentration 

Precision Accuracy Precision Accuracy
(mg/L) (mg/L)

Mean± SD OfoCV MRE* Mean ±SD OfoCV MRE* 

Intraday 

1.S 1.S2 ± 0.07 4.43 

10 9.70 ± 0.30 3.09 

25 27.25 ± 0.77 2.84 

Interday 

1.5 1.37 ± 0.04 2.92 

10 9.98 ± 0.81 8 .11 

25 28.8 ± 1.80 6.25 

Intraday 

-7.3 1.0 

-4.2 7.5 

7.2 17 

Interday 

-12.8 1.0 

-5 .3 7.5 

13.4 17 

0 .98 ± 0.05 
I 

5.27 -6.0 

4.58 ± 0.30 6.51 -41.6 

16.S6 ± 0.74 4.46 12.0 

1.05 ± 0.09 8.77 -9.3 

3.77 ± 0.36 9.69 -52.0 

18.59 ± 1.18 6.34 -8.7 
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* Mean relative errors - percentage difference between the true and predicted concentration value 

%CV - coefficient of variation 

Precision of Rifapentine High QC Precision of Rifapentine Medium QC 
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Figure 2.3 Graphical presentations of precision and accuracy for rifapentine over the 3-day validation. 


Dotted line represents ±15% recommended limits. 


*QC - quality control 
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Figure 2.4 Graphical presentations of precision and accuracy for 25-desacetyl rifapentine over the 3-day 

validation. Dotted line represents ±15% recommended limits. 

Recovery of rifapentine ranged between 94.4% and 102.1% and for 2S-desacetyl rifapentine 

between 83.9% and 93.4%. No significant change was seen in the mean area under the peak 

values of the quality control samples over the 28 day sample analysis period confirming 

stability of the analytes at -80aC. 

Rifapentine Stability over Analysis Period Desacetyl Rifapentine Stability over Analysis Period 
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Figure 2.5 Stability of quality control sample (high) over the sample analysis period. Dotted line 

indicates ±10% of the mean area under the peak value. 
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2.4 CONCLUSIONS 

Of the number of chromatographic methods reported for the estimation of rifapentine and 25

desacetyl rifapentine in plasma all, apart from the method developed by Hoechst Marion 

Roussel, suffer from limitations such as low throughput, lengthy and complex extraction 

procedures, or complex mobile phase compositions. The main advantages of the assay we 

have developed and validated are the simplicity (5 step extraction), efficiency (5 minute run 

time), sensitivity (0.6 mg/L for RPT and 0.25 mg/L for DRPT) and reproducibility « 15% OJ). 

The method is suitable for the quantification of parent and metabolite in plasma with 

concomitant intake of other frontline antimycobacterial agents (INH, PZA and ETH). Further 

advantages of this method include a simple mobile phase composition, single wavelength 

detection (270 nm), and fast extraction procedure (20 minutes per 10 samples). This combined 

with the short run time allows for a cost-effective high-throughput analysis (>10 samples/hour) 

which was of particular benefit to this pharmacokinetic study which required extensive blood 

sampling in a large number of patients. 
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3.5 METHOD SUMMARY 


Method name Rifapentine and 25-desacetyl rifapentine in human plasma 

Column Supelco Discovery C8 silica based column (15 cm x 4.6 cm, 5 11m) 

Column Temperature Room 

Mobile Phase Acetonitrile - TFA (0.1% solution) (50:50 v/v) 

Injection volume 60 111 (200 111 partial loop) 

Flow Rate 2 ml/min 

Detection wavelength 270 nm 

AUFS (sensitivity) 0.02 

Attenuation 4 

Reference standard Rifapentine 25-<:lesacetyl rifapentine 

Reference standard supplier Aventis Pharmaceuticals Inc. Aventis Pharmaceuticals Inc. 

Reference Standard Product Nr. fl.1DL 473-069 fl.1DL 27-718 

Storage Location -20°C dessicator -20°C dessicator 

Typical retention time 5.30 min 3.20 min 

Concentration curve range 0.6 mg/L - 30 mg/L 0.25 mg/L - 20 mg/L 

Limit of quantisation 0.6 mg/L 0.25 mg/L 

Quality Control Concentrations: 

High 25 mg/L 17 mg/L 

Med 10 mg/L 7.5 mg/L 

Low 1.5 mg/L 1.0 mg/L 

Extraction Method type Solid phase extraction 

Volume of sample applied 50011,1 

Dilution factor l.4x (elute with 700 111 solvent) 

System suitability: Test and FDA Recommended Limits 

ANALYTE Rifapentine Desacetyl-R FDA Limits 

Capacity Factor 7.67 5.71 >2 

Selectivity 0.56 

Resolution 5.71 >2 

Theoretical Plate number 2044 2844 > 2000 

Tailing factor 0.96 1.0 <2 
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Chapter 3 


, RIFAPENTINE NONCOMPARTMENTAL 

PHARMACOKINETICS 




NCA Analysis: Introduction 

3.1 Introduction 

Rifapentine is approved by the Food and Drug Administration for the treatment of non-HIV 

infected tuberculosis patients in the United States but is not yet registered for use in South 

Africa. In the intensive phase of treatment rifapentine has been shown to be as effective as 

rifampicin when measured by sputum conversion at two months (Aventis, 2000). However, 

when administered once a week together with isoniazid in the continuation phase of treatment 

an unacceptable rate of relapse is evident (Benator et aI., 2002; Tam et aI., 2002i Tam et aI., 

2000; Vernon et aI., 1999; Tam etaI., 1998). 

There is little published information available describing the pharmacokinetics ofrifapentine in 

tuberculosis patients. As a result, little is known regarding the variability in plasma levels 

amongst patients receiving the drug. The magnitude of variability is of iinportance because 

with increased variability the safety of the drug may become compromised, and the likelihood 

of subtherapeutic drug levels is also increased. This phenomenon can be seen with rifampicin, 

where several studies have reported low levels in tuberculosis patients (Peloquin et al, 1996; 

Choudhri et aI., 1997; Kimerling etaI., 1998). A recent study by Mdlleron et al(2002) amongst 

tuberculosis patients demonstrated a high degree of variability existed in the pharmacokinetic 

measures of rifampicin, and many in the study demonstrated 'subtherapeutic' levels. Such low 

levels may lead to a delayed or incomplete response to treatment, and the selection for drug 

resistant strains. 

3.2 Scope of Noncompartmentat Data Analysis 

ThiS chapter aims to describe the pharmacokinetics of two consecutive doses of rifapentine. 

equivalent to 15 mgjkg in pulmonary tuberculosis patients and investigate whether the.values 

of the PK measures obtained are reproducible between individuals and between occasions. 

Descriptive statistics from patient data will also be compared to data from healthy volunteers. 
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3.3· Patient Study design and outl.ine 

A prospective cohort pharmacoklnetic 'Study was carried out by the Tuberculosis Unit of the 

Department of Pharmacology, University of cape Town. 

Our method required that subjects who had been on a multiple drug regimen including 

rifampicin have a single 600mg rifampicin dose replaced with a 15 mg/kg dose of rifapentine 

on the day of the study and have multiple venous blood samples drawn at fixed times. The 

patients then received their standard tuberculosis treatment minus rifampicin for the next three 

days. On day four they would be required to repeat the procedure and allow for sampling on a 

second occasion. 

3.3.1 Selection of subjects 

Patients, who had been receiving daily antimycobacterial treatment containing rifampicin for a 

period of not less than 4 weeks and not more than 6 weeks, were recruited from DP Marais 

Hospital, Cape Town, South Africa. This allowed for the assumption that the patients' hepatic 

enzymes were .maximally induced and that their overall health had improved to a stable level. 

A group of 46 patients were recruited over an eighteen-week period. The study protocol was 

discussed with them at least· three weeks after they had been diagnosed with pulmonary 

tuberculosis and had started taking their antimycobacterial therapy. 

3.3.1.1 Inclusion criteria 

Patients meeting all of the following criteria were considered for admission to the study: 

• 	 Diagnosis of pulmonary tuberculosis 

• 	 Receiving antimycobacterial therapy (including rifampicin) for not less than 4 weeks and 

no more than 6 weeks 

• 	 Between is and 65 years of age 

• 	 Given written informed consent to participate in the study. 

Informed consent was obtained for all subjects before enrolment in the study. 
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3.3.1.2 Exclusion criteria 

• 	 History of hypersensitivity to any rifamycin antibiotics 

• 	 Known resistance to rifampicin prior to study initiation 

• 	 Contraindication to multiple blood sampling, e.g. mental confusion or poor venous 

access 

• 	 Blood donation of more than SOOml during the previous month 

• 	 Mental capacity limited to the extent that the subject could not provide legal consent or 

understand 1nf{)rmat~on -regarding -the -side €ffects ·ortoleranceof the study -drug 

• 	 Subject -unlikely to comply with protocol, e.g. uncooperative attitude 

No subject was allowed to enrol in the-study more than once. 

3.3.2 Study treatments 

INN: Rifapentine 

Trade Name: Priftin® 

Dosage form: 150mg film coated tablet 

Dose: 28-35kg 450mg 

36-45kg 600mg 

46-5Skg 750mg 

>56kg 900mg 

Batch: A0002 Exp 31/07/2002 

Route: Oral 

Duration of treatment: Single dose 

At each of .the two treatment periods each subject received a single .dose .of Priftin® after 

ingestion of a low fat, .high fluid content breakfast. The breakfast was prepared by simply 

dissolving a brand name instant packet soup in boiling water and administering it to the 

patients after it was allowed to cool slightly~ 

3.3.3 Dosage schedule 

Each subject received two treatment doses, 3 days apart. After an overnight fast, subjects ate 

a standardised soup-based meal on the day of drug administration. A single dose of Priftin@ 
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was swallowed with ::HOOml of water 30 minutes later under direct supervision of a study 

investigator. 

Details of the exact dose and time of medication were documented in the case report form. 

3.3.4 Study procedure and schedule 

3.3.4.1 Data collection 

During screening the study procedure was explained and informed consent sought. Once 

consent was obtained medical history was gleaned from patient folders and documented in the 

case record form. 

3.3.4.2 Description of study days 

The following tests and examinations were carried out on the first study day: 

• 	 Haematological status (haemoglobin, haematocrit, red blood cell count, white blood cell 

count, differential count and platelet count) 

• 	 Blood chemistry (alanine transaminase, aspartate aminotransferase, alkaline 

phosphatase, total bilirubin, total protein, albumin) 

• 	 HIV test 

Pre-test counselling which induded information regarding the HI virus/AIDS, ways of 

spreading, risk factors and consequences was provided verbally by a trained counsellor on the 

day or prior to the first sampling occasion. Patients were informed of their Hlv status at the 

end of the second sampling occasion (study day eight), by a trained professional. For 

individuals testing positive, follow-up was made available. 

On the morning of the first evaluation day subjects had the study schedule explained to them 

by the investigator. The subjects received the soup-based breakfast at ±07h30. Subjects 

consumed the whole breakfast and then received the test drug 30 minutes after beginning 

their breakfast. 
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BI.ood ~rnples (8ml) for the determination of the plasma concentration-time profiles of 

rifapentine and its primary metabolite 2S-desacetyl. rifapentine were collected via an indwelling 

cannula into lithium-heparin coated tubes at the following times: 

• 60 to 15 minutes prior to-drug administration 

• 2.0 hours post-drug administration 

• 3.0 hours post-drug administration 


-4.0 hours post-drug administration 


• 5.0 hours post-drug administration 

• 6.0 hours post-drug administration 

• hours post-drugadministration 

• 24.0 hourspost-drug administration 

• 48.0 hours post-clrug administration 

• 72.0 hours post-drug administration 

3.3.4.3 Methods of evaluation 

Between blood sample collection and centrifugation, tubes were kept on crushed ice. The blood 

samples were centrifuged at 3000 rpm for 10 minutes within 1 hour of collection. After being 

transferred into dry polypropylene t-ubes samples were frozen on dry ice and tater stored at

BOD( out of light until assay. 

Haematology, blood chemistry, and urinalysis were carried out according to standard operating 

procedures by Chemical Pathology and Haematology Laboratory of the University of cape 

Town. 

3.3.5 Approval ofstudy protocol 

Before the start of the st-udy, the studypr-otocol,informedconsent document, and any other 

appropriate documents were submitted to the Medicines Control Council (MCq, the Ethics 

Committee (Eq of the University of cape Town, and the EthiCS Committee of DP Marais 

Hospital (ECDP) for approval. The study commenced only once written approval had been 

granted from all three bodies. 
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The full study protocol, patient information leaflet and consent form are attached as 

Appendices 1-3. 

3.4 Healthy Volunteer Study Outline 

32 healthy, non-smoking male volunteers aged between 18 and 46 and weighing an average of 

74 kg (56-110 kg) were enrolled into an earlier cross-over study conducted by the Division of 

Pharmacology, University of cape Town (1999) and will serve as a comparison group. The 

study design is briefly described. After an overnight fast subjects were randomized to receive 

their drugs on" an empty stomach or with one of the following meals: 1) English breakfast 2) 

high-fluid content meal 3) high-bulk meal 4) high-bulk high-fat meal. Each subject received 

900 mg of rifapentine 30 minutes after finishing their meal, together with 200 ml of water. 

Blood samples were drawn at 0, 2, 3, 4, 5, 6, 7, 8, 10, 12, 14, 24, 36, and 72 hours post-dose. 

Patients refrained from exercise, alcohol and caffeine consumption prior to and during the 

study period. No concomitant. medication was allowed. Only data from the soup-based meal 

subgroup will be presented here. 

3.5 Statistical and Pharmacokinetic Analysis 

WinNonlinversion 4;01 (Pharsight Corporation, CA, USA) was used to derive pharmacokinetic 

parameters from concentration·timedata by non-compartmental methods. Missing samples 

and samples more than 10% below the limit of quantitation were excluded from the data set. 

Cmax was defined as the maximal observed concentration and T max as the time to reach this 

concentration. Both were determined directly from the plasma concentration-time profiles for 

both parent and metabolite. The elimination half-life (T1/.;) was calculated by dividing 0.693 by 

elimination rate constant (Az). The linear trapezoidal rule was applied to calculate the area 

under the concentration-time curve (AUC) from 0 to 72 hours. Absolute bioavailability of 

rifapentine has not been determined and thus all PK parameters and derived parameters were 

estimated assuming 100% bioavailability (F = 1). Volume of distribution (V/F) was calculated 

by dividing the dose by the product of the AUC and Az• Descriptive statistics (median, 25th and 

7stt' percentile, range) were calculated for pharmacokinetic measures within each group using 

Prism version 4."01 (GraphPad Software,CA, USA). To allow for a graphical comparison 

between patient data and healthy volunteer data,individual values from each data group - 1) 

patient PK values: occasion one 2) patient PK values: occasion two 3) healthy volunteer 
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p~rameter values - were transformed to a nominal percentage scale by dividing the true value 

by the median parameter value for that specific data group and multiplying by a 100 to obtain 

a transformed value. Interquartileranges (25th and 7sthpercentile) for the transformed tlata 

were calculated for all three data groups. The distribution of. the pharmacokinetic measures 

was non-normal, and the two-sided Wilcoxon Rank Sum Test was used to determine 

differences amongst groups. A p-value of <0.005 was regarded as significant. 

3.6 Results 

In the patient subset one patient was withdrawn priOr to commencement of the study due to 

poor venous access. Blood samples. were collected from a to 72 hours in 41 tuberculosis 

patients on both occasions and from 0 to 8 hours in four patients on both occasions. Three 

patients - out of the cohort of 45 - were withdrawn after occasion one. The first due to an 

adverse reaction (rash), the second due to poor venous access, and the third subject was 

unavailable for the second dosing occasion. Patient and healthy volunteer demographic 

characteristics are listed in Table 3.1. 

The dose of 15 mg/kg was well tolerated by the patient cohort. Reported adverse events 

included nausea (n=2), stomach cramps (n=2), vomiting (n=l), light-headedness (n=l), 

increased appetite (n=5) and rash (n=l). All adverse events were folJowed-:up immediately by 

the on-Site physician after they were reported by the patient. In the cases where nausea 

(n=2), vomiting (n=l) and stomach cramps (n=2) were reported the symptoms resolved 

spontaneously and did not require further follow-up. For the subject who presented with a rash 

(n=l), treatment was withdrawn and the subject was followed-up for one month after the 

initial reporting of the adverse event. The rash did not resolve following withdrawal of study 

medication and the one-site physician was of the opinion that the adverse event was more 

likely linked to one of the concomitant medications. 

The median pharmacokinetic measures of the patient study and healthy volunteer study are 

summarized in Table 3.2. The healthy volunteers showed significantly higher Cmax and AUC 

values than the patients although direct comparisons are difficult because of differing dosing 

regimens and the lack of prior dosing with. rifampicin in the healthy volunteer group. The 

differences in variability, as represented by the transformed 25th and 75th percentile ranges, for 

both patient and healthy volunteer data are presented in Figure 3.1. In the majority of PK 
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measures, the patient data either demonstrates a narrower or equal quartile range to those 

found in the healthy cohort. 

The median peak plasma concentrations cif dfapentine were similar on occas'ions 1 and 2 

(15.19 and 15.56 mg/L respectively) in the patient study. Times to reach these peak 

concentrations were also similar. This is further illustrated in Figure 3.2, which shows almost 

identical concentration-time profiles for each occasion. In fact the only significant 

interoccasional difference was observed with the elimination half-life, which increased on 

occasion 2. This increase is clearly observed in Figure 3.6 where the majority of patients 

showed a positive increase from occaSion one to occasion two. Further interoccasional 

differences in pharmacokinetic measures between individuals for the patient cohort are 

presented in Figures 3.4 - 3.8. Mean interoccasional variation for the individual PK measures 

wereCmalcI7%, AUC-18%, elimination hatf-iife-16%, CL/F-22% and VfF-24%. Four patients 

had greatly inflated interoccasional differences in their pharmacokinetic measures. The first 

was patient number 1 whose elimination half-life increased by 72%. The V/F in this patient 

increased by 45% and this coupled with the decrease in CL/F (15%) resulted in the much 

extended half-life. The second was patient number 7 whose Cmax value was 2.5 fold higher on 

occasion two. Unfortunately data for this patient was only available up to 8 hours post-dose 

and no conclusions regarding the interoccasional differences in the other parameters could be 

made. Patients 32 and 33 both had large differences in CL/F and V/F values and the individual 

data plots of these patients are presented on a logarithmic scale in Figures 3.9 - 3.10. The 

AUC and elimination-rate constant in patient number 32 were reduced by 24% and 34% 

respectively. This combined reduction-led to the increase in VIF in excess of 70%. The product 

of the reduction in elimination-rate constant and increase in V/F would naturally reduce the 

CL/F to the value of 30% which we see in Figure 3.8. This situation is also evident with patient 

33 although the extent of the decrease in AUC and elimination-rate constant (63% and 38% 

respectively) are much greater and result in the much greater interoccasional differences in VfF 

and CL/F. 

The major metabolite, 25-desacetyl rifapentine, showed increased serum concentrations on 

occasion 2 (Table 3.2, Figure 3.3) in the patient study, with AUCs up to 72 hours Significantly 

different from those measured on the first occasion(p = 0;002). Conversely the elimination 

half-life was fractionally reduced on the second occasion but the difference did not reach 

significance (p=0.582). 
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The presence or absence of HIV infection in patients with tuberculosis. and its effect on 

pharmacokinetic measures, as well as the influence of gender is presented in Table 3.3. HIV 

status did not appear to influence the pharmacokinetics while significant gender differences 

were noted. 
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Table 3.1 Patient and healthy volunteer characteristics grouped according to the different dose sizes 

Oose 

Group 

(mg) 

Mean Age 

(SO) 
Gender 

Mean 

Mass 

(SO) 

Mean BMI 

(SO) 

Mean 

dose/kg 

(SO) 

..
Smoking Alcohol' 

HIV 

Positive 

HIV 

status 

Unknown 

Previously 

treated for 

TB 

600 

(n=10) 

35.5 years 

(11.05) 

4 Males 

6 Females 

43.8 kg 

(2.48) 

16.5 kg/(m2) 

(1.72) 

13.7 mg/kg 

(0.85) 
9 8 5 2 5 

750 

(n=19) 

36.0 years 

(10.21) 

12 males 

7 females 

50.0 kg 

(2.44) 

17.9 kg/(m2
) 

(1.52) 

15.0 mg/kg 

(0.75) 
18 13 6 3 12 

900 

(n=16) 

32.5 years 

(9.70) 

13 males 

3 females 

60.5 kg 

(5.23) 

21.5 kg/(m2) 

(1.22) 

14.9 mg/kg 

(1.22) 
14 16 3 4 12 

All Patients 

(n=45) 

35 .0 years 

(10 .03) 

29 males 

16 females 

50.0 kg 

(7.97) 

19 .7 kg/(m2) 

(2.27) 

15.0 mg/kg 

(1.04) 
41 37 14 9 29 

Healthy 

Volunteers 

(n =32) 

24 .0 years 
32 males 

(4.98) 

.---~- --

74.4 kg 

(12.13) 

23.5 kg/(m2
) 

(2.83) 

12.4 mg/kg 

(1.85) 
0 0 0 0 0 

* Evaluated by direct questioning, smoking while an in-patient 

~ Evaluated by direct questioning, alcohol consumption during or prior to admission 

SD = standard deviation, BM! = body mass index, HIV = human immunodeficiency virus 
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Table 3.2 Median pllarmacokinetic measures (interquartile range) of rifapentine and 25-desacetyl rifapentine on both occasions 

Rifepentine 

Parameter Occasion 1 Occasion 2 Healthy Volunteer Occasion 1 

(n=45) (n=42) (n=32) 

~ L 
(n=45) 

15.19 15.56 23.64 5.66 
Cmax (I-lQ/ml) 

(13.37-18.57) (13.38-17.75) (18.94-27.98) (4.04-7.23) 

5.00 5.52 4.00 8.05 
Tmax (hr) 

(4.05-6.08) (4.11-7.87) (3.00-5.00) (7.83-23.49) 

355.8 373.7 583.7 174.57 * 
AUClast (I-lg.hr/ml) 

(296.6-457.9 ) (314.8-485.3) (428.5-662.0) (151.3-253.9) 

360.6 381.8 599.8 183.93 * 
AUCinf (I-lg.hr/ml) 

(305.1-468.2) (319.7-501.61) (440.0-704.0) (156.8-263.8) 

11.63 * 12.05 * 13.610 14.71 
TI/2 (hr) 

(10.18-12.84) (11.25-14.00) (11.76-17.55) (12.42-16.34) 

1.93 1.89 1.51 
CL/F (L/hr) 

(1.61-2.25) (1.61-2.39) (1.28-2.05) 

32.10 34.57 27.82 
V/F (L) 

(26.26-37 .31) (28.57-41.72) (25.00-38.46) 

Cmax = maximum plasma concentration 

Tmax = time to reach maximum plasma concentratiOn 

AUClast == area under the plasma concentration-time curve from time 0 to the last quantifiable sample 

AUCinf = area under the plasma concentration-time curve from time 0 extrapolated to infinity 

TI/2 = elimination half-life 

CL/F ::;: apparent oral clearance 

V/F = apparent volume of distribution 

* Significant differences exist in PK parameters between the two occasions 

25-Desacetyl rifapentine 

Occasion 2 Healthy Volunteer 

(n=42) (n=32) 

6.58 12.41 

(4.50-8.43) (9.14-18.10) 

15.60 24,00 

(8.00-24.15) (13.00-24.00) 

259.35 * 507.9 

(179.0-327.1) (383.2-836.2) 

271.38 * 551.7 

(195.5-341.2) ( 415.5-891.6) 

13.98 12.39 

(12 .73-16.66) (10.42-18.57) 
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Table 3.3 Median pharmacokinetic measures of rifapentine in various population subgroups on both occasions 

Parameter Occasion 

Cmax (I-'g/ml) 

2 

Tmax (hr) 

2 

AUClast (I-'g.hr/ ml) 

2 

AUCinf (I-'g .hr/mi) 

2 

tl/2 (hr) 

2 

CL/F (L/hr) 

2 

V/F (ll 

2 

Positive 

(n=14) 

16.42 

(11.31 - 17.54) 

16.91 

(14.36 - 17.96) 

6.00 

(4.30 - 6.94) 

5.95 

(5.05 - 8.03) 

334.29 

(297.71 - 453.09) 

413 .65 

(328.72 - 478.37) 

338.71 

(308.92 - 46331) 

423.48 

(341.58 - 500.98) 

11.27 

(10.07 - 12.42) 

11.85 

(11.22 - 14.42) 

2.21 

(1.73 - 2.39) 

1.77 

(1.44 - 2.30) 

32.64 

(25.57 - 33 .55) 

33.04 

(30.29 - 38.37) 

HIV 

Negative 

(n=22) 

15.18 


(13.41 - 18.66) 


15.81 


(13.16 - 17.63) 


6.00 


(4.94 - 6.19» 


6.01 


(4.05 - 6.02) 


363.32 


(302.51 - 433.72) 


373.69 


(304.02 - 439.76) 


370.14 


(307.15 - 438.85) 


381.76 


(309.30 - '146.88) 


11.77 


(10 .21 - 12.62) 


12.03 


(11.59 - 12.87) 


2.03 


(1.71- 2.32» 


1.96 


(1.68 - 2.73) 


33 .29 


(26.41 - 39.19) 


35.29 


(28.75 - 42.06) 


P-value 

0.490 

0.383 

0.541 

0.945 

0.492 

0.3 13 

0.492 

0.313 

0.322 

0.641 

0.492 

0.461 

0.322 

0.641 

Male 

(n=29) 

14.36 

(12 .76 - 17.56) 

15.26 

(13 .16 -17.04) 

5.03 

(4.00 - 6.17) 

5.08 

(4.05 - 7.82) 

331.13 

(290 .36 - 416.56) 

339.01 

(300 .05 - 420.00) 

335.55 

(301.67 - 424.69) 

343.45 

(305.40 - 435.76) 

11.67 

(10 .67 - 12.84) 

12.55 

(11.40 - 13.65) 

2.42 

(1.65 - 2.75) 

2.18 

(1.74 - 2.67) 

39.97 

(26.93 - 47.31) 

43.02 

(31.59 - 45.81) 

Gender 

Female 

(n=16) 

16.80 


(15.23 - 19.23) 


17.63 


(15.04 - 18.08) 


4.98 


(4.93 - 6.02) 


6.02 


(5.01 - 6.04) 


432 .40 


(35 7.69 - 479.22) 


'146.53 


(377. 18 - 506.33) 


436 .74 


(362.98 - 497.83) 


457.50 


(381.97 - 528 .89) 


11.23 


(9.96 - 12.41) 


11.73 


(11.34 - 13.46) 


1.56 


(1 .44 - 2.00) 


1.75 


(1 .54 - 2.11) 


26 .19 


(25.27 - 33 .73) 


27.60 


(27.39 - 36.49) 


.. 


P-value 

0.176 

0.007 

0.937 

0.423 

0.092 

0.002 

0.110 

0.003 

0.970 

0.638 

0.027 

0.001 

0.064 

0.001 
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Figure 3.1 Comparative interquartile ranges in pharrnacokinetic parameters of tuberculosis patients and healthy volunteers. 
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Figure 3.2 Median plasma rifapentine concentration-time profiles for all patients on occasions one (solid 

line, n=45) and two (dashed line, n=42). 
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Figure 3.3 Median plasma 2S-desacetyl rifapentine concentration-time profiles for all patients on 

occasions one (solid line, n=45) and two (dashed line, n=42). 
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Figure 3.4 Individual differences in the Cmax values of rifapentine between occasions for 42 patients~ 

~ % Difference = ((Occasion 2 value - Occasion 1 Value) / Occasion 1 value)) *100 
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Figure 3.5 Individual differences in the area under the curve (mg.hr/L) values for rifapentine between occasions for 38 patients~ 

~ % Difference = ((Occasion 2 value - Occasion 1 Value) / Occasion 1 value)) *100 

Patients with incomplete concentration time profiles (n=4) and patients withdrawn after occasion1 are not included 
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Figure 3.6 Individual differences in the elimination half-life (hr-1) values for rifapentine between occasions for 38 patients~ 

~ % Difference = ((Occasion 2 value - Occasion 1 Value) / Occasion 1 value)) *100 

Patients with incomplete concentratiOn time profiles (n=4) and patients withdrawn after occasion1 (n=3) are not included 
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Figure 3.7 Individual differences in the Clearance (L/hr) values for rifapentine between occasions for 38 patients~ 

~ % Difference = ((Occasion 2 value - Occasion 1 Value) / Occasion 1 value)) *100 

Patients with incomplete concentration time profiles (n=4) and patients withdrawn after occasion1 are not included 
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Figure 3.8 Individual differences in the Volume of Distribution (L) values for rifapentine between occasions for 38 patients~ 

~ % Difference = ((Occasion 2 value - Occasion 1 Value) / Occasion 1 value)) *100 

Patients with incomplete concentration time profiles (n=4) and patients withdrawn after occasion1 are not included 
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Figure 3.9 Plasma rifapentine concentration-time profile for patient number 32 on occasions one (solid 

mauve line) and two (solid blue line). 
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Figure 3.10 Plasma rifapentine concentration-time profile for patient number 33 on occasions one (solid 

mauve line) and two (solid blue line). 
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3.6 Discussion 

The results from this study dearly show that, in pulmonary tuberculosis patients, rifapentine is 

well absorbed and shows little variability, both between individuals on a single dosing occasion 

and in a single individual between dosing occasions. This low variability is also in line with that 

observed with the healthy volunteer data, which was collected under more standardised 

conditions with stricter inclusion/exclusion criteria. Of the four patients that demonstrated 

larger than expected (> 20%) interoccasional differences, none had demographic factors that 

distinguished them from the rest of the population. They also did not share any common 

factors that could explain the large differences. The ingestion of the full complement of daily 

medication was fully supervised at each doing occasion. The counting and packing of the daily 

medication was independently checked to ensure each patient received the correct dose. 

Ingestion of the entire meal on the morning of the study dose was followed up as thoroughly 

as possible although it was not fully supervised. This could account for the differences in 

pharmacokinetic profiles as rifapentine absorption is sensltive to food intake. 

The reduction in the Cmax and AUC and the increased clearance found in the patient rifapentine 

data in comparison to the healthy volunteers is thought to be due to the induction of 

rifapentine metabolism by rifampicin, which was given in daily doses to the patient group prior 

to participation in the study. Since rifapentine is not autoinductive (Keung et aI., 1999) one 

could expect the plasma levels observed in patients to be even higher if therapy is initiated 

with rifapentine rather than rifampiCin. No statistically significant differences exist in the 

pharmacokineticss of the parent compound between occasions 1 and 2, although the trend is 

toward increased values on the second occasion. The enzymes responsible for the 

biotransformation of rifampicin and rifabutin to their primary 25-c1eacetylated metabolites are 

B-esterases (Jamis-Dow et aI., 1997). It is not unreasonable to assume that rifapentine, also a 

member of the rifamycin family, is metabolized by the same enzyme system (Leinweber et ai, 

1987; Reith et ai, 1998; Burman et ai, 2001). The inductive effect on mixed-function 

oxygenases in the liver and autoinductive properties of rifampiCin are well known (Acocella G., 

1978; Kenny and Strates, 1981) and this suggests possible induction of rifapentine metabolism 

by rifampicin. Based upon this assumption we would expect to see an increase in AUC from 

occasion 1 to occasion 2, attributable to the decrease in rifampicin-related inductive effect on 

the second occasion as no rifampicin was administered for the ten days while subjects received 

rifapentine only. Although there was a trend toward increased plasma levels on the second 

occasion it did not reach significant levels. A similar finding by Tam et al. (1997) confirmed that 
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the induction of rifapentine metabolism by rifampicin does not alter appreciably when 

rifampicin is replaced by rifapentine. It is however possible that the period between dosing 

occasions was not sufficient to detect a significant change as enzyme induction usually takes 

up to 14 days to return to baseline (Acocella G., 1978). 

More noticeable is the significant increase (p=0.021) in the AUC of the metabolite. Acocella 

(1978) showed that with consecutive doses of rifampicin, the elimination of the desacetyl 

metabolite in the bile is increased from day 1 to day 7 with a resultant decrease in serum 

concentrations. Should this effect also apply to the elimination of 2S-0-desacetyl rifapentine, 

the decreasing biliary inductive effect discussed above would result in a decrease in biliary 

elimfnation with time, and account for the increased concentrations of desacetyl rifapentine on 

occasion 2. 

Our patient population showed significant differences in pharmacokinetic parameters between 

male and female subjects, particularly on occasion 2. These differences were also observed in 

a population study by Aventis (2000) which estimated oral clearance for males to be 2.51 L/h 

and for females to 1.69 L/h. This is in stark contrast to a healthy volunteer study by Keung et 

a/. which showed no Significant gender-related differences in rifapentine pharmacokinetiCS 

(Keung et aI., 1998). The decreased clearance in females in our patient study is correlated to a 

decreased volume of distribution with no differences in the apparent half-lives. This can be 

attributed to the weight differences between the two groups, as gender variation is not known 

to affect the rifamycin excretory pathways (Keung eta/., 1998). 

Studies of differences in the pharmacokinetics of rifampicin in HIV-positive and negative 

individuals have produced mixed results, with some groups showing Significant differences 

(Peloquin et a/., 1996; Kimerling et a/., 1998), and others not (Choudhri et a/., 1997; Taylor 

and Smith, 1998). Our cohort of HIV-positive patients showed good absorption of rifapentine 

and no differences in pharmacokinetic measures when compared to HIV-negative patients. 

Rifapentine was also well tolerated by the HIV-positive group with only one individual 

experiencing an adverse event (a rash). These findings correspond to the findings of another 

study by Keung (1999), although direct comparisons are difficult because of differences in 

dosing regimens. 

Considerable inter-subject and inter-occasional variability in the pharmacokinetics of rifampicin 

have been recognised (Ellard and Fourie, 1999). This variability in pharmacokinetic measures in 
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healthy volunteers ranges from 30% (Peloquin al, 1997; Peloquin 1999) to in excess 

of 60% (Pargal and 2001). While groups of patients with low rifampicin ....I::..'rn::::o 

have (Berning et Peloquin et Gordon et 

Patel et al.I 1995; aI., 1997; al, 2001; Van al, 2002) 

of variability and potential factors influencing the variability have not explicitly defined. A 

pharmacokinetic study involving 109 patients drawn from the same study site as our n::lotil!!>nt 

population is currently nearing completion is addressing questions surrounding 

rifampicin. Preliminary findings using a population pharmacokinetic estimate the 

~-"J-'.' variability in order of communication, J. Wilkins, 2004). is 

considerably than the variability in our patient population who 

rifapentine, and while role of potential determinants has not concluded the "'VTI!!>I"IC:I"I!!> 

hepatic, intestinal autoinductive of rifampicin are to playa critical 

Rifapentine holds an advantage over rifampicin in this regard as it not induce its own 

metabolism (Keung 1999) and enzymes and to a 

due to dosing regimen. 

In conclusion, a 15mgjkg dose of rifapentine was well absorbed and well tolerated by patients 

diagnosed with pulmonary tuberculosis. The noncompartmental pharmacokinetics of rifapentine 

is well described the variability individuals between dosing 

occasions was small and in-line with data from healthy volunteer 
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Chapter 4 


Rifapentine Population 

Pharmacokinetic Analysis 




4.1 Introduction 

Population pharmacokinetic (PK) modelling involves the application of nonlinear mixed effect 

models to repeated measurements data from a group of people to determine the population 

average pharmacokinetic measures and to quantify the variability in drug absorption, 

distribution, metabolism and excretion. It further aims to describe the variability in terms of 

genetic, environmental and pathophysiological patient factors (Steimer J-L., 1992; Perez-Urizar 

et al, 2000). These population models can allow better understanding of the underlying 

physiology and can enhance the search for the optimal dose, serum drug level, or observed 

effect (Friberg L., 2003). 

4.1.1 Mixed effects Model 

Mixed effect models are so called because they are comprised of both fixed and random 

effects. General representation of the model is as follows: 

Where Yij is the observed data (j = 1, 2, .. . , n) for the ith individual. f is the structural model 

(e.g. 1-compartment, first-order absorption) for predicting the response in the ith individual. D 

is the dose of drug administered at a time t j • These quantities are measured and are called 

fixed effects. <l> is a vector of individual parameters and may be expressed as: 

~ = g (Zi, 8) + III (2) 

Where g is a structure-type model which is a function of individual specific fixed effects (e.g. 

weight), and fixed effect parameters 8 (e.g. clearance). 11 is a random effect parameter 

accounting for the interindividual difference from the typical population value (mean) and is 

normally distributed with a mean zero and variance CJl. £ij is the random residual error and 

accounts for the difference between the observed measurement and the true predicted value 

(Sheiner and Beal, 1998). 
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Cobs,ij == Cpred,ij + Eij (3) 

In equation (2) the statistical model for describing interindividual variability (r)i) is to 

be The value remains constant and is of the observed 

error term could also will Inrr·.,.::IC,,,, 

proportionally to an increase in the ....::Iinnih of 

¢i == g , e)(1 + r)i) (4) 

~ == g (Zi , e).exp(I'\!) 

In some Situations random variation in a n::lr'::IrYlA1"~'r is seen within an individual from the first to 

the second dosing occasion. This is termed variability and can also be 

quantified in the model by an error term Kik with a mean zero variance n2
, where the 

individual on occasion k differs from the by an additional random 

effect, K;k (Karlsson and Sheiner, 1993; Sheiner and 1998). 

~ ::::: g (ZI , e) + 11. + KiI" (6) 

Statistical models to describe the residual random "''IT'''''''C (£ij) can additive, proportional or a 

combination of the two. The population model can be desCribed as a collection of 

models (structural and from individual nh(:Qn,(::Iti (Steimer 1992). 

4.1.2 Model Estimation in NONMEM 

Estimation of population n::>r::>rn,Q..Q,..., in NONMEM is through iterative minimisation of 


the which is approximately proportional to 


two times the of likelihood) of the data. 


The original by NONMEM was the so-called ...........-"'•.1"1"".. (FO) 


method. The derivation of an approximate likelihood relies upon a first-order Taylor 


expansion and provides of the population parameters. Individual 


estimates are as (Sheiner and Beal, 1998). 
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The first--order conditional estimation (FOCE) method from the FO in 

estimates of population random effects (11) are 

si multaneously than a method is more time consuming CPU 

intensive estimates to be obtained during iteration. The the 

FOCE method is served when degree of nonlinearity in the data and 

obvious bias is seen when using the FO method (Sheiner and 1998). 

Further methods estimation method with intlO'''::If'1t'inn (FOCE INTER) which 

includes an of interindividual residual random and the Laplacian 

method which ...m,r'\ln\/C second-order derivatives rather than rCt"•.t'\r""'r derivatives with respe(:t 

to the 11 values (Sheiner and Beall 

1.3 Mixed O'ft'<O.....Y'C!' model building 

Building the population pharmacokinetic model can therefore be viewed as a three-step 

process whereby the 1) structural, 2) and 3) covariate submodels are 

sequentially to the data at hand. structural model is exploratory in 

nature{ provided no knowledge is dVi::llldIJle, rate of transfer and 

distribution of physiological compartments that body, although 

these compartments usually have no physiological or anatomical reality. 

Once a suitable structural and statistical that adequately the data is 

established, the of population their variability place. The next 

is exploring influence of covariates. can be a time-consuming and laborious task 

not only do parameter-covariate relationships need to be identified but also 

of the needs to be (Wahlby U., 2002). identification 

candidate covariates by screening potential relationships within mixed

model. This can tedious if a number of are to be 

so a few ...... ""t'nl"\''iC' ""........... 1 .....'''011 to ease process. Use of 
 Bayes 

(posthoc) estimates of covariates assists in identifying potential 

as well as functional shape of the relationship (Maitre et 1991). Other 

include stepwise ""n",.,.;::oli<::"",", additive model (Mandema et a/., 1992), multiple 

linear regression, or t" ...,u=... n::. modelling (Verotta 1997). Covariates iriAntif'i"",", to have a 

66 



significant influence on the basic model are included using stepwise forward inclusion and are 

using backward deletion criteria. 

It is important to evaluate the goodness of fit, stability and reliability of a model, particularly 

when it is used for descriptive purposes et al., 2003) as is the case with this study. 

are various techniques to perform this model validation. include of the 

objective function to analyse parameter sensitivity (Holford as well as the 

reestimation of model parameters using bootstrapping 1997). 

The pharmacokinetics of rifapentine in a tuberculosis population has not been described 

in detail using nonlinear mixed modelling. The compartmental pharmacokinetics 

as well as the of various covariate factors however studied in healthy 

volunteers. 

4.2 Rifapentine compartmental analysis and covariate studies 

The compartmental pharmacokinetics of rifapentine has been briefly described previously 

(Conte et aL, 2000) although the study was initially designed to compare the concentrations of 

rifapentine in plasma, alveolar cells and epithelial lining fluid in normal volunteers. A group of 

30 subjects (20 women and 10 men) was subdivided into six groups of Each member of 

the group had blood drawn. first sample was drawn at 2 hours in 

each of the 30 volunteers. The second sample was drawn at a specified time between 4 and 48 

hours defined by the group number. This '""u.~\;;.... in 5 samples each at times 4/ 5, 7, 12, 

and 48 hours. A third sample was drawn from subject 20 - 24 hours post-dose (Table 

4.1). 
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Table 4.1 Concentrations of rifapentine and 25-desacetyl rifapentine in plasma from the study by Conte 
et al (2000). 

Concentration in plasma (mg/L)
Group Drug 

At group time At 20-24 hr post-dose 

1) 4 hr Parent 4.5 ± 1.7 13.3 ± 9.2 4.1 ± 2.6 

Metabolite 0.0 ± 0.0 4.9 ± 3.5 4.8 ± 3.6 

2) 5 hr Parent 13.2 ± 3.6 26.2 ± 6.1 7.6 ± 1.1 

Metabolite 1.6 ± 0.4 8.2 ± 2.6 6.8 ± 2.6 

3) 7 hr Parent 13.9 ± 3.6 14.9 ± 4.9 6.7 ± 1.7 

Metabolite 1.5 ± 0.7 6.3 ± 2.1 5.0 ± 2.6 

4) 12 hr Parent 9.7 ± 5.5 15.5 ± 4.4 10.7 ± 4.0 

Metabolite 0.5 ± 0.5 7.6 ± 2.5 7.6 ± 3.1 

5) 24 hr Parent 9.1 ± 4.7 8.2 ± 1.9 7.9 ± 2.9 

Metabolite 0.6 ± 0.7 7.7 ± 4.7 5.8 ± 4.3 

6) 48 hr Parent 9.7 ± 2.2 3.4 ± 3.2 9.8 ± 7.4 

Metabolite 1.1 ± 0.5 5.1 ± 4.7 7.3 ± 5.3 
--

The data were fitted to a two-compartment model and the following parameters were 

estimated from the model: volume of distribution of the central compartment, the elimination 

rate constant (0.038 h(l), the elimination half-life (18.3 hrs), the maximum plasma 

concentration (26.2 mg/L) and the time to reach this maximum (5 hrs). Although the volume of 

distribution of the central compartment was estimated from the model no value was reported. 

A calculation using the dose (600 mg), AUC (580 mg.hr/L) and elimination rate constant (0.038 

hrl) gives an estimate of 27.2 L. These results are quoted as being in line with the previous 

healthy volunteer studies conducted by Keung et al. (1998). No healthy volunteer covariate 

factors were explored. 

Reference is made in the Priftin package insert (Aventis, 2000) to a population pharmacokinetic 

study using sparse blood samples from 351 tuberculosis patients. Details regarding the 

structure of the pharmacokinetic model are not described. Results after a 600 mg oral dose 

estimate the apparent volume of distribution as 70.2 L. Males and females had statistically 

significant differences in oral clearance with reported values of 2.51 L/hr and 1.69 L/hr 

respectively, although the clinical relevance of this difference has not been studied further. The 

value quoted for the apparent volume of distribution is 2.s-fold greater than those reported 

previously in the literature (Keung et at. 1995; Keung et at. 1998; Keung et al. 1999) while the 

clearance values lie within a Similar range to literature values. It is difficult to explain this 

discrepancy especially since details regarding the data used for the phannacokinetic analysis 
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are not available/ nor are any regarding the model to I'I..CI"'.... I".... the data. 

Calculations made using the mentioned parameter yields an estimate 

half-life of 28.8 is also 2.S-fold nr.c.",l-" ... value quoted from 

OreVIDlJS Aventis studies with ..if'::.n<:>.~ti,.,."" and no further explanation is given in the package 

with regard to the differences in elimination half-life. 

of age (Keung et 1998), n",n,n"'r (Keung et al, 1998), """',r""''';: of hepatic 

(Keung et a., HIV infection 1999) on 

pharmacokinetics of rifapentine all been investigated in studies. The results 

show that clearance is reduced in older men and patients with dysfunction when 

to healthy volunteers although no dosage adjustments are recommended. No 

differences exist with to gender although AUC is slightly reduced in HIV 

OD'''U\fe volunteers not to a level. 

from these studies were all analysed using rn""nOli-ln'''Or\onrl",,~t methods and only 

a single at a time. of a population 

pharmacokinetic approach are a compartmental model is describe the rate of 

,. .. ::.,nC1".::w of drug between the of compartments that ......n .. ""c,Q.nt the body and that 

model implemented in the NONMEM programme, can account for three sources/levels of 

variability: 

1. 	 interindividual \/~rl~n!lrrV 


intraindividua! or intl:!rQiccalsional variability 


3. 	 residual variability as a of inaccuracies in rl"l"'inn1iinn sample collection 

assay error or model mi~;sDE~if![cat:ion 

4.3 Scope of Population Pharmacokinetic Data Analysis 

of this analysis was to a qualified pharmacokinetic model 

I"V!'f,hn,jO and the metabolite after administration a 15 mg/kg dose to patients 

with TB for the purpose of pharmacokinetic variability and the influence of rv"Ic'eik:lo 
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4.4 Methods 

4.4.1 Data analysis 

The initial data set for the building of the pharmacokinetic model for the patient study was 

constructed using data from all individuals on all occasions. One patient was sampled a third 

time although the third dose was separated by ten days from the first two consecutive doses 

with daily doses of rifampicin administered daily between the second and third dose of 

rifapentine. Data from the third occaSion was therefore included as a new individual. The limit 

of quantification of the assay was 0.6 mg/L for the parent and 0.25 mg/L for the metabolite. 

Blood samples with concentrations that fell within 10% of this value were not excluded from 

the data set. Plasma molar concentration-time data of rifapentine and 25-desacetyl rifapentine 

from all patients was modelled with a nonlinear mixed effects approach using NONMEM 

(version V, Level 1.1) (Sheiner and Beal, 1998). NONMEM was operated in a UNUX 

environment (Mandrake Linux 9.1) using a gcc Fortran compiler 3.3.1. First-order conditional 

estimation was used to estimate all population pharmacokinetic parameters except for the 

parent absorption lag-time where the first-order estimation method was employed. 

4.4.2 Choice ofpatient covariates 

The following covariates were tested: age, weight, body mass index (BMI), albumin, ALT, AST, 

alkaline phosphatase, time elapsed between meal and rifapentine dose, number of rifampicin 

doses prior to first rifapentine dose, gender, alcohol abuse, smoking, HIV infection, recreational 

drug use and if the patient presented as a new or retreatment case. Demographic and 

covariate data were collected by questionnaire, interview and examination of hospital medical 

records. 

Biochemical laboratory results, in particular albumin, served as markers of disease state. The 

impact of food on the absorption of rifapentine has been discussed in detail and the interval 

between food and drug administration was measured and evaluated as a covariate effect. 

Rifampicin is a potent inducer of hepatic and intestinal enzyme systems. It was assumed that 

at the time of the first rifapentine dose all patients woutd be maximally induced. This 

assumption was tested by evaluating the effect of the number of rifampicin doses patient 

received before the first study dosing occasion. A previous population study by Aventis (2000) 
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showed differences in the apparent oral clearance between the two gender groups, although 

no significant differences where observed in healthy volunteers (Keung et aI., 1998). 

Noncom partmenta I analysis of our data (chapter 3) showed significant differences between 

males and females and these differences were studied further to determine if it was a true 

gender effect or if the difference was related to patient weight. In subjects not infected with 

tuberculosis, HIV infection has no significant impact on the pharmacokinetics of rifapentine 

(Keung et al., 1999). The effect of HIV and TB co-infection was examined in our covariate 

analysis. Smoking, alcohol abuse and recreational drug use were prevalent amongst our study 

population. The risk that these practices may lead to decreased serum levels is tested in the 

model. The effect of prior treatment (completed or not) for active TB is also considered as a 

risk factor for decreased serum levels. 

4.4.3 Model development 

4.4.3.1 Parent drug model 

Single- and multicompartment pharmacokinetic models with linear elimination were fitted to 

the rifapentine concentration-time data. The models included first-order absorption 

including/excluding a lag time to determine the basic pharmacokinetic structural model. The 

need for interindividual variability was evaluated in all basic structural parameters and was 

modelled as in the case for CL/F: 

where CL/F; is the clearance value for the ith individual and TV(CL/F) is the clearance in a 
C Ftypical individual. 111 l/ is the inter-subject variability, assumed to be normally distributed 

2around zero and with a variance U) Cl/F to distinguish the ith individual's clearance from the 

population mean as predicted from the regression model. Residual variability incorporated both 

additive and proportional error terms. Concentration time profiles of patient data displayed a 

secondary peak in 23 out of 45 patients at 6 hours. This was the first sample taken after lunch 
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and the peak could be the result of ru:;;,ngr.TI 

ALAG being reabsorbed from the small following 
Absorption 


Compartment 


KA 

Central 

Compartment 


the release of bile from the gall bladder. An 

enterohepatic recirculation model 4.1) was 

employed to try and drug
Gall bladder 

continuously entered the hypothetical 

compartment from 

gall bladder was into 

compartment at times of food intake. cycle 

was repeated for the first hours of dosing
Figure 4.1 I=nl"."'rnl.....n:.tir recirculation model 

occasion. Rifampicin is a known inducer of drug 

elimination potential effect of prior administration on 

rifapentine pharmacokinetics was investigated. As an empirical model for changes in 

rifapentine clearance due to previous rifampicin administration and a putative induction, the 

need for separate population Cl/F values for the two dose was 

Furthermore, interoccasional riift"",rl'.nr.::>o:: in the pharmacokinetic parameters were .o"""I,.",ort and 

modelled as in the case for 

where KiV/F is the variability, assumed to be normally distributed zero 

and with a variance provided the structural and statistical with no 

covariates i.e. nrllm,l"l\/<::t n:JIrQnr rnn"..",.t:: 

4.4.3.2 Parent Covariate Analysis 

Individual empirical were generated from the model 

and interindividual (i.e. the Il's) were plotted against the to identify 

potential relationships as well as shape of the relationship. Further 

covariates was achieved generalised additive modelling (GAM), In"Ir"\I<::t''''''<::tnt".:'''' in 

Xpose (Jonsson and Karlsson, Covariates identified as being important were 

assessed in the primitive model by univariate addition and ranked in 

according to the in value (~OFV). Variables were by 

stepwise addition to the model. Covariates were included in the model at a of 
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0,05. When no could included at the 5% significance level a backwards 

Inn,f',r",nf-"" level. Continuous covariates were centred at 

the median values and were ILIU'U";;;U in model as exemplified in the case of body weight 

as: 

deletion was out 

were .L.LA...."';.... in model as exemplified in the case of HIV 

status: 

(CL/F1) :::: 	 + KiK 

ELSE 

ENDIF 

The parent model is :::.tT,.rh••f'I as Appendix 2.1. 

4.4.3.3 Metabolite Model 

The deacetylated rifapentine, was modelled separately from the 

parent drug. The individual "'...... l"\i .. i,..."'1 Mo....'''fJ'SI.... n post hoc estimates from the final parent drug 

model, including were fixed and served as input for the basic structural metabolite 

model. Single- and muiticompartmental models with linear and nonlinear elimination were 

fitted to the metabolite plasma 
Absorption concentration-time data to describe the 

kinetic behaviour and disposition of the 

metabolite (Figure 4.2). 

KAm 	 formation of the metabolite via the 

effect was investigated and modelled a 

hypothetical metabolite absorption 

compartment (Kerbusch et all 2003). Models 

where the metabolite was to 

only formed systemically as well as models 

including elimination of rifapentine through a 

Figure 4.2 Metabolite structural models second non-hepatic pathway were 
explored 

(CL/Fi) + 
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explored. An increased exposure of 2S-desacetyl rifapentine after the second dose compared to 

the first dose without a significant change in the parent drug kinetics was observed. The 

different models applied to describe the observed change in exposure included a linear decline 

in clearance of the metabolite over time, an exponential decline over time, and a clearance 

saturation model expressed as follows: 

1VCLmetabolite =1VCloaseline + (1VCLinduced - 1VCLbasellne) . exp(-Slope. Day) 

Exponential models were used to account for the variability between subjects and were initially 

tested on all basic structural parameters. Residual variability incorporated both additive and 

proportional error terms. 

4.4.3.4 Metabolite Covariate Analysis 

The same covariates tested for significance in the parent drug model were included in the 

metabolite model. These were assessed and included as described for the parent drug. 

The metabolite model file is attached as Appendix 2.2. 

4.4.4 Model evaluation and qualification 

Models were selected by visual inspection of basic goodness-of-fit plots including plots of the 

observed data vs. population (PRED) and individual predictions (IPRED). Plots of individual 

weighted residuals (IWRES) vs. individual predictions and the distribution of weighted residuals 

(WRES) over time were assessed for deviations away from zero. Relative standard errors (RSE) 

of the parameters were also compared to measure parameter precision and the OFV produced 

by NONMEM was used to discriminate between hierarchical (nested) models. This 

discrimination was based on a Significance level of 0.05 which corresponds to a decrease in 

OFV of >3.84 (one parameter difference) as the difference in OVF is approximately K
distributed (Sheiner and Beal, 1998; Wahlby et a/. , 2001). 

Model qualification for both parent and metabolite were performed by mapping the response 

surface of the objective function and by bootstrap resampling to confirm parameter stability 

and sensitivity as well as the robustness of the model. For the former method individual 
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were fixed at ± 51 10/ 151 201 60% of the population 

from final model and changes in OFV were 0101:too against the parameter 

Polynomial (4th order) were to the ~-distribution 

95% confidence intervals (Cl) would rnr'I"lCICnnrlti a 

change in OFV of 3.84. The confidence intervals obtained were compared with those on 

the errors (SE) of the NONMEM and were calculated as point ± 

(1.96 x Parameter estimates were 	 each of the 2000 bootstrap c::>l'1nnl,:>':: 

The 	 and 95% CI's were also compared with those of the NONMEM estimates from 

model. 

1 Parent drug model 

A rifapentine and 756 L:rOeiaCE:!tvl I"ir::>n<:>rll-i concentrations were COllecteO 

tntl:>nc:'h/l:> sampling in 4S patients over the period. A one-compartment 

with absorption and elimination with an absorption lag time included was found 

optimal for further modelling of the parent drug data (Figure 4.3). Interindividual variability 

(IIV) terms were included on the following structural model parameters: absorption 

(ALAG), absorption rate constant (KA), volume of distribution of the central rnrnn,,,l"'I'rYl<:>'r'\1" 

(VIF), from the central compartment (CL/F). 

The '::<:>,'nnti::l',",/ peaks observed in some in the patient data set could not 

(n,,.I~;;\,jUClI.'C:ly characterised by the <:>",'"<:>,.,..I'\<:>",::>t-,r and the model soon "..,.,...... <:> 

The incorporation of enzyme induction model not "'Vnl::lln 

the any better than the model incorporating interoccasional variability (1OV) in 

model was followed further. Addition IOV terms to KA and VlF further 

provided the best fit to nififl:>l'"l"nt covariates were 

ability to improve the model fit, reduce the interindividual variability andlor explain the 

variability. Graphical analysis and stepwise additive modelling identified 

(WT) as a covariate influencing V/F. Furthermore WT, ALT 

were identified as having an influence on KA. The indusion of the effect of WT on 

Dlaae!5t drop in OFV (LlOFV In the forward inclusion only 

WT on VlF produced a in OFV which negated the for a 
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backward deletion Indusion two afore mentioned rrH,'''''''''''''' mT~>rtc:: 

the relationship between model-predicted and observed concentrations for the population 

(Figure 4.4a). Individual predictions versus observed values are presented in Figure 4.4b. 

Individual weighted residuals versus individual predictions and weighted residuals versus time 

are plotted in Figures and respectively. The vast majority of points in these two plots 

lie within units of perfect agreement and were evenly distributed around zero ordinate 

over the duration the study. Figure shows the plasma concentrations and model 

predicted values for a representative patient on two dosing occasions. It demonstrates that the 

model can account for variations in the plasma concentrations occasions. lJ=u~m,,,,,r.:.r 

estimates from the final model are presented in Figure 4.7 - show the objective 

function mapping for the parameters estimated from the final model. No local minimum was 

found in any of the The 95% confidence intervals of the objective function 

mapping of the final model coincided well (Table Results from the bootstrap 

resampling are presented in Table concur with NONMEM parameter ...ct', ...... "'.,.... '" 

Individual plots of observed, population predicted and individual predicted rifapentine 

rnl".r",..~tr·=.til"\ln_tirn"" data are in Appendix 3.1. 
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RIFAPENTINE MODEL BUILDING (PHASE I) 

ADVAN2 TRANS2 ADVAN4 TRANS4 

1-Compartment 2-Compartment 
IlV: CL, V, KAIlV: CL, V, KA 

OFV = -6992.146 OFV = -6994.335 

I 
l-CMT with Lag time 
IlV: CL, V, KA, ALAG 

OFV = -7088.042 

I 

I 

Enterohepatic 
recirculation 
llV: CL, V 
OFV = -7137.018 

Induction model 
llV: CL, V, KA, ALAG 
OFV = -7123.110 

Interoccasional variability 
IlV: CL, V,KA,ALAG 
roV: CL,KA 
OFV = -7412.070 

L 

Interoccaslonal 
variability (IOV) 
llV: CL, V, KA, ALAG 
IOV: CL 
OFV = -7171.274 

L 

I 

Interoccasionalvariability 
IlV: CL, V, KA, ALAG 
IOV: CL, V 
OFV = -7269.039 

I 

I 

I 
Induction and IOV 
model 
IlV: CL, V, KA, ALAG 
OFV = -7177.055 

Interoccasional variability 
IlV: CL, V, KA, ALAG 
IOV: V, KA 
OFV = -7351.858 

Interoccasional variability 
IlV: CL, V, KA, ALAG 
IOV: CL, V, KA 
OFV = -7423.808. 

I 

Effect of Weight on CL 
!IV: CL, V, KA, ALAG 
IOV: CL, V,KA 
OFV = -7446.472 

I
IIV - interindlvidual variability 
IOV - interoccasional variability 
OFV - objective function value 
CL - clearance from the central compartment 
V - volume of the central compartment 
KA - absorptlon rate constant 
ALAG - absorption lag time 

I 


L 


Effect of Weight on V 
!IV: CL, V, KA, ALAG 
IOV: CL, V,KA 
OFV = -7439.654 

Effect of Weight on CL and V 
!IV: CL, V, KA, ALAG 
IOV: CL, V, KA 
OFV = -7459.19 

ANAL PAREIIIT DRUG MODEL 

Figure 4.3 Flow diagram detailing the model building of the parent drug model 
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a) Observed vs. Population predicted b) Observed vs.lndlvldual predicted 
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Figure 4.4 Goodness-of-fit plots for the final patient pharmacokinetic model a) observed rifapentine 

concentrations vs. population predictions b) observed rifapentine concentrations vs. individual 

predictions c) individual weighted residuals vs. the individual predictions d) weighted residuals vs. time 

elapsed over the study period. The solid blue line is the line of identity. 

78 



0.020 

c-l 
0::: 0.015 . 0 
7; E 
lsSc_ 
eI) eI) 
u c 0.010 c._ 
0
u c 
cu II) 

Sg. 
I/I~ 0.005 cu \
0::'0 

o. OOO+----.,----r-----,.-----.;;~--.__-....,.....--._ 

o 24 48 72 96 120 144 168 

Time (hr) 

Figure 4.5 Individual predicted (solid blue line) and observed (open red circles) rifapentlne molar 

concentrations in one representative patient given 750 mg of rifapentine orally on study days 1 and 5. 

One-compartment model, with an absorption lag time and first order absorption and elimination. 

Table 4.2 Patient population pharmacokinetic parameters for rifapentine obtained from NONMEM 

P....meter Estimates 
(RSE*) 

Interindividual 
variation % (RSE*) 

Interoccasional 
variation % (RSE*) 

ALAG (hr) 1.45 (0.05) 23 (0.39) 

KA (h(l) 0.641 (0.19) 52 (0.58) 60 (0.27) 

CLjF (l/hr) 2.03 (0.05) 22 (0.21) 16 (0 .36) 

V/F (l) 37.8 (0.04) 16 (0.49) 16 (0.36) 

Additive residual error (mmol/l) 3.82 x 10-'1 (0.15) 

Proportional residual errOr 0.144 (0.08) 

Effect of WT on elt (l/hr.kg) 0.049 (0.19) 

Effect of WT on ~ (l/kg) 0.691 (0.32) 

* RSE = Relative standard error 
CL/Ft (Cl/Fi) = [TV(Cl/F) + 9wrCL/F.(WTi - WTmedian)]exp(rpCL/F + K;K ) 

:j: (V/Fi) = [lV(V/F) + Swrv/F.(WTi - WTmedian)]exp(!liv/F + KiKV/F) 
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Table 4.3 Comparison of 95% confidence intervals estimated by standard errors of the I\lONMEM final 

estimates, bootstrapping and objective function mapping. 

NONMEM final estimate 

Parameters 

ALAG (hr) 

KA (h(l) 

CL/F (L/hr) 

V/F (L) 

Additive residual error (mmol/L) 

Proportional residual error 

wZfor ALAG 

W
Z for KA 

w2 for CL 

w2 for V 

rt- for CLjF and V/F 

n2 for KA 

Parameters 

ALAG (hr) 

KA (h(l) 

CLjF (L/hr) 

V/F(L) 

Additive residual error (mmol/L) 

Proportional residual error 

w2 for ALAG 

wL for KA 

wL for CL 

wLfor V 

n2 for CL/F and V/F 

rt- for KA 

Mean 

1.45 

0.641 

2.03 

37.8 

3.82 x 10-4 

0.144 

0.0541 

0.27 

0.0485 

0.0268 

0.0271 

0.361 

SE 

0.08 

0.121 

0.09 

1.6 

5.80 X 10-5 

0.012 

0.0211 

0.16 

0.0101 

0.0130 

0.0099 

0.097 

95% CI 

1.31- 1.59 

0.404 - 0.878 

1.85 - 2.21 

34.7 - 40.9 

2.68 X 10-4 - 4.96 X 10-4 

0.121 - 0.167 

0.0127 - 0.0955 

0.00 - 0.58 

0.0287 - 0.0683 

0.0013 - 0.0523 

0.0077 - 0.0464 

0.172 - 0.550 

Bootstrap resampling 

Median 

1.48 


0.637 


2.03 


37.8 


3.74 x 10-4 


0.144 


0.0473 


0.231 


0.0457 


0.0257 


0.0278 


0.351 


95% CI 

1.26 - 1.60 


0.446 - 0.978 


1.86 - 2.22 


34.3 - 44.5 


2.49 X 10-4 - 4.90 X 10-4 


0.122 - 0.171 


0.0164 - 0.1525 


0.001 - 0.753 


0.0249 - 0.0656 


0.0008 - 0.1569 


0.0091 - 0.0537 


0.185 - 0.560 


Objective function 

mapping 

95% CI 

1.28 - 1.53 


0.506 - 0.832 


1.90 - 2.21 


35.3 - 42.0 


2.71 X 10-4 - 5.33 X 10-4 


0.130 - 0.164 


0.0236 - 0.1163 


0.044 - 0.502 


0.0265 - 0.0882 


0.0071 - 0.0537 


0.0168 - 0.0421 


0.228 - 0.611 


80 

http:1.31-1.59


-7435 

GO 
~ 

iV -7440. 
> 
I: 

0 
 -7445t; 
I: 

.2 -7450.
GO 
>..., 
~ -7455 
'E 
0 

-7460. 

a} Absorption lag time 

... ~ 

1.0. 1.2 1.4 1.6 

ALAG (hr) 

c) Volume of Distribution 

b) Absorption rate constant 

-7453 

-7454GO 
~ 

<U 
> -7455 
I: 
0 
~ -7456 u 
I: 

.2 -7457 
GO 
> 
~ -7458u 
GO 
~ 
0 -7459 

-7460 

.. .. ........ ..:-_ .. ...... :.... ......-:- .. .....~... ...... 

0..4 0..5 0..6 0..7 0..8 0..9 1.0. 

KA (hrl) 

d) Clearance 

-7420 
GO 
::s 

->"' -7430. 
I: 
o 

'::! 
u 
I: - 7440. 
.2 
~ 
.tj -7450 

GO 
'E 
o -7460 

iGO 
-7435 

a> 
-7440. 

il 
I: -7445 
.a 
~ -7450 

.~ 

GO
'E -7455 
o 

-7460 

: : 
···~· ·i · · ·-+- -i~- ~. - "' ----io . . . I i 1 ; .+.. ....L-....( .....,...... +_....y 

1.5 1.7 1.9 2 1 2.3 2.5 2.7 

CUF (L/hr) 

f) Proportional residual error 

-74.3 0. 

~......~..........~.... ......:

. -. - .~..;.. -.....-..; ._...--~. 

.... j....... ..~... ......"......... :..........l 

0..10. 0..12 0..14 0..16 0..18 0..20. 

Proportional residual error 

-7425+----+----!---+--+---t-

GO -7430 
::s 
~ -7435 
I: 

~ -7440 
u .a -7445 

GO 
.~ -7450 

l -7455
.0 
o 

-7460 

-7451 

-7452 
GO 
~ -7453iV 
> 

-7454 
0 

'fl -7455 

I: 

I: 

.2 -7456 
GO 
> -7457 
u 
.!!, -7458 

'J:) 

.0 
0 -7459 

28 33 38 43 48 53 

V/F (Ll 

e) Additive residual error 

·7460 + ---j---j-------i- ----j--' 
0..0002 0.0003 0..0.004 o..o.OOS 0..0.006 

Additive residual error (mmoUL) 

Figure 4.6 Objective function mapping of model parameters: a) absorption lag time b) absorption rate 

constant c) volume of distribution of the central compartment d) clearance from the central 

compartment e) additive residual error f) proportional residual error. Pharmacokinetic parameters are 

fixed to ± 5, 10, IS, 20, 30, and 40% of the population estimate and non-fixed parameters are re

estimated by NONMEM . The fixed parameters (open circles) are plotted against objective function value. 

The vertical red lines indicate the 95% confidence intervals corresponding to a change in objective 

function of 3.84_ 
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Figure 4.7 Objective function mapping of model parameters: a) interindividual variability on CL/F b) 
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estimated by NONMEM. The fIXed parameters (open circles) are plotted against objective function value. 

The vertical red lines indicate the 95% confidence intervals corresponding to a change in objective 

function of 3.84. 
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b) Effect ofWeight on Volume 
a) Effect of Weight on Clearance of distribution 
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Figure 4.8 Objective function mapping of covariate model parameters: a) effect of weight on oral 

clearance of the parent compound b) effect of weight on the volume of distribution of the parent 

compound. Pharmacokinetic parameters were fixed to ± 5, 10, 15, 20, 30, and 40% of the population 

estimate and non-fixed parameters are re-estimated by NONMEM. The fIXed parameters (open circles) 

are plotted against objective function value. The vertical red lines indicate the 95% confidence intervals 

corresponding to a change in objective function of 3.84. 

4.5.2 Metabolite model 

During initial model building the formation of the metabolite via the first-pass effect could not 

be characterised nor could the distinction be made between hepatic and non-hepatic clearance 

of the parent drug (Fig 4.2). A one-compartment model with linear elimination was found to be 

optimal for further modelling of the data. Use of an empirical model to determine the extent of 

the change in CLMET between occasions improved the model fit (LlOFV = -248) and showed a 

significant decline in clearance from occasion 1 to occasion 2. Of the various models tested to 

describe the shape of the change, the exponential decline over time model (Fig 4.9 Option 2) 

and the saturated clearance model (Fig 4.9 Option 4) provided equally good fits of the data. 

The saturation model was chosen based on physiological plausibility and the fact that it 

provided a maximal induced CLMET value. Model parameters estimated were the metabolite 

volume of distribution of the central compartment (VMET), the induced metabolite clearance 

(CLIND) i.. e. the clearance of the metabolite before study initiation, the baseline metabolite 

clearance (C4JAStJ ':e. the clearance at the end of the study period, the slope of the decline in 

clearance (SLP). Final population pharmacokinetic parameter estimates are presented in Table 
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4.4 and are accurately estimated with 7/10 parameters having relative standard errors under 

12%. 

The ClMET on day 1 for a male subject weighing 50 kg was estimated to be 6.74 L/hr. This 

value declined to 3.56 L/hr on study day 8. Variability between individuals in the parameters 

describing the pharmacokinetics of the 25-desacetyl rifapentine was 23% for V~1ET and 36% for 

CLMET. Inclusion of variability terms in other parameters were not supported by the data. 

Basic goodness-of-fit plots of the population and individual predictions versus observed 

concentrations of the deacetylated metabolite are presented in Fig 4.10. Individual weighted 

residuals versus individual predictions and weighted residuals versus time are plotted in Figures 

4.10c and 4.10d respectively. 

During the initial covariate screening gender (GNDR) was found to affect both C~ET and VMET 

while weight (WT) was found to have a significant effect on VMET only. The number of 

rifampicin doses prior to study initiation did not have a significant effect on ClMET. During the 

forward inclUSion step the combined effect of GNDR on C~ET and WT on VMET produced the 

biggest difference in OFV (flOFV = -35.33) and were retained in the model (Fig 4.9). 

Females had a 35% lower ClMET than males and a difference of 0.267 l was observed in VMET 

for each kilogram an individual's weight deviated, either up or down, from the mean value of 

50 kg. 

Figure 4.11 shows the plasma concentrations and model predicted values for a representative 

patient on two dosing occasions. It demonstrates that the model can account for variations in 

the plasma concentrations between occasions. Figure 4.12 - 4.13 show the objective function 

mapping for the parameters estimated from the final model. No local minimum was found in 

any of the parameters. The 95% confidence intervals of the objective function mapping and 

those of the final model coinCided well (Table 4.5). Results from the bootstrap resampling are 

presented in Table 4.5 and coincide well with the NOI\lIVlEM parameter estimates. 

Individual plots of observed, population predicted and individual predicted 25-desacetyl 

rifapentine concentration-time data are presented in Appendix 3.2. 
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Figure 4.9 Flow diagram detailing the model building of the metabolite, 25-desacetyJ rifapentine 

85 

http:THETA(2)-lliETA(I�*EXp(-K*IlA.TE
http:OFV=-B236.46
http:CLM2=2.90
http:ClMl=3.69
http:CLM=3.25
http:ClM=3.2B


__ 

a) Observed vs. Population predicted b) Observed vs. Individual predicted 

oD 

>o 

0 .000 0.004 0 .008 0.012 

PRED IPRED 

c) Individual weighted residuals vs. d) Elapsed time vs. Weighted residuals 
Individual predicted values 

7 
o 

6 

5 

4 
0 

3 

2 

~.--.--. 
% 
0 

0 

0_0__..

• 
0tIi1 8w 0:::

0::: ~ 
~ o 0 .014 


i 0 

c\p 0 ·1 

0
·2 

·3 0 

TIME 

Figure 4.10 a) observed 2S-desacetyl rifapentine concentrations vs. the population predictions b) 

observed 25-desacetyl rifapentine concentrations vs . individual predictions c) individual weighted 

residuals vs. the individual predictions d) weighted residuals vs. time elapsed over the study period. The 

solid blue line is the line of identity. 

0 

D 

IPRE 

86 



>. 0.016 
IV -u 
CU 0.014III 
IV 

"'::J 0.012 
It) NO 
- 0.010 
c_ o EE 
.g IV 0.008 
a.. _-cCU._ 
-c 0.006c IV 
GI Q. 

~.! 0.004 
o ·C 
u 
<II 0.002 
E 
III 0.000~ 

0 24 48 72 96 120 144 168a.. 


Time (hr) 


Figure 4.11 Individual predicted (solid blue line) and observed (open red circles) 25-desacetyl 

rifapentine molar concentrations in one representative patient given 750 mg of rifapentine orally on 

study days 1 and 5. 

Table 4.4 Population pharmacokinetic parameters for 25-desacetyl rifapentine obtained from NONMEM 

Interindividual 
Parameter Estimates (RSE*) 

variation % (RSE*) 

VMIT/F (L) 

TIme-specific CLMIT (L/hr)' 

Baseline CLBASE (L/hr) 

Induced CLIND (L/hr) 

Slope of induction decline (h(l) 

Additive residual error (mmol/L) 

Proportional residual error 

Effect of Gender on CLt (L/hr.kg) 

Effect of WT on yt- (L/kg) 

11.6 (0.07) 

3.56 (0.08) 

21.0 (0.08) 

1.7 (0.04) 

6.3 x 10-4 (0.09) 

0.196 (0.09) 

0.647 (0.12) 

0.267 (0.36) 

23 (0.39) 

36 (0.27) 

* RSE = Relative standard error 

11 1VCLmetaboIite = 1VCLbaseline + (1VCL.nduced - 1VCLbaseline)'exp(-Slope'Day) 

t (1VCL/Fi) = [lVCLbaseline + (1VCL.nduced - 1VC4aseline}exp(-SlopeDay)l SGNDR 

:j: (V/F;) = [lV(V/F) + Swrv/F.(WT;  WTmedian))"exp(I);V/F) 
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Table 4.5 Comparison of 95% confidence intervals estimated by standard errors of the NONMEM final 

estimates, bootstrapping and objective function mapping for 25-desacetyl rifapentine. 

NONMEM final estimate 

Parameters Mean SE 95% CI 

VMtr/F (L) 11.6 0.83 10.0  13.2 

Baseline CLBASE (L/hr) 3.56 0.29 2.98 - 4.13 

Induced CLIND (L/hr) 21.0 1.6 13.2 - 24.2 

Slope of induction decline (h(l) 1.70 0.16 1.38 - 2.02 

Additive residual error (mmol/L) 6.3 x 10-4 5.6 X 10-5 5.2 X 10-'1  7.4 X 10-4 

Proportional residual error 0.196 0.017 0.163 - 0.229 

Effect of Gender on CLt (L/hr.kg) 0.647 0.078 0.495 - 0.799 

Effect of WT on V* (L/kg) 0.267 0.096 0.046 - 0.079 

w2 for Time-specific CL 0.131 0.035 0.062 - 0.199 

w2 for V 0.0646 0.0206 0.0242 - 0.1050 

Bootsbap resempling 
Objective function 

mapping 

Parameters Median 95%0 95% CI 

VMtr/F (L) 13.2 10.1- 13.2 10.6  13.2 

Baseline CLBASE (L/hr) 3.57 2.91- 4.15 3.14 - 4.07 

Induced CLIND (L/hr) 20.5 13.2 - 45.0 13.2 - 34.1 

Slope of induction decline (h(l) 1.67 1.18 - 2.56 1.22 - 2.47 

Additive residual error (mmol/L) 6.24 x 10-4 5.3 X 10-4  7.4 X 10-4 5.6 X 10-4  7.1 X 10-4 

Proportional residual error 0.193 0.162 - 0.225 0.169 - 0.225 

Effect of Gender on CLt (L/hr.kg) 0.651 0.527 - 0.844 0.535 - 0.784 

Effect of WT on V* (L/kg) 0.268 0.102 - 0.461 0.119 - 0.417 

w2 for Time-specific CL 0.123 0.059 - 0.201 0.083 - 0.211 

w2 for V 0.0585 0.0129 - 0.1510 0.0276 - 0.1229 
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Figure 4.12 Objective function mapping of model parameters: a) volume of distribution of the central 

compartment b) induced clearance from the central compartment c) baseline clearance from the central 

compartment d) slope of induction decline e) additive residual error f) proportional residual error. 

Pharmacokinetic parameters were fixed to ± 5, 10, 15, 20, 30, and 40% of the population estimate and 

non-fixed parameters are re-estimated by NONMEM. The fixed parameters (open circles) are plotted 

against objective function value. The vertical red lines indicate the 95% confidence intervals 

corresponding to a change in objective function of 3.84. 
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Figure 4.13 Objective function mapping of model parameters: a) effect of gender on clearance of the 

metabolite b) effect of weight on the volume of distribution of the metabolite c) interindividual variability 

in time-specific clearance d) interindividual variability in volume of distribution of the metabolite 

Pharmacokinetic parameters were fixed to ± 5, 10, 15, 20, 30, and 40% of the population estimate and 

non-fixed parameters are re-estimated by NONMEM. The fixed parameters (open circles) are plotted 

against objective function value. The vertical red lines indicate the 95% confidence intervals 

corresponding to a change in objective function of 3.84. 
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Population Pharmacokinetic Analysis; Discussion and conclusions 

4.6 Discussion 

There are only limited reports in the iiterature'describing the pharmacokinetics ofrifapentinein 

patients and the effect of potential CQvariates. The population pharmacokinetic approach 

enabled us to describe the compartmental pharmacokinetics of rifapentine and the primary 

metabolite 25-desacetyl rifapentine as. well as characterise the degree of interindividual and 

interoccasional variability in the parameters of the patient· population, Furthermore 

relationships between the parameters and covariates were established to further explain the 

variability between individuals. 

The pharmacokinetics of rifapentine in the patient population were best described USing a one

compartment model with an absorption lag time and first-order absorption and elimination. The 

final model included weight as the only significant covariate of CL/F and V/F and produced 

parameter estimates in close agreement with the data analysed by the noncompartmental 

approach. The variability in Cl/F and V /F determined using the standard two-stage approach 

methodology was found to be between 32% (occaSion 1) and 38% (occasion 2) for Cl/F and 

between 29% (occasion'l) and 41% (occasion 2) for VjF. The population pharmacokinetic 

approach estimates this interindividual variability to be 22% for Cl/F and 16% for VjF and the 

interoccasional variability to be 16% for both parameters. This low level of observed 

interoccasional variability and the lack of a significant difference in Cl/F between occasion one 

and two supports the findings from the noncompartmental analysis that the prior 

administration of rifampicin for a period of between four and Six weeks does not significantly 

alter the clearance of the parent drug. It must be emphaSized though that the time between 

rifapentine doses (96 hours) may not be sufficient to capture a true difference if indeed it does 

exist. 

A large degree of variability, both interindividual (52%) and interoccasional (60%), is observed 

with the absorption rate constant. The effect of concomitant food intake on the extent· of 

absorption has been well described in previouS studies (Chan et al, 1'994; Keung et al, 1995; 

Keung et al, 1999). There is, however, a lack of data regarding the effect of the time elapsed 

between food administration and drug ingestion. Although the minimum time elapsed between 

food and drug administration in this study was 30 minutes, the extension of this time window 

beyond 30 minutes was a consequence of logistical issues at the study site. The time elapsed 
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Population Pharmacokinetlc Analysis: Discussion and conclusions 

was however recorded and included as a continuous covariate to try and account of the 

variability in KA between individuals. The difference, although slight, was not significant. 

Reordering and inclusion of this elapsed time data as a categorical covariate (i.e. category 1: :s 
40 minutes between food administration and drug ingestion, category 2: 40 - 50 minutes and 

category 3: ;;:: 50 minutes) did not describe the data any better. No further covariate 

relationship was able to adequately explain or reduce this. variability although a possible 

explanation may lie in the efflux pumps present in the gut wall. 

The multi-drug resistant gene 1 (MOR1) product, P-glycoprotein (P-gp) (loo and Clarke, 1999), 

functions as an efflux transporter and plays a pivotal role in the absorption and presystemic 

metabolism of drug agents by actively transporting substances back into the intestinal lumen 

(Hsing et aI., 1992). large interindividual differences exist in the intestinal expression of P-gp 

(Lown et aI., 1997) and could be the result of genetic polymorphisms (Hoffmeyer et all 2000) 

Or environmental factors as a number of drugs have been shown to induce P-gp expression 

(Arceei et al, 1990; Zhao et al. 1993; Lown et aI., 1996; Seree et all 1998; Greineret aI., 

1999). This includes RIF which up-:regulates intestinal expression by activation of the .human 

orphan nuclear pregnane X receptor (PXR) (Gieck et al, 2001). The mechanism of induction is 

the same as that responsible for the induction of CYP3A4 whereby RIF binds to and activates 

the PXR. The PXR then forms a heterodimer with the retinoid X receptor (RXR). This 

heterodimer complex in turn binds to a DNA response element and thus enhances transcription 

(Lehmann et al, 1998). Full induction after starting daily RIF therapy is reached in 

approximately one week and returns to baseline two weeks after discontinuing therapy (Lee et 

all 1993). The effect of the induction of intestinal P-gp by RIF on the absorption kinetics of 

RPT was not examined in this study but could account, to a degree, for the large inter~ndividual 

and interoccasional variability. However, it did not seem to have a negative impact on the 

extent of absorption as seen in the results from chapter 3. 

Results from the noncompartmental approach showed considerable gender differences in the 

pharmacokinetic parameters, particularly on the second occasion. These differences may be 

expected because of the different proportions of adipose tissue in men and women combined 

with the lipophilic nature of the drug. Females in this study generally had a lower bodyweight 

(47.5 ± 6.1 kg) than their male counterparts (53.5 ± 8.2 kg) and thus smaller organ size and 

blood flow,{Fletcher et aI., 1994; BeierleetiJl, 1999). Results from our population analysis of 

the parent drug indicate that the differences in weight between individuals correlates better 
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with the differences in CL/F and VfF than discrete gender differences. This further supports the 

hypothesis that gender variation does not affect the rifamycin excretory pathways (Keung et 

aI., 1998). Furthermore, 1t iSfmportant to note that co-infect10n with HIV, prior administration 

of rifampicin l smoking,alcohol abuse and recreational drug use did not significantly affect the 

pharmacokinetics of rifapentine. 

The pharmacokinetics of 25-desacetyl rifapentine in this study were best .described by a one

compartment model with no first-pass metabolism and a clearance value that declined in a 

nonlinear fashion over time. The increased exposure of the metabolite on the second dosing 

occasion is thought to be related to a change in biliary excretion rather than to a change in 

hepatic metabolism of rifapentine as no significant change is observed in the pharmacokinetics 

of the parent drug over time. This assumption is based on the fact that the prior rifampicin 

administration (a minimum of 4 weeks daily therapy) is able to increase the capacity of the 

liver to excrete hydrophobic compounds into the bile. Substrate specificity studies have shown 

that at least four ATP-dependant transport systems are known to exist on the biliary canalicular 

side of the hepatocyte (Arias et aI., 1993). Of these transporters P-gp has been shown to play 

an important role in the transport of hydrophobiC xenobiotics and is up-regulated in response 

to exposure of biliary excreted moleculesl like RIF, or their metabolites (Gant et aI., 1995). This 

induction of hepatiC P-gp by RIF is a1so caused 'by activation of the PXR as desctibed above. 

Unfortunately there is no published data available documenting the effect of RPT on the 

induction of P-gp but if one takes into account that both rifamycins are potent inducers of 

CYP3A4 (Acocella G., 1978; Kenny and Stratesl 1981; Aventis, 2000) and the fact that CYP3A4 

and MOR1 are eo-induced (Scheutt et aI., 1996) the it is not unreasonable to assume that RPT 

also possesses the ability to induce P-gp. However, the induction potential of RPT .is less than 

RIF because of the intermittent dosing (Keung et aI., 1999) which would result in a net loss of 

P-gp induction over this study period. This loss of induction would therefore account for the 

occasional decline CLM and the increased exposure of the metabolite on the second dosing 

occasion. 

Furthermore gender was found to have a significant impact on the C~ET with females 

demonstrating a 35% lower value than their male counterparts. The weight differences 

between the two gender .groups could not account for the lower value which could point to an 

underlying genetiC variation. A previous study by Schuetz et a/. (1995) found that women 
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displayed only one-third to one-half the hepatic p;.gp levels of men. E'vidence from this study 

seems to support these findings and could account for the disparity between the genders. 

The results of the model validation for both parent drug and metabolite confirmed that the 

parameter estimates were consistent and stable because the 95% confidence intervals 

calculated by the objective function mapping and the bootstrap resampling were in dose 

agreement (Table 4.3 and 4.5). 

In conclusion,a population pharmacokinetic model for rifapentine and its d~cetylated 

metabolite was developed that incorporated the effect of weight on distribution and clearance 

parameters of the parent compound and the effect of gender on the clearance of he 

metabolite. Parameter estimates were in close agreement with those from the 

noncompartmental analysis and were consistent between individuals and between occasions. 
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Research summary, conclusions and future prospects 

In terms of morbidity and mortality, tUberculosis· is one of the world's most dangerous 

bacteriological diseases and seriousiy impacts on health and economic welfare in sub-Saharan 

Africa (Global Tuberculosis Controi, WHO Report 2003). This has been recognised by the global 

health "community and the acce/erationof discovery and development of a new 

anti mycobacterial agent has been initiated. Despite this, the earliest a new drug will be 

available is 2010 and until then the use of the therapeutic agents we have at our disposal 

needs to be optimised. 

Rifapentine holds an advantage over rifampicin with its extended half.life and intermittent 

dosing. This however is negated by the poor treatment outcomes when rifapentine is dosed 

together with isoniazid during the continuation phase of therapy (Aventis Pharmaceuticals, 

2000). The possible reasons for this are two-fold: firstly, rifapentineis highly protein bound 

(Reith et al, 1998) which only allows a small unbound fraction to penetrate into the site of 

infection. Secondly, a. suitable companion drug for rifapentine is lacking. The short half-life of 

isoniazid combined with the relatively 10ng haff-life of rifapentine essentially results in 

monotherapy for at least five of seven days during continuation phase therapy. This could 

account for the rifamycin monoresistance that emerged during the North American efficacy 

study (Vernon· et al., 1999). Although the outlook for further development of rifapentine is 

uncertain at this stage, there is a need for studies that are able to shed more light on why 

rifapentine has not performed as well as was initially expected. 

Our study was one of the first worldwide to effectively describe the pharmacokinetics of 

rifapentine in a representative tuberculosis patient population. Our objectives were as follows: 

1. 	 Obtain fun pharmacokinetic profiles of patients receiving rifapentine on two occaSions 

2. 	 Develop and validate a· high pressure liquid chromatography assay for the estimation of 

plasma concentratiOns of rifapentine and 25.:.desacetyl rifapentine 

3. 	 Describe plasma levels of rifapentine and the desacetyl metabolite using. traditional 

pharmacokinetic analysis 

4. 	 Develop a multi-compartmental model to describe the pharmacokinetics of rifapentine 

5. 	 Develop a multi-compartmental model to describe the pharmacokinetics of 25-desacetyl 

rifapentine 
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6. 	 Characterise the degree of interindividual variability in rifapentine and 25-desacetyl 

rifapentine serum levels present in a patient population 

7. 	 Compare the degree of variability in patient levels to the vartability observed in healthy 

volunteers for both the parent drug and metabolite 

8. 	 Identify potential factors influencing variation and quantify and describe their role 

All eight of the stated objectives were met. Pharmacokinetic samples were collected intensively 

from 45 patients on two occasions in just over four months. A new assay for the simple and 

rapid detection of rifapentine and 25--desacetyl rifapentine was developed and validated and 

proved to be less labour and time intensive than previous published methods. The 

development of a compartmental model describing the pharmacokinetics of rifapentine and the 

primary metabolite allowed us to characterise the degree of interindividuaJ, interoccasionaland 

residual variability present in our patient population as well as identify factors responsible for 

this variability. Once the clinical, laboratory and pharmacokinetic elements of the project were 

completed we were in a position to answer our research questions. 

1. 	What are the peak serum drug levels of rifapentine in a South African 

tuberculosispatientpopulation? 

The median peak serum levels observed in our patient population were 15;19 mgjL and 

15.56 mgjLon occaSions one and two respectively. A recent study published in February of 

this year by the Tuberculosis Trials Consortium (T8TC) (Weiner et aL, 2004) examined the 

pharmacokinetics in 35 patients receiving various doses (600 mg, 900 mg and 1200 mg) of 

rifapentine in conjunction with isoniazid during the continuation phase of therapy. Results 

from their study showed mean Cmax levels ranging from 12.2 mg/L for the 600 mg dose to 

14.6 mg/L for the 900 mg. dose and up to 18.6 mg/L for the 1200 mg dose. Elimination 

half-life was not significantly different across the dosage groups and was also similar to the 

value found in our patient population. Rifapentine AUCo..oo from the T8TC study was 

Significantly associated with plasma albumin concentration, gender and race. Results from 

our study were not linked to either dose or race. This finding was not unexpected as the 

dose patients in our study received was stratified according to weight and resulted in a 

narrow dose/kg range{:::: 15 mg/kg). Based on the median weight in the TBTe study {65 

kg) the dose/kg range possibly extended from 10 mgjkg to 20 mg/kg and could account for 

the differences observed in the three dosage groups. Gender differences were observed in 

both studies although there is disagreement with respect. to the aSsociation with plasma 
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albumin concentrations. This could point to a limitation in our study as the majority of our 

patients demonstrated albumin levels below the normal range; and secondly these 

concentrations were all within a narrow range. This lack of range could have prevented the 

elucidation of a difference, if indeed it does exist. 

A further important finding of the TBTC study was that" 54% of patients had unbound 

rifapentine and 25-desacetyl rifapentine concentrations detected for more than 36 hours 

afterthe clearance of concurrently administered isoniazid. The amount of free drug was not 

measured but rather calculated as 2% and 6.9% of total plasma rifapentine and metabolite 

concentrations respectively. This, however, is based on the assumption that the amount of 

free drug is consistent over the measured time period. Because rifapentine is extensively 

bound to serum albumin (Reith et aI., 1998) the possibility does exist that the serum 

protein becomes saturated at higher concentrations of parent drug and metabolite in 

tuberculosis patients, who, typically have lower albumin levels. This hypothesis requires 

further examination but would provide valuable insight because if it were true then 

rifapentine and 25-desacetyl rifapentine concentrations above a critical threshold would 

allow the possibility of additional unbound drug being able to circulate and penetrate into 

the site of infection. Even a 2% increase would double the amount of free drug available. 

Furthermore, it would shed light on the question if indeed the high protein binding is partly 

responsible for the limited therapeutic success of rifapentine. 

2. 	 What is the degree of variabilityin serum drug levels between individuals and 

between occasions? 

Variability in rifapentine pharmacokinetic parameters both between indiViduals on a single 

occasion and in a single individual between dosing occasions was found to be low. 

Interindividual variability in rifapentine Cmax and AUC calculated using the two-stage approach 

was less than 35%. lnterindividual variability in CL/F and V/F was close to 23% and the 

variability in these parameters between occasions was 16% • These values compare favourably 

to those observed in healthy volunteer studies with rifapentine where data was collected under 

more standardised conditions. When comparing these results to other studies involving 

rifampicin we see much higher coefficients of variation. These typically range from 30% 

(Peloquin et all 1997; Peloquin et al.I 1999) to 60% {Pargal and Rani, 2001) in healthy 

volunteers and could yet be higher in tuberculosis patients. Although this variability in 
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rifampicin pharmacokinetic metries has not yet been explicitly defined in a tuberculosis patient 

population the extensive hepatic, intestinal and autoinductive properties of rifampicin could 

provide an explanation for the disparity between itself and rifapentine. 

3. What are the factors that contribute to the variability? 

One of the main aims of this project was to desCribe and quantify the role of covariate factors 

that affect the pharmacokinetics ofrifapentine. Previous studies found that significant gender 

differences exist (Aventis Pharmaceuticals, 2000; Peloquin et al, 2004). Results from our data 

analysis found that the wejght difference between males and females is responsible for the 

discrepancy with the decreased CljF in females correlating to a decreased V/F. Furthermore 

gender differences were also found to· be significant with respect to the clearance of the 

metabolite. This could be linked to the lower levels of P-glycoprotein found in females (Schuetz 

et aI., 1995) which resuJts in a reduced biliary excretion. 

It is also interesting to note that HIV co-infection was not correlated to decreased serum levels. 

One has to question our relatively small numbers (14 HIV positive versus 22 HIV negative) and 

whether the analysiS was adequately powered to detect a difference. A study enrolling a larger 

number of patients is required to determine if indeed a difference does exist. Including 

subjects at various stages of HIV disease would further strengthen a study of this nature and 

would hopefully shed some light on why HIV positive subjects are at an increased risk of 

developing rifamycin monoresistance (Vernon et ali 1999) when receiving rifapentine during 

the continuation phase of therapy. 

In conclusion this thesis showed for the first time that in South African pulmonary tuberculosis 

patients rifapentine is well absorbed and shows limited variability, both between individuals 

and between occasions. These findings combined with the other advantages rifapentine holds· 

over rifampicin suggest that once an optimal dose and. companion drug are established, 

rifapentine may become the rifamycin of choice for the treatment of pulmonary tuberculosis. 

99 



Bibliography 




Bibliography 

Aarons L Population pharmacokinetics. Int J Clin Pharmacol Ther Toxicol 1992; 30(11):520

522. 

AcocellaG, Pagani V, Marchetti M, Baroni GC, Nicolis FB. Kinetic studies on rifampicin. I. Serum 

concentration analysis in subjects treate:l with different· oral doses over a period of two weeks. 

Chemotherapy 1971; 16(6):356-370. 

Acocella G, Mattiussi R, Segre G. Muificompartmenta'i analysis of serum, urine and bile 

concentrations of rifampicin and desacetyl-rifampicin in subjects treated for one week. 

Pharmacol Res Commun 1978; 10(3):271-288. 

Acocella G. Clinical pharmacokinetics of rifampicin. Clin Pharmacokinet 1978; 3(2):108-127. 

Arceci RJ, Baas F, Raponi R, Horwitz SB, Housman D, Croop JM. Multidrug resistance gene 

expression is- controlled by steroid hormones in the secretory epithelium of the uterus. Mol 

Reprod Oev 1990; 25(2):101-1Q9. 

Arias 1M, Che M, Gatrriaitari l, Leveille C, Nishida T, St Pierre M. The biology of the bile 

canaliculus, 1993. Hepatology 1993; 17(2):318-329. 

Arioli V, Berti M, carniti G, Randisi E, Rossi E, Scotti R. Antibacterial activity of DL 473, a new 

semisynthetic rifamycin derivative. J AntibiOt (Tokyo) 1981;34(8):1026-1032. 

Aventis Pharmaceuticals. Prittin (Package insert). 2000. 

Battaglia R, Pianezzola E, Salgarollo G, lini G, Strolin BM. Absorption, disposition and 

preliminary metabolic pathway of 14C-rifabutin in animals and man. J Antimicrob Chemother 

1990; 26(6):813-822. 

Beierle I, Meibohm B, Derendotf H. Gender differences in pharmacokinetics and 

pharmacodynamics.lnt J elin Pharmacol Ther 1999; 37(11):529-547. 

Benator 0, Bhattacharya M, Bozeman L, Burman W, Cantazaro A, Chaisson R et al. Rifapentine 

and isoniazid once a week versus rifampicin and isoniazid twice a week for treatment of drug

susceptible pulmonary tuberculosis in HIV-negative patients: arandomised clinical trial. Lancet 

2002; 360(9332):.528-.534. 

101 



Bibliography 

Berning SE, Huitt GA, Iseman MD, Peloquin CA. Malabsorption of antituberculosis medications 

by a patient with AIDS. N Engl J Med 1992; 327(25):1817-1818. 

Birmingham AT, Coleman AJ, Orme ML, Park BK, Pearson NJ, Short AH et al. Antibacterial 

activity in serum and urine following oral administration in man of DL473 (a cyclopentyl 

derivative of rifampicin) [proceedings]. Br J Clin Pharmacol 1978; 6(5):455P-456P. 

Breda M, -Benedetti MS, Bani M, Pellitzoni -C, Poggesi I,Briam::eschi G et 'aL Effect of rifabutin 

on ethambutol pharmacokinetics in healthy volunteers. Pharmacol Res 1999; 40(4):351-356. 

Burman WJ, GalHcano K, Peloquin C. Comparative pharmacokinetics and pharmacodynamics of 

the rifamycin antibacterials. Clin Pharmacokinet 2001; 40(5):327-341. 

Chan SL, Yew WW, Porter JHD. Comparison of Chinese and Wsetern rifapentines and 

improvement of bioavailability by prior taking of various meals. Int J Antimicrob Agents 1994; 

3:267-274. 

Chan ED, Iseman MD. Current medical treatment for tuberculosis. 8MJ 2002; 325(7375):1282

1286. 

Chapuis L, Ji B, Truffot-Pernot C, O'Brien RJ, Raviglione MC, Grosset JH. Preventive therapy of 

tuberculosis with rifapentine in immunocompetent and nude mice. Am J Respir Crit Care Med 

1994; 150(5 Pt 1):1355-1362. 

Choudhri SH, Hawken M, Gathua 5, Minyiri GO, Watkins W, Sahai J et al. Pharmacokinetics of 

antimycobacterial drugs in patients with tuberculosis, AIDS, and diarrhea. Clin Infect Dis 1997; 

25(1):104-111. 

Cole ST. Mycobacterium tuberculosis: drug-resistance mechanisms. Trends Microbiol 1994; 

2(10):411-415. 

Cole ST. Rifamycin resistance in mycobacteria. Res Microbiol1996; 147(1-2):48-52. 

Conte JE, Jr., Golden JA, McQuitty M, Kipps J, Lin ET, Zurlinden E. Single-dose intrapulmonary 

pharmacokinetics of rifapentine in normal subjects. Antimicrob Agents Chemother 2000; 

44(4):985-990. 

102 



Bibliography 

Cooper AM~ Orme 1M. Cytokines in immunity to tuberculosis. In: Ratledge C, Dale J, editors. 

Mycobacteria: molecular biology and virulence. Blackwell Science, 1999: 389-397. 

Corbett EL, Watt 0, Walker N, Maher 0, Williams BG, Raviglione MC et al. The growing burden 

of tuberculosis: global trends and interactions with the HIV epidemic. Arch Intern Med 2003; 

163(9):1009-1021. 

Dick J, Pekeur P. An investJgation into the workload and workpatterns of clinic nurses at a local 

authority clinic. CHASA J Compr Health 1995; 6:4-10. 

Dickinson JM, Mitchison DA. In vitro activity of new rifamycins against rifampicin-resistant M. 

tuberculoSiS and MAIS-complex mycobacteria. Tubercle 1987; 68(3):177-182. 

Dickinson JM, Mitchison DA. In vitro properties of rifapentine(MOL473) relevant to its use in 

intermittent chemotherapy of tuberculosis. Tubercle 1987; 68(2):113-118. 

Dickinson JM, Mitchison DA. In vitro observations on the suitability of new rifamycins for the 

intermittent chemotherapy of tuberculosis. Tubercle 1987; 68(3):183-193. 

Division of Pharmacology ucr. South African Medicines Formulary. 6th ed. Health and Medical 

Publishing Group, 2003. 

Easmon C5, Crane JP. Comparative uptake of rifampicin and rifapentine (DL473) by human 

neutrophils. J Antimicrob Chemother 1984; 13(6):585-591. 

Ellard GA, Fourie PB. Rifampicin bioavailability: a review 'of its pharmacology and the 

chemotherapeutic necessity for ensuring optimal absorption. Int J Tuberc Lung Dis 1999; 

3(11):5301-5308. 

Ette £1. Stability and performance of a population pharmacokinetic model. J Clin Pharmacol 

1997; 37(6):486-495. 

Ette Eli Williams PJ, Kim YH, Lane JR, Liu MJ, Capparelli EV. Model appropriateness and 

population pharmacokinetic modeling. J Cljn Pharmacol 2003; 43(6):610-623. 

103 



Bibliography 

FDA. Guidance for Industry: Population Pharmacokinetics. 1999. Rockville MD, U,S.Food and 

Drug Administration, Department of Health and Human Services. 

Fletcher CVI Acosta EP, Strykowski JM. Gender differences in human pharmacokinetics and 

pharmacodynamics. J Adolesc Health.1994;15(8):619-:629. 

FOX W. The problem of self-administration of drugs; with particular reference to pulmonary 

tuberculosis. Tubercle 1958; 39(5):269-274. 

Friberg l. Pharmacokinetic-Pharmacodynamic ModeUJogof Anticancer Drugs: Hematological 

toxicity and tumour response in .hollow fibres. Uppsala University, 2003. 

Gant TW; O'Connor CK, Corbitt RI Thorgeirsson U, Thorgeirsson 55. In vivo induction of liver P

glycoprotein expression by xenobiotics in monkeys. Toxicol Appl Pharmacol 1995; 133(2):269

276. 

Geick AI Eichelbaum M, Burk. O. Nuclear receptor response elements mediate induction of 

intestinal MDRl by rifampin. J Bioi Chem 2001; 276(18):14581-14587. 

Gibaldi M, Perrier D. Pharmacokinetics. New York/Basel: Marcel Dekker Inc., 1982. 

Gordon SM, Horsburgh CR, Jr'l Peloquin CAl Havlik JA, Jr., Metchock BI Heifets l et al. low 

serum levels of oral anti mycobacterial agents in patients with disseminated Mycobacterium 

avium complex disease. J Infect Dis 1993; 168(6):1559-1562. 

Greiner BI Eichelbaum MI Fritz PI Kreichgauer HPI von Richter 0, Zundler] et al. The role of 

intestinal P-glycoprotein in the interaction of digoxin and rifampin. J Clin Invest 1999; 

104(2):147-153. 

He X, Wang J, Liu X, Chen X. High-perfol111'ance liquid chromatography assay of rtfapentine in 

human serum. J Chromatogr B Biomed App11996; 681(2):412-415. 

Heym 8, Alzari PM, Honore NI Cole ST. Missense mutations in the catalase-peroxidase gene, 

katG, are associated with isoniazid resistance in Mycobacterium tuberculosis. Mol Microbiol 

1995; 15(2):235-245. 

104 



Bibliography 

Hoffmeyer 5, Burk 0, von Richter 0, Arnold HP, Brockmoller J, Johne A et al. Functional 

polymorphisms of the human multidrug-resistance gene: multiple sequence variations and 

correlation of one allele with P-glycoproteinexpression and activity in vivo.ProcNatl Acad Sci 

USA 2000; 97(7):3473-3478. 

Holford NH, Peace KE. Results and validation of a population pharmacodynamic model for 

cognitive effects in Alzheimer patients treated with tacrine. Proc Natl Acad Sci USA 1992; 

89(23):11471-11475. 

Hong Kong Chest Service/British fvledical Research Council. Controlled trial of 2, 4, and 6 

months of pyrazinamide in 6,..month, three-times-weekly regimens for smear-positive 

pulmonary tuberculosis, including an assessment of a combined preparation of isoniazid, 

rifampin, and pyrazinamide. Results at 30 months. Am Rev Respir Dis 1991; 143(4 Pt 1):700

706. 

Hsing 5, Gatmaitan Z, Arias 1M. The function of Gp170, the multidrug-resistance gene product, 

in the brush border of rat intestinal mucosa. Gastroenterology 1992; 102(3):879-885. 

1atsimirskaia E, Tulebaev 5, 5torozhuk E, Utkin I, Smith D, Gerber 1\1 et at "Metabolism of 

rifabutin in human enterocyteandliver microsomes: kinetic parameters, identification of 

enzyme systems, and drug interactions with macrolides and antifungal agents. Clin Pharmacol 

Ther 1997; 61(5):554-562. 

Jamis-Dow CA, Katki AG, Collins JM, Klecker RW. Rifampin and rifabutin and their metabolism 

by human liver esterases. Xenobiotica 1997; 27(10):1015-1024. 

Ji B, Truffot-Pemot C, Lacroix C, Raviglione Me, O'Brien RJ, Olliaro Petal. Effectiveness of 

rifampin, rifabutin, and rifapentine for preventive therapy of tuberculosis in mice. Am Rev 

Respir Dis 1993; 148(6 Pt 1):1541-1546. 

Ji B, Lounis N, Maslo C, Truffot-Pernot C, Bonnafous P, Grosset J. In vitro and in vivo activities 

of moxifloxacin and c1inafloxacin against Mycobacterium tuberculosis. Antimicrob Agents 

Chemother 1998; 42(8):2066-2069. 

105 



Bibliography 

Jonsson EN, Karlsson MO. Xpose--an S-PLUS based population 

pharmacokinetic!pharmacodynamic model building aid for NONMEM. Comput Methods 

Programs Biomed 1999; 58(1):51-64. 

Karlsson MO, 5heiner LB. The importance of modeling interoccasion variability in population 

pharmacokinetic analyses. J Pharmacokinet Biopharm 1993; 21(6):735-750~ 

Kenny MT, 5trates B. Metabolism and pharmacokinetics of the antibiotic rifampin. Drug Metab 

Rev 1981; 12(1):159-218. 

Kenny MT, Reynolds Dl, Brackman MA, Dulworth JK. Comparison of biological and chemical 

assays for the quantitation of rifapentine in human plasma. Diagn Microbiol Infect Dis 1997; 

27(4): 107-111. 

Kerbusch T, Wahlby U, Milligan PA, Karlsson MO. Population pharmacokinetic modelling of 

darifenacin and its hydroxylated metabolite using pooled data, incorporating saturable first

pass metabolism, CYP2D6 genotype and formulation-dependent bioavailability. Br J Clin 

Pharmacol 2003; 56(6):639-652. 

Keung AI Miller fb, Green VI, Ames M, Eller MG, Weir 5J. Bioavailability (BA) and food effect 

study of rifapentine in healthy adults. Pharm.Res. 12, 5419. 1995. 

Keung A, Eller MG,McKenzie KA, Weir SJ. Single and multiple dose pharmacokinetics of 

rifapentine in man: part II. Int J Tuberc lung Djs 1999; 3(5):437-444. 

Keung A, Reith K, Eller MG, McKenzie KA, Cheng L, Weir SJ. Enzyme induction observed in 

healthy volunteers after repeated administration of rifapentine and its lack of effect on steady

state rifapentine pharmacokinetics: part I. Int J Tuberc lung DiS 1999; 3(5):426-436. 

Keung ACt Eller MG, Werr 5J. Single-dose pharmacokinetics of rifapentine' in women. J 

Pharmacokinet Biopharm 1998; 26(1):75-85. 

Keung AC, Eller MGI Weir SJ. Single-dose pharmacokinetics of rifapentine in elderly men. 

Pharm Res 1998; 15(8):1286-1291. 

106 



Bibliography 

Keung AC, Eller MG, Weir 51. Pharmacokinetics of rifapentine in patients with varying degrees 

of hepatic dysfunction. J ClinPharmacol 1998; 38(6):517-524. 

Keung AC,Owens RC, Jr./Eller MG, Weir SJ, Nicolao DP, Nightingale CH. Pharmacokinetics of 

rifapentine in subjects seropositive for the human Jmmunodefidency virus: a phase I study. 

Antimicrob Agents Chemother 1999; 43(5):1230-1233. 

KimerlingME, Phillips P, Patterson P, Hall M, Robinson CA, Dunlap NE. Low serum 

anti mycobacterial drug levels in non-HIV-infected. tuberculosis patients. Chest 1998; 

113(5):1178-1183. 

Lee RL,Mikusova K, Brennan PJ, Besra GS. Synthesis of the mycobacterial arabinose donor ~

D-arabinofuransyl-l-monophosphonyldecaprenol, development of a basic arabinosyl

transferase assay, and identification of ethambutol as an arabinosyl transferase inhibitor. J 

Amer Chem Soc 1995; 117:11829-11832. 

Lee HS, Shin HC, Han 55, Roh JK. High-performance liquid .chromatographic determination .of 

rifapentine in serum using column switching. J Chromatogr 1992; 574(1):175-178. 

Lee KH, Shin JG, Chong WS, Kim 5, Lee JS, Jang Il et al. Time course of the changes in 

prednisolone pharmacokinetics after co-administration or discontinuation of rifampin. Eur J Clin 

Pharmacol 1993; 45(3):287-289. 

Lehmann JM, fvJcKee DO, Watson MA, Willson TM, Moore IT, Kliewer SA. The human orphan 

nuclear receptor PXR is activated by compounds that regulate CYP3A4 gene expression and· 

cause drug interactions. J Clin Invest 1998; 102(5):1016-1023. 

Leinweber FJ. Possible phySiological roles of carboxylic ester hydrolases. Drug Metab Rev 1987; 

18(4):379-439. 

lenaerts AM, Chase SE, Chmiefewsk1 AJ, CynamonMH. Evaluation of rifapentine in long-term 

treatment regimens for tuberculosis in mice. Antimicrob Agents Chemother 1999; 43(10):2356

2360. 

Lepetit Research Centre. Rifapentine: bioavailability of film-coated tablets, suspension and 

solution after a standard meal. DRC 364. 1988. Gerenzano, Italy. 

107 



Bibliography 

Uu J, Barry CE I, Nikaido H. CeU wall: physical structure and permeability. In: Ratledge C, Dale 

J, editors. Mycobacteria: molecular biology and virulence. Blackwell Science, 1999: 220-239. 

Uu J, Takiff HE, Nikaido H. Active efflux of fluoroquinolones in Mycobacterium smegmatis 

mediated by UrA, a multidrugefflux pump. J Bacteriol 1996; 178(13):3791-3795. 

Loo TW, Clarke OM. Merck Frosst Award Lecture 1998. Molecular dissection of the human 

multidrug resistance P-glycoprotein. Biochem Cell Bioi 1999; 77(1):11-23. 

Loudon RG, Roberts RM. Droplet expulsion from the respiratory tract. Am Rev Respir Dis 95, 

435-442. 1967. 

Lounis N, Bentoucha A, Truffot-Pernot C, Ji B, O'Brien RJ, Vernon A et al. Effectiveness of 

once-weekly rifapentine and moxifloxacin regimens against Mycobacterium tuberculosis in 

mice. Antimicrob Agents Chemother 2001; 45(12):3482-3486. 

Lown KS, Kolars Je, Ghosh M, Schmiedlin-Ren P, Watkins PB. Gastroenterology 110, A344. 

1996. 

Lown KS, Mayo RR, Leichtman AB, Hsiao HL, Turgeon OK, Schmiedlin-Ren Petal. Role of 

intestinal P-glycoprotein (mdr1) ininterpatient variation in the oral bioavailability of 

cyclosporine. Clin Pharmacal Ther 1997; 62(3):248-260. 

Maitre PO, Buhrer M, Thomson 0, Stanski DR. A three-step approach combining Bayesian 

regression and NONMEM population analysis: application to midazolam. J Pharmacokinet 

Biopharm 1991; 19(4):3n-384. 

Mandema JW, Verotta 0, Sheiner LB. Building population pharmacokinetic--pharmacodynamic 

models. 1. Models for covariate effects. J Pharmacokinet Biopharm 1992; 20(5):511-528. 

Mcllleron H, Wash P, Burger A, Folb P, Smith P. Widespread distribution of a Single drug 

rifampidn formulation- of inferior bioavailability in South Africa. lnt 1 Tuber:c Lung Dis 2002; 

6(4):356-361. 

108 



Bibliography 

Mehta JB, Shantaveerapa HI Byrd RPI Jr., Morton SE, Fountain F, Roy TM. Utility of rifampin 

blood levels in the treatment and follow-up of active pulmonary tuberculosis in patients who 

were slow to respond to routine directly observed therapy. Chest 2001; 120(5):1520-1524. 

Minnikin DE. lipids: complex lipids, their chemistry, biosynthesis, and roles. In: Ratledge C, 

Stanford J, editors. The biology of the mycobacteria. London Academic Press, 1982: 95-184. 

Mitchison DA. Development of rifapentine: the way ahead. lnt j Tuberc Lung Dis 1998; 

2(8):612-615. 

Miyazaki E, Miyazaki M, Chen JM, Chaisson REI Bishai WR. Moxifloxadn (BAY12-8039), a new 

8-methoxyquinolonel is active in a mouse model of tuberculosis. Antimicrob Agents Chemother 

1999; 43(1):85-89. 

Moghazeh SL, Pan X, Arain T, Stover CKI Musser JM, Kreiswirth BN. Comparative 

antimycobacterial activities of rifampin, rifapentine; and KRM-1648 against a collection of 

rifampin-resistant Mycobacterium tuberculosis isolates with known rpoB mutations. Antimicrob 

Agents Chemother 1996; 40(11):2655-2657. 

Mor N, Simon B, Mezo N, Heifets L. Comparison of activities of rifapentine and rifampin against 

Mycobacterium tuberculosis residing in human macrophages. Antimicrob Agents Chemother 

1995; 39(9):2073-2077. 

Narang PK, Lewis RC, Bianchine JR. Rifabutin absorption in humans: relative bioavailability and 

food effect. Clin Pharmacol Ther 1992; 52(4):335-341. 

Nrkaido H, Kim SH, Rosenberg EY. Physical organization of lipids in the cell wall of 

Mycobacterium chelonae.Moi Microbiol1993; 8(6):1025-1030. 

Nikaido H. Multidrug efflux pumps of gram-negative bacteria. J Bacteriol 1996; 178(20):5853

5859. 

Panchagnufa R, Sood AI Sharda N, Kaur K, Kaul CL. Determination 'of rifampicin and its main 

metabolite in plasma and urine in presence of pyrazinamide and isoniazid by HPLC method. J 

Pharm Biomed Anal 1999; 18(6):1013-1020. 

109 



Bibliography 

Pargal A, Rani S. Non-linear pharmacokinetics of rifampicin in healthy Asian Indian volunteers. 

Int J Tuberc Lung Dis 2001;5(1):70-79. 

Pascual A, Tsukayama 0 1 Kovarik JI Gekker G, Peterson P. Uptake and activity of rifapentine in 

human peritoneal macrophages and polymorphonuclear leukocytes. Eur J Clin Microbiol .1987; 

6(2):152-157. 

Patel1<B, Belmonte RI Crowe HM.· Drug ma'iabsorption and resistant tuberculosis in HIV

infected patients. N Engl J Med 1995; 332(5):336-337. 

Peloquin CAl MacPhee AA, Berning SE. Malabsorption of antimycobacterial medications, N Engl 

J Med 1993; 329(15):1122-1123. 

Peloquin CA,Nitta ,ATI Burman WJ,Brudney -KF, Miranda-Massari JR, McGuinness ME et at. low 

antituberculosis drug concentrations in ,patients with ..AIDS. Ann Pharmacother 1996; 

30(9):919-925. 

Peloquin CA. Using therapeutic drug monitoring to dose the antimycobacterial drugs. Clin Chest 

.Med 19.9.7; 18(1):79-87. 

Peloquin CAl Jaresko GS, Yong CL, Keung ACI Bulpitt AEI Jelliffe RW. Population 

pharmacokinetic modeling of isoniazid, rifampinl and pyrazinamide. Antimicrob Agents 

Chemother 1997; 41(12),:2670-2679. 

Peloquin CAl Bulpitt AEI Jaresko GSI Jelliffe RW, James GTI Nix DE. Pharmacokinetics of 

pyrazinamide under fasting· conditions, with food, and with antaCids. Pharmacotherapy 1998; 

18(6):1205-1211. 

Peloquin CA, NaiTIdar RI Singleton MOl Nix DE. Pharmacokinetics of rifampin under fasting 

conditions/ with food, and with antacids. Chest 1999;.115(1):12-18 . 

. 'Peloquln CA, Namdar R, Dodge M, Nix DE. Pharmacokinetics of isoniazid under fasting 

conditions, with food, and with antaCids. Int J Tuberc Lung Dis 1999; 3(8):703-710. 

110 



Bibliography 

Peloquin CA, Benator D, Hayden K, Pizzano D. Low rifapentine, riafmpin and isoniazid plasma 

levels are not predicted by clinical and demographic variables. ATS 97th International 

Conference B90, 118. 2001. 

Perez-Urizar J, Granados-Sato V, Flores-Murrieta FJ, castaneda-Hernandez G. Pharmacokinetic

pharmacodynamic modeling: why? Arch Med Res 2000; 31(6):539-545 . 

.	Polasa K, Krishnaswamy K. Effect of food on bioavailability of rifampicin. J Clin Pharmacal 

1983; 23(10):433-437. 

Ranaldi G, Islam K, Sambuy Y. Epithelial cells in culture as a model for the intestinal transport 

of antimicrobial agents. Antimicrob Agents Chemother 1992; 36(7):1374-1381. 

Raynaud C, Laneelle MA, Senaratne RH, Draper P, LaneelleG, Daffe M. Mechanisms -of 

pyrazinamide resistance in mycobacteria: importance of lack of uptake in addition to lack of 

pyrazinamidase activity. Microbiology 1999; 145(Pt 6):1359-1367. 

Reith K, Keung A, Toren PC, Cheng L, EllerMG, Weir SJ. Disposition and metabolism of 14C

rifapentine in healthy volunteers. Drug Metab Dispos 1998; 26(8):732-738. 

Riley RL, Mills CC, Nyka W, Weinstock N, Storey PB, Sultan LU et al. Aerial dissemination of 

pulmonary tuberculosis: a two-year study of contagion in a tuberculOSiS ward. Am JHygiene 

70, 185-196. 1959. 

Riva E, Merati R, cavenaghi L. High-performance liquid chromatographic determination of 

rifapentine and its metabolite in human plasma by direct injection into a shielded hydrophobic 

phase column. J Chromatogr 1991; 553(1-2):35-40. 

Russell DG, Sturgill-Koszycki S, Vanheyningen T, Collins H, Schaible UE. Why intracellular 

parasitism need not be a degrading experience for Mycobacterium. Philos Trans R Soc Lond B 

Bioi Sci 1997; 352(1359):1303-1310. 

Russell DG. Mycobacterium and the seduction of the macrophage. In: Ratledge C, Dale J, 

editors. Mycobacteria: Molecular biology and virulence. Blackwell Science, 1999: 371-388. 

111 



Bibliography 

Sahai J, Gallicano K, Swick L, Tailor S, Garber G, Seguin let al. Reduced plasma concentrations 

of antituberculosis drugs in patients with HIV infection. Ann Intern Med 1997; 127(4):289-293. 

Schuetz EG, Furuya KN, Schuetz JO. 1nterindividual variation in expression of P-glycoprotein in 

normal human liver and secondary hepaticneopiasms. J Pharmacol Exp Ther 1995; 

275(2): 1011-1018. 

Schuetz EG,Schinkel AH, Reiling MV, Schuetz JO. P-glyc0protein: a major determinant of 

rifampicin-inducible expression of cytochrome P4503Ain mice and humans. ProcNatl Acad Sci 

USA 1996; 93(9):4001-4005. 

Seree E, Villard PH, Hever A, Guigal N, Puyoou F, Charvet B etal. Modulation of MOR1 and 

CYP3A expression by dexamethasone: evidence forar! inverse regulation in adrenals.Biochem 

Biophys Res Commun 1998; 252(2):392-395. 

Sheiner LB, Beal S.L. NONMEM Users Guide, Part V. San Francisco, CA; .University .of california, 

San Francisco, 1998. 

Sheiner LB, Ludden TM. Population pharmacokinetics/dynamics. Annu Rev Pharmacol Toxicol 

1992; 32:185-209.:185-209. 

Siegler 01, Bryant M, Burley OM, Citron KM, Standen SM. Effect of meals on r4fampic4n 

absorption. Lancet 1974; 2(7874); 197-198. 

Singapore Tuberculosis Service/British Medical Research Council. Controlled trial of intermittent 

regimens of rifampicin plus isoniazid for pulmonary tuberculosis in· Singapore. Lancet 1975; 

2(7945):1105-1109. 

Skinner MH, Hsieh M, Torseth J, Pauloin D, Bhatia G, Harkonen S et a!. Pharmacokinetics of 

rifabutin. Antimicrob Agents Chemother 1989; 33(8):1237-1241. 

Skinner MH, Blaschke TF. Qinical pharmacokinetics of rifabutin. Clin Pharmacokinet 1995; 

28(2):115-125. 

112 



f3jb/iography 

Sreevatsan S, Stockbauer KE, Pan X, Kreiswirth BN, Moghazeh SL, Jacobs WR, Jr. et aL 

Ethambutol resistance in Mycobacterium tuberculosis: critical role of embB mutations. 

Ant~microb Agents Chemother 1997; 41(8):1677-1681. 

Sreevatsan S, Pan X, Zhang V, Kreiswirth BN, Musser JM. Mutations associated with 

pyrazinamide reSistance in pncA of Mycobacterium tuberculosis complex organisms. Antimicrob 

Agents Chemother 1997; 41(3):636-640. 

Stass H, Kubitza D. PharmacokinetiCs and elimination of moxifloxacin after oral and intravenous 

administration in man. J Antimicrob Chemother1999; 43 Stlppl B:83-90.:83-90. 

Steimer J.-L Population -models and methods, with emphasis on pharmacokinetics. In: 

Rowland M., Aarons L., editors. New strategies in drug development and clinical evaluation: the 

population approach. Brussels: Commision of the European Communities, 1992. 

Strolin BM, Efthymiopoulos C, Sassella D,Moro £, Repetto M. Autoinduction of rifabutin 

metabolism in man. Xenobiotica 1990; 20(11):1113-1119. 

Tam CM, Chan SL, Lam CW, Dickinson JM, Mitchison DA. Bioavailability of Chinese rifapentine 

during a clinicaltrial in Hong Kong. lnt J Tuberc Lung Dis 1997; 1(5):411-416. 

Tam CM, Chan SL, Lam CW, Leung ee, Kam KM, Morris JS et al. Rifapentine and isoniazid in 

the continuation phase of treating pulmonary tuberculosis. Initial-report. Am J Respir Crit Care 

Med 1998; 157(6 pt 1):1726-1733. 

Tam CM, Chan SL, Kam KM, Sim E, Staples 0, Sole KMet at Rifapentineandisoniazid in the 

continuation phase of a 6-:month regimen. Interim report: no activity of isoniazid in the 

continuation phase. lnt J Tuberc Lung Dis 2000; 4(3):262-267. 

Tam CM, Chan Sly .!<am KMy Goodall Rlr .Mitchison OA. Rifapentine and isoniazid in the 

continuation phase of a 6-month regimen. Final report at 5 years: prognostic value of various 

measures. lnt J Tuberc Lung Dis 2002; 6(1):3-10. 

Taylor 8, Smith PJ. Does AIDS impair the absorption of antituberculosis agents? lnt J Tuberc 

Lung Dis 1998; 2(8):670-675. 

113 



Bibliography 

Temple ME, Nahata MC. Rifapentine: its role in the treatment of tuberculosis. Ann 

Pharmacother 1999; 33:1203-1210. 

Trapnell CB, Jamis-Dow C, Klecker RW, Collins JM. Metabolism of rif'abutin and its 25-desacetyl 

metabolite, LM565, by human liver microsomes and recombinant human cytochrome P-450 

3A4: relevance to clinical interaction with fluconazole. Antimicrob Agents Chemother 1997; 

41(5):924-926. 

U.S Food and Drug Administration. Guidance for industry: Bioanalytical Method Validation. 

2001. 

van Crevel R, Alisjahbana B, de Lange WC, Borst F, Danusantoso H, van der Meer JW et al. 

Low plasma concentrations of rifampicin in tuberculosis patients in Indonesia. Int J Tuberc 

Lung Dis 2002; 6(6):497-502. 

Vernon .A, Burman Wr Senator D, Khan A, Bozeman L Acquired rifamycin monoresistance in 

patients with HIV-related tuberculosis treated with once-weekly rifapentine and isoniazid. 

Tuberculosis Trials Consortium. Lancet 1999; 353(9167):1843-1847. 

Verotta D. Building population pharmacokinetic-phantiacodyriamic modelS using treeS. In: 

Aarons L., editor. The population approach: measuring and managing variability in response, 

concentration and dose. Brussels: COmmission of the European Communities, 1997. 

Wahlby U, Jonsson EN, Karlsson MO. Assessment of actual significance levels for covariate 

effects in NONMEM. J Pharmacokinet Pharmacodyn 2001; 28(3):231-252. 

Wahlby U, Bouw MR, Jonsson EN, 1<arlsson 'MO. Assessment of type I error rates for the 

statistical sub-model in NONMEM. J Pharmacokinet Pharmacodyn 2002; 29(3):251-269. 

Wahlby U. Methodological Studies on Covariate Model Building in Population pharmacokinetic

Pharmacodynamic Analysis. Uppsala University, 2002. 

Waters MF, Rees RJ, McDougall AC, WeddeU AG. Ten years of dapsone in lepromatous leprosy: 

clinical, bacterioJogical and histologicaJ assessment and the finding of Viable leprosy bacilli. Lepr 

Rev 1974; 45(4):288-298. 

114 



Bibliography 

Webb V, Davies J. Antibiotics and antibiotic resistance in mycobacteria. In: Ratledge C, Dale J, 

editors. Mycobacteria: molecular biology and virulence. Blackwell Science, 1999: 287-306. 

Weiner M, Bock N, Peloquin CA, Burman WJ, Khan A, Vernon A et al. Pharmacokinetics of 

Rifapentine 600, 900 arid 1,200 mg during Once-Weekly Tuberculosis Therapy. Am J Respir 

Crit care Med 2004. 

Wells WF. On air-borne infection: study II, droplets and droplet nuclei. Am J Hygiene 20, 611

618.1934. 

WHO. World Health Organisation Global Tuberculosis Programme. An expanded DOTS 

framework for effective tuberculosis control. (WHOjCDS/TBj2002.297) ed. 2002. 

Wilkinson D. High-compliance tuberculosis treatment programme in a rural community. Lancet 

1994; 343(8898):647-648. 

Zent C, Smith P. Study of the effect of concomitant food on the bioavailability of rifampicin, 

isoniazid and pyrazinamide. Tuber Lung Dis 1995; 76(2):109-113. 

Zhang Y, Heym B, Allen B, -Young 0, COle'S. The catalase-peroxidase gene and isoniazid 

resistance of Mycobacterium tuberculosis. Nature 1992; 358(6387):591-593. 

Zhao JY, Ikeguchi M, Eckersberg T, Kuo MT. Modulation of multidrug resistance gene 

expression by dexamethasone in cultured hepatoma cells. Endocrinology 1993;133(2):521

528. 

115 




Appendix 1 


Clinical Protocol, Information leaflet 
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Clinical Pro/X)col 

Appendix 1.1 Protocol Outline 

Title 

Investigation of interindividual variation in rifapentine plasma levels in patients at DP Marais 

Hospital. 

Aim 

Our aim is to describe the pharmacokinetics of two consecutive doses of rifapentine equivalent 


to 15 mgJkg in pulmonary tuberculosis patients during the intensive phase of treatment and 


. investigate whether the values of the parameters obtained are reproducible between 


individuals and between occasions. 

Objectives 

• 	 Obtain a full plasma pharmacokinetic profile of patients receiving rifapentine on two 

occasions 

• 	 Characterise the degree of interindividual variability in rifapentine serum levels present in a 

clinic patient population 

• 	 Compare the degree of variability in rifapentine levels to the variability observed in healthy 

volunteers 

• 	 Identify potential factors influencing variation 

• 	 Quantify and deSCribe the role of determining factors 

Sample size 

60 volunteers, 18 years and older 

Medication/dosage 

INN: Rifapentine 

Trade Name: Priftin@ 

Dosage form: 150 mg film coatedtab1et 

Dose: 28-35kg 450 mg 
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36-45kg 600mg 

46-55kg 750mg 

>56kg 900mg 

Batch: All of the same batch to be supplied by Aventis 

Route: Oral 

Duration of treatment: singie·dose 

Safety data 

L 	 Clinical examination at screening 

2. 	 Vital functions 

Blood pressure, heart rate and temperature at screening and before each drug 

administration 

3. 	 Recording of adverse events: throughout the study 

4. 	 Laboratory tests 

- ASTI ALTI API Total bilirubin: 

- Haematology, full blood count and differential: on first study day 

- Urine screen for drug abuse 

- HIV test 

Assay method 

Concentrations of rifapentine and the active metabolite, S-desacetyl rifapentine, in prasma and 

urine; by HPLC methods 

Study durations and dates 

Clinical part of study April 2003 to August l003 

Study design 

A prospective cohort pharmacokinetic study will be carried out by the Toberculosis Unit of the 

Department of Pharmacology, University of cape Town, 

Our method requires that subjects who have been on a multiple drug regimen including 

rifampicin have a single 600 mg rifampicin dose replaced with a 15 mg/kgdose ofrifapentine 
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on the day of the study. The patients. will then receive their usual TB treatment minus 

rifampicin for the next three days. On day four they would be required to repeat the procedure 

·andallow for sampling on "a second occaSion. 

Patients who have been receiving daily antimycobacterial treatment containing rifampicin for a 

period of not less than 4 weeks and not more than 6 weeks will be recruited from DP Marais 

Hospital. This allows the patients to be suitably induced and relatively stable. The patients will 

be sampled in their wards on the respective study days. 

A group of patients will be recruited over a three-week period. The study protocol will be 

discussed with them one week after they have been diagnosed with pulmonary tuberculosis 

and have started taking their antimycobacterial therapy. 

Table 3. Proposed method of recruitment of patients over a three-week period. 

Week 
1 2 3 4 5 6 7 8 

Diagnosis Recruitment 
Diagnosis Recruitment 

Diagnosis Recruitment 
Sampling Sampling 

Selection ofsubjects 

Because data regarding the variability between patients receiving rifapentine is.not available to 

us, an estimation of sample size was made using the variability observed in patients receiving 

rifampicin. Using a pilot study of 12 patients it was estimated that 30% of patients would have 

variable serum levels of rifampicin across different sampling occasions. Therefore, to achieve a 

90% confidence interval, it was estimated that 60 patients would be required. 

A group of 60 patients will be recruited over a twenty-week period. The study protocol will be 

discussed with them one week after they have been diagnosed with pulmonary tuberculosis 

and have started taking their antimycobacterial therapy. After 15 patients have been sampled, 

an interim analysis will be carried out. The preliminary information on variability will make it 

possible to antiCipate certain flaws in study design as well as informative ones. It will also allow 

us to optimise design features for accurate and precise estimation of population 

pharmacokinetic parameters and final sample size. 
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Inclusion criteria 

Patients meeting all of the following criteria wm be considered for admission to the study: 

• 	 Patients diagnosed with pulmonary tuberculosis 

• 	 Patients that have been receiving antimycobacterial therapy (including rifampicin) for 

not less than 4 weeks and no morethan 6 weeks . 

• 	 Between 18 and 65 years of age 

• 	 Patients have given their written informed consent to participate in the study 

Informed consent must be obtained for all subjects before enrolment in the study. 

Exclusion criteria 

• 	 History of hypersensitivity to any rifamycin antibiotics 

• 	 Known resistance to rifampicin before study initiation 

• 	 Contraindication to multiple blood sampling, e.g.. mental confusion or poor venous 

access 

• 	 Blood donation of more than 500ml during the previous month 

• 	 Mental capacity is limited to the extent that the subject cannot provide legal consent or 

information regarding the side effects or toferanceof the study drug 

• 	 Subject unlikely to comply with protocol, e.g. uncooperative attitude, inability to return 

for follow-up visits, and unlikely to complete the study 

Any waiver of these inclusion and exclusion criteria must be approved by the investigator on a 

case-by-case basis prior to enrolling the subject. This must be documented by the investigator. 

No subject will be allowed to enrol in this study more than once. 

Study Treatments 

DetailS of study treatments 

Dosage form 

INN: Rifapentine 

Trade Name: Priftin@ 
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Dosage form: 150mg film coated tablet 

Dose: 28-35kg . 450 mg 

36-45kg 600 mg 

46-:-55.kg 750 mg 

>56kg 900 mg 

Batch: All of the same batch to be supplied by Aventis 

Route: Oral 

Duration of treatment: Single dose 

At each of the two treatment periods each subject will receive a single dose of Priftin® after 

ingestion of a low fat, high fluid content breakfast (soup based). 

Dosage schedule 

Each subject will receive two treatments. After an overnight fast, subjects will eat a 

standardised meal on the day of drug administration. A single dose of Priftin® will be 

swallowed with 100miof water 30 minutes later. 

Details of the exact dose and time of medication will be documented in the case report form. 

Treatment assignment 

The study medication will be administered only to subjects included in this study following the 

procedures set out in this protocol. 

After fulfilling the inclusion and exclusion criteria, subjects will be numbered consecutively from 

1 to 60. Each subject must be given only the medication carrying his/her number. Subjects 

withdrawn from the study retain their subject number. New and replacement subjects will 

always be assigned a new subject number. 

Packaging,and labelling 

The study medication will be labelled and packed in the Pharmacology Division of the 

University of Cape Town at Groote Schuur Hospital. 

For each subject, the packaging wilt be labelled as follows: 
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M00002707 - GL24 

RPTDose 

Subject number 

Treatment period tee. visit lor 2 

Two sets of replacement treatments for each weight bracket will be prepared, except that the 

labels will mention neither subject nor visit number. The investigators will supervise 

administration of the study medication. 

Supplies and accountability 

The investigator will keep an inventory and acknowledge -receipt of all shipments of study 

medication. The study medication will be stored in accordance with the manufacturer's 

instructions. The investigator will also keep records of the quantities of study medication 

dispensed and used by each subject. At the conclusion of the study all unused study 

medication wilt be returned to Aventis. 

Prior and concomitant illnesses and treatment 

Prior and concomitant illnesses 

This study will be performed in patients diagnosed with pulmonary tuberculosis. Illnesses first 

occurring or detected during the study are to be regarded as adverse events and must be 

documented as such in the case report form. 

Prior and concomitant treatments 

Any treatment that is given in additton to the study treatment during the study is regarded as a 

concomitant treatment and must be documented in the case report form. If the administration 

of any concomitant treatment becomes necessary, it must be reported in the case report form 

and in the subject's medical records. As far as pOSSible, no changes (dose, frequency) should 

be made to the concomitant treatment during the study. 
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Study Procedures and Schedule 

Overview of data collection 

During screening; consent,. medical history and a physical examination will be performed. The 

results will be documented in the case record form supplied. Information will be collected as 

described in this protocol. The subject will remain anonymous 'andwill only be referred to by a 

number and initials in any data collected. 

Prestudy screening 

The following tests and examinations will be carried out in each subject ·during the 4 weeks 

before the study: 

• 	 Physical· examination and medical history, including agel sex, and race 

• 	 Height and weight 

• 	 Blood pressure and heart rate 

• 	 Oral body temperature 

Study days 

The following tests and examinations will be carried out on the first study day: 

• 	 Haematological status (haemoglobin, haematocrit, RBC, WBC, differential count and 

platelet count) 

• 	 Blood chemistry (AST. ALT, AP, total bilirubin, total protein, albumin) 

• 	 Urinalysis (screening for possible drug abuse) 

• 	 HIVtest 

Pre-test counselling which includes information regarding the HI virus! AIDS, ways of 


spreading, risk factors and consequences will be provided verbally by a trained counsellor on 


. the day of the first sampling occasion. Patients witl be informed as to their HIV status at the 


end of the second sampling occasion (72-hourblood) by a trained professional. For individuals 


testing positive, follow-up will be made available at the HIV Clinic. 

On the morning of theevaJuation day subjects who qualify to enter the study will have the 

study schedule explained to them by the investigator. The subjects will be receive a 

standardised breakfast at 07h30. Subjects will consume the whole breakfast and then receive 

123 



, Oinical Protocol 

the test drug at 08hOO. Subjects will consume a standard lunch at 13hOO. Contents of all 


snacks and meals will be recorded in the study report. 


Blood samples for the determination of the plasma concentration-time profiles of rifapentine 


and its primary metabolite 25-desacetyl rifapentinewill be collected by venipuncture into 


lithium-heparin coated tubes at the following times: 


1) 60 to 15 minutes prior to drug administration (10 ml) 


2) 2.0 hours (10 ml) 

3) 3.0 hours (10 ml) 

4) 4.0 hours (10 ml) 

5) 5.0 hours (10 ml) 

6) 6.0 hours (10 ml) 

7) 8.0 hours (10 ml) 

8) 24.0 hours (10 ml) 

9) 48.0 hours (10 ml) 

10) 72.0 hours (10 ml) 

Methods of evaluation 

The blood samples will be taken in lithium-heparin coated tubes and centrifuged at 2500 rpm 

for 10 minutes within 1 hour. Between blood sampling and centrifugation, tubes containing 

blood will be kept out of direct light on crushed ice. Plasma samples will be transferred into two 

dry polypropylene tubes and stored at -BO°C out of Jight until assay. 

The label on each tube will state: M00002707-GL24, Subject number, Sampling time and date. 

The determination of rifapentine and 25-desacetyl rifapentine will be done by a validated HPLC 

method. The assays will be performed by the Division, of Pharmacology at the, University of 

Cape Town. 

Haematology, blood chemistry, and urinalysis will be carried out according to standard 

operating procedures by the validated laboratory of the University of Cape Town. 
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Adverse events 

Definitions 

Adverse events spontaneously reported will_be recorded throughout the study. 

The term adverse event covers any sign, symptom, syndrome, or illness that appears or 

worsens in a subject during the period of observation in the clinical study and that may impair 

the well being of the subject. The term also covers laboratory findings or results of other 

diagnostic procedures that are considered to be clinically relevant. 

The adverse event may be: 

• 	 A new illness 

• 	 Worseningofa sign or symptom of the condition ,under treatment or of a cOAcomitant 

illness 

• 	 An effect of the study medication 

• 	 Unrelated to participation in the clinical study 

• 	 A combination of one or more of these factors 

Thus no causal relationship with the study medication is implied by the use of the term 

"adverse event". 

Adverse events fall into the categories nonserious and serious. 

Serious adverse event 

A serious adverse event is .any adverse event that at any dose of the study medication or at 

.any time during the period of observation: 

• 	 Results in death 

• 	 Is immediately life threatening 

• 	 Requires or prolongs hospitalisation 

• 	 Results in Significant disability and incapacity 

• 	 Occurs with overdose 

• 	 Involves cancer 

• 	 Involves congenital anomaly 

• 	 Is medically important 
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• 	 Requires medical intervention to prevent permanent impairment or damage 

"Medically important events" are events that may not be immediately Hfe threatening ot result 

in death or hospitalisation, but may jeopardise the patient or require intervention to prevent 

one of the other outcomes listed in the definition above. "Events requiring medical intervention 

to prevent permanent impairment or damage" are events where the investigator believes that 

medical or surgical intervention is necessary to preclude ,permanent jmpairment of a body 

function or to prevent permanent damage to a body structure. 

As there is an overlap between the terms "medically important event" and "events requiring 

medical intervention to prevent permanent impairment or'damage"/ it is left. to the discretion of 

the investigator to select the more applicable of the two criteria when completing the "Serious 

adverse events" form. 

Period of observation 

The period of observation extends from the time the subject gives informed consent until 72 

hours after the last dose of medication has been administered. 

Documentation and reporting of adverse events by investigator 

All adverse events that occur after the subject has signed the informed consent form must be 

documented in the case report form in accordance with the "Instructions for the completion of 

adverse event reports in clinical studies,r in the investigator-training manual. The adverse 

events must also be recorded in the subjects' medical records. 

The following approach will be tClken to documentation: 

• 	 All serious adverse events must be documented on "Serious adverse event forms" 

• 	 Nonserious adverse events that occur after the first dose of study medication must be 

documented on adverse events forms. 

For each event occurring after the first dose of study medication, the investigator will cfassify 

whether the event is to be considered treatment emergent and whether there is a reasonable 

possibility that the event was associated with the use of the study medication. 
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Art adverse event that occurs during the study after the first dose of study medication will be 

considered to as treatment. emergent. if (l) it. was not present at the time of the first 

administered dose of study medication and is not a chronic condition that is part of the patients 

medical historyl or (2) it was present at the time of the first dose of study medication or as a 

part of the patients medical historyl but its intensity (severity or frequency) has worsened after 

the first dose of study medication. 

Adverse events that fulfil the criteria for seriousness have to be reported to Aventis 

immediately. Adverse events that do not fulfil the criteria for immediate reporting will be 

supplied to Aventis in the same way as all other case report form pages. 

All subjects who experience adverse events - whether considered to be associated with the 

study drug or not - must be monitored to determine the outcome. The clinical course of the 

adverse event will be followed up - even after the end of the observation period - until. a 

satisfactory explanation is found or the investigator considers it is medically justifiable to 

terminate follow-up. Should the adverse event result in death, a full pathologists report should 

be supplied if possible. 

Immediate reporting by investigator to sponsor 

Serious adverse events must be documented on "Serious adverse event" forms and supplied to 

Aventis within 24 hours or on the following working day. The sponsor will ensure that all legal 

reporting reqUirements are met. 

The initial report must be as complete as poSSible, including details of the current illness and 

(serious) adverse event and an assessment of the causal relationship between the event and 

the study medication. Copies of the case report form pages containing the following 

information must be sent with the "Serious adverse eventll fonn: 

• Demography 

• Medical and surgical history 

• Previous and concomitant medication 

• Study medication administration record 
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The forms documenting all non-serious adverSe events that have occurred up to the time of 

occurrence of a serious adverse event, even if still incomplete, must also be sent with the 

"Serious adverseevent" form. 

Information not available at the time of the initial report must be documented on a follow-up 

"Serious adverse event" form that carries the number(s) of the initial report{s). 

Withdrawal ofsubjects 

Subjects may be withdrawn from study medicatron for the following reasons: 

• 	 At their own request or at the request of their legally authorised representative without 

prejudice to him .or her for doing so 

• 	 If, in the investigators opinion, continuation in the study would be detrimental to the 

subject's well-being 

• 	 At the specific request of Aventis 

Subjects must be withdrawn from study medication under the following circumstances: 

• 	 Severe adverse events believed to be drug related 

In all cases the reason for withdrawal must be recorded in the case report form and in the 

subject's medical records. The subject must be followed up to establish whether the reason 

was an adverse event, and, if so, this must be reported in accordance with the procedures set 

out in Section 8. 

Volunteers who are withdrawn or who withdraw will be replaced to maintain the final sample 

size of 60 subjects. 

Emergency Procedures 

During and following a subject's participation in the trial, the investigator should ensure that 

adequate medical care is provided to a subject for any adverse events, induding clinically 

Significant laboratory values, related to the trial. The investigator should inform a subject when 

. medical care is needed for intercurrent illness ofwhich the investigator becomes aware. 
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Statistical procedures 

Analysis variables 

On each series of the plasma concentrations the following kinetic parameters will be calculated: 

- Plasma peak concentration (Cmax) 

- Time to plasma peak concentration (Tmax) 

- Apparent half-life (t:1J2) 

A noncompartmental or population approach will be used for data analysis. Serum 

concentration-time curves will be plotted for all patients at all occasions in order to determine 

the maximal observed serum concentration (<:max) and the time to reach this concentration 

(TmaJ· The terminal half-life will be calculated according to the following formula: 

tl/2;::: In2/z ::: O.693/z where z is the tel1Tlinal rate constant 

Pharmacokinetic parameters will be calculated using the WinNonLin software package. The 

measurement of the effect of the below-mentioned covariates on the patient pharmacokinetic 

profiles will be made using NONlinear Mixed-Effect Modelling (NONMEM) software package. 

Covariates 

Interindlvidual variability in patient pharmacokinetic (PKj and pharmacodynamic (PD) 

parameters is the result of a number of fixed and random effects. The fixed effects draw a 

correlation betv-~een covariates and PK-PO -parameters. The InterindMdual -random effects 

quantify the residual unexplained variability. 

The task of finding an adequate population model is two-fold: 

1) finding covariates that significantly influence the PK-PO parameters 

. 2)determining the shape of the relationship betWeen covariates and -paramet.ers 

The following covariates will be investigated. Body mass index, sex, ethnic group, use of either 

tobacco, alcohol or cannabis. Concomitant use of other drugs or traditional medicines and diet. 

Haematological and other serum markers including urea, creatinine, totaJ protein, albumin, 

total bilirubin, ALT, AST, alkaline phosphatase, haemoglobin, red cell count, haematocrit, ROW, 
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white cell count and platelet count. . The effect of HIV and TB co-infection on rifapentine 

pharmacokinetics in patients will be investigated. 

Ethical and legal issues 

Good clinical practice 

The procedures set out 'in this study protocol, pertaining to the conduct, evaluation, and 

documentation of this study, are designed to ensure that the investigators abide 'by the 

principles of the good clinical practice (GCP) guidelines of the European Community. The study 

will be carried out in keeping with the South African legal requirements and the Ethical 

principles laid down in the Declaration of Helsinki, Hong Kong Amendment 1989. 

Delegation of investigator responsibilities 

It -is the responsibility of the ptinciple investigator to -inform 'the trial assistants about the 

protocol as well as any amendments that may have been made. They should also be 

adequately informed about their duties and functions within the scope of the trial. 

A list should be set up by the investigator stating the responsibilities of each CO-investigator 

and other appropriately qualified' persons to whom trial-related duties have been assigned. 

Subject informati.on and informed consent 

A subject may not be admitted to the dinical study unless he/she has been fully informed and 

understands the nature, scope and possible consequences of participating in the study. 

An informed consent document will be handed out to each subject and will contain information 

regarding the study that is easily understandable and in their language of preference. After the 

subject has read or had the informed consent document read to them, they must consent to 

participate both verbally and in writing. The subject's consent must be confirmed at the time of 

consent by the personally dated signature or thumbprint of the subject or the subject's legally 

authorized representative and by the personally dated signature of the person conducting the 

informed consent discussions. 
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A copy of the signed consent document will be given to the subject, while the investigator will 

hold the original. 

The investigator will not undertake any measures specifically required for the clinical study until 

full informed consent has been obtained. 

Confidentiality 

Subject names will not be supplied to Aventis. Only the subject code (subject number and 

initials) will be recorded in the case record form, and if the subject's name appears on other 

documentation it must be deleted before the document is· supplied to Aventis. The subjects will 

be told that representatives from Aventis or regulatory authorities may inspect their medical 

records to verify the infonnation collected, but that their personal details will not be divulged. 

Only the investigator will maintain a personal identification list corresponding to subject names 

to enable records to be identified. 

Subject remuneration 

Subjects will be remunerated for inconvenience as a direct result of the study. Bona fide 

withdrawal will result in an adjusted pro rata remuneration. Protocol violation (that is; wilful 

violation -on the patient's . behalf) may be tenns for subject withdrawal and pro rata 

remuneration will be adjusted if not forfeited completely. 

HIV pre- and post-test counselling 

All subjects are required to give informed consent to participate in the study which will include 

screening for HIV. Pre-:-testcounsemng which includesinfonnation regarding the HI virus/AIDS, 

ways of spreading, risk factors and consequences will be provided verbally by a trained 

councillor on the day of the first sampling occasion. Patients will be informed as to their HIV 

status at the end of the second sampling occasion (72-hour blood) by a trained profeSSional, 

who will provide post-test counselling regardless ·oftheoutcome of the test. For individuals 

testing positive, follow-up will be made available at the Groote Schuur Hospital HIV Clinic. 

Protocol amendments 
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No protocol amendments will be carried out without the written consent of both the relevant 

regulatory authority and the University of Cape Town's. Ethics committee. Once the study has 

commenced amendments will only be made in exceptional cases. 

Approval of the study protocol 

Before the start of the study, the study protocol,informed consent document, and any other 

appropriate documents will be submitted to the Medicines Control Council (MCG) and the Ethics 

Committee (EC) of the University of Gape Town, 

Aventis will only provide study medication to the investigator once approval has been obtained 

from the MCCand the EC, and all legal and ethical requirements have been met. Formal 

approval should mention the study title, study code, study site, date of approval and any other 

documents reviewed. 

It is the responsibility of the investigator to keep a record of all communication with the 

relevant regulatory authorities. 

Premature closure of the study 

Aventis and the investigator reserve the right to close the study at any time after mutual 

consultation between the two parties. If an unacceptable number of patients experience 

serious adverse effects the study will be discontinued. 

ShOUld the study be discontinued premature1y an materials (study medication, etc.) supplied by 

the company will be returned as if the· study had been completed. 

Liability and insurance 

Subjects will be covered by an insurance policy from the time of consent to the end of the 

observation· period. This policy will cover, ·in its terms and provisions, the investigator's legal 

liability for injuries caused to participating perSons and arising out of research performed 

strictly in accordance with the SCientific protocol as well as with applicable law and professional 

standards. 
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Study Monitoring andAuditing 

Monitoring and auditing procedures will be followed,in order to comply with GCP guidelines. 

The study will be monitored by Assoc. Prof. Peter Smith, Division of Pharmacology, University 

of cape Town. Monitoring will include checking of the case record forms for completeness and 

clarity, cross checking with source documents as well as ensuring· the study is conducted 

according the procedures laid down in the protocol. 

Documentation and use ofstudy findings 

Documentation of study findings 

A case report form will be provided for each subject. 

All protocol-required information collected during the study must be entered by the 

investigator, or designated sub-investigator, in the case report form. The case report pages 

should be completed as soon as possible after the information is collected~ An explanation 

should be given for all missing data. 

The completed case report form must be reviewed and signed by the investigator 1)r a 

designated sub-investigator. 

The following records will be retained by. the investigator for 2 years after the completion or 

termination of the study: 

• Signed informed consent documents for all subjects 

• Subject identification code list 

• Records of communications with the Ethics Committee 

• Records of communications with the Medicines Control Council. 

• A list of investigators and assistants with their delegated duties and Signatures 

• Copies of case report forms and of documentation of corrections for all subjects 

• An inventory of drugs received and dispensed 

• Record ·of any body fluids or tissue samples retained 

• Source documents and laboratory result records 
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Use of study findings 

All information concerning the product as well as any matter conceming the operation of 

Aventis, such as clinical indications for the drug, its fonnula, methods of manufacture and 

other scientific data relating to it, that have been provided by Aventis and are unpublished, are 

confidential and must remain· the remain the sole property of Aventis. The investigator will 

agree to use the infonnation only for the purposes of carrying out this study and for no other 

purpose unless prior written permission is obtained from Aventis. 

The findings of the study may be published in a scientific journal or presented at a scientific 

meeting, provided the manuscript for publication or presentation is submitted to Aventis and 

the investigator allows Aventis 30 days in which to review and comment on the manuscript. 
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Appendix 1.2 Subject Information Form 

Study title 

Investigation of interindividual variation in rifapentine plasma levels in patients at DP Marais 

Hospital. 

Why are we doing the study? 

Rifapentine is a tablet that has been made to treat patients with tuberculosis. After you take 

the tablet the drug goes into the blood. Because all people are different the amount of drug in 

your blood will be different to the other patients. What we want to see is how much drug you 

have in your blood and compare it to other patients as well as to healthy people who don't 

have tuberculosis and see how different it is. 

When and where will we be doing the study? 

The study will last eight days at DP Marais Hospital from the first time you take the rifapentine 

tablet. You must not eat breakfast on the study days. We will give you breakfast at the 

hospital. Before breakfast a needle will be put into your arm and will be left in for 8 hours while 

blood is being taken. After breakfast you will have to take your isoniazid (INH), pyrazinamide 

(PZA), and ethambutol (ETH) tablets but not the rifampicin tablet. You will take rifapentine 

in the place of the rifampicin tablets. Blood will be taken after 2, 4, 5, 6, 7, 8, 24, 48 and 72 

hours. The needle will be removed from your arm afterthe .8hour blood .sample.is drawn that 

afternoon. For the next three mornings one blood sample will be taken and the same 

procedure will be repeated on the fourth day. You must carry on taking isoniazid (INH), 

-pyrazinamide (PZA) and ethambutol (£TH) tablets during that week. Only three 

days after the last study day at the hospital must you start taking your rifampicin 

(RIF) again. 

Three days later the same thing will be done again. You will be given breakfast again and 

blood will be taken the same way as before. For the next three mornings one blood sample will 

betaken. 

You must carry on taking isoniazid (INH),pyrazinamide (PZA) andetbambutol 

(ETH) tablets during the week after your last visit. Only three days after your last 

study day at the hospital must you start taking your rifampicin (RIF) again. 
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Taking part in the study 

You are allowed to stop being in the study at any time. Nobody will be angry and nothing will 

be happen to you if you stop. If you want to stop you.don'thave to tell us wby,. You just have 

to say \\no." If you carry on with the study you must listen to the doctors and do as they ask. 

The study wifl not make you get better faster but it will help the community because it will help 

us to give them better medidne. 

Subject remuneration 

You will be paid money for the time you spend in the study. This will be paid at the end. If you 

deliberately go against what the investigator asks you to do according to the trial, you may be 

withdrawn from the study and will only be receive money for the time you spent on the study. 

You will not have to pay for any of the medicines you will get on the trial. We will also pay for 

your-transport costs and meals (if any) while you are on the study. 

According to the law, during·the study you will be covered by insurance. Compensation for any 

injury caused by taking part in this study will be in accordance with the guidelines of the 

ASSOCiation of the British Pharmaceutical Industry. The University of cape Town will 

compensate you without you having to prove that it is at fault. This applies in such cases 

where it is likely that such injury results from giving the study drug and any other procedure 

carried out in accordance with the protocol for the study. The University of cape Town will not 

compensate you where such injury results from any procedure carried out which is not in 

accordance with the protocol for the study. Your right at law to claim compensation for injury 

where you can prove negligence is not affected 

Confidentiality 

Any personal information we collect from you will be kept secret. The only people that will be 

allowed to see your information will be Grant Langdon, Dr. Helen McIlleron and Justin Wilkins. 

Once we have collected the information on the forms we will not be able to link your name 

with the information. 

HIVtesting 

We want to test you for HIV and AIDS. This is to see whether people with HIV IAIDS have more 

or less drug in their blood. If you do not want to be tested you don't have to and nothing will 

happen to you if you are not tested. You can still participate on the study if you have not been 

tested. A health professional will discuss HIV IAIDS and the risks with you before the test. You 
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will be given the results of your HIV-test after the last blood sample is taken. If you test 

positive follow-up care will be made available at the Groote Schuur Hospital HIVjAIDS Clinic. 

This does not mean that you will get antiretroviral drugs if you test positive. 

Side effects and risks of rifapentine 

Please tell the investigators if you start to feel sick or have any unusual symptoms. Rifapentine 

can have the following side effects: skin irritation, rash, loss of appetite, nausea, vomiting, 

abdominal pain and headaches are relatively common (1/10 to 1/100). Uncommonly 

rifapentine may Jead to liver damage, damage to blood cells and platelets. Rifapentine may 

caUse body fluids to tum orange. Contact lenses must not be worn for 4 days after taking 

rifapentine. 

Because rifapentine is new medicine it may be dangerous to take other medicines while you 

are on the trial. Please speak to your doctor before you take any other medicines to make sure 

it is safe. 

Ethics Committee 

The University of Cape Town has a special committee to check that the study is legal. They 

have "looked at the study" and found it 'lobe 1egal -andfalt. If you have any c:omplalt1ts you can 

phone them or write a letter to them. 

Research EthICS Committee 

Faculty of Medicine 

AnzioRoad 

Observatory 

7925 

Telephone: (021}-406 6492 
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Appendix 1.3 Deelnemer Inligting . 

Studietitei 

Vergelyking van variasie in plasma vlakke rifapentine en rifampisien in tuberkulosis pasiente 

van DP Marais Hospitaal 

Hoekom ons die study doen 

Rifapentien is 'n pi! wat vervaardig is am tubercufosis pasiente te behandel. Nadat die pH 

ingeneem is, word dit in die bloedstroom opgeneem. Aangesien aile mense verskil, sal die 

hoeveelheid medikasie in die bloedstroom by almal verskillend wees. Ons probeer vastel hoe 

die hoeveelheid medikasie van u bloed verskil vanander pasiente en diegene watgesond ~s. 

Waar en wanneer word die studie gedoen 

Die studie sal vir agt dae by die DP Marais Hospitaal plaasvind. U moet nie ontbyt by die 

hospital eet nie.Ons sal vir u onybyt gee. Voor ontbyt word 'n naald in die arm gesit en dit 

word vir 8 uur ingehou terwyl bloedmonsters getrek word. Na ontbyt salu isoniazid (lNH), 

pyrazinamide (PZA) en ethambutol (ETH) tablette moet sluk, maar nie jou rifampisien 

tablette nie. U sal die rifapentine neem in plaas van die rifampisien. Bloedmonsters sal dan 

na 2, 4/ 5, 6/ 7/ 8, 24, 48/ en 72 uur geneem word. Die naald sal na die 8 uur bloedmonster 

uitgetrek word. Vir die volgendedrie oggel'ldesal bloed geterk word. 

U moet aanhou om die isoniazid (INH), pyrazinamide (PZA), en ethambutol (ETH) 

medikasie te neem gedurende die week. 

Drie dae later word die prosedure herhaal. U sal weer ontbyt by ons kry en bloed salop die 

selfde manier getrek word. Vir die volgende drie oggendesal bloed geterk word. 

U moet aanhou om die isoniazid (INH), pyrazinamide (PZA), en ethambutol (ETH) 

medikasie te neem gedurende die week. U moet die rifampisien weer begin neem 

3dae na die studie voltooid is. 

Dee/name aan die studie 

U mag enige tyd aan die studie onttrek. Niemand sal ontsteld daaroor wees nie en niks sal met 

u gebeur as u ophou nie. lndien u wil onttrek uit die studie hoef u ons nie 'n rede te gee nie. U 
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hoef net "nee" te se. Indien u voortgaan met die studie moet u na die navorsers luister en 

doen wat hulle vra. Die studie sal u nie vinniger gesond maak nie, maar dit sal tot die voordeel 

van die gemeenskap wees, want daardeur kan ons vir u 'n beter medikasie ontwikkeL 

Deelnemer vergoeding 

U word vir u tyd in die studie vergoed. Dit sal betaal word aan die einde van die studie. As u 

aspiris oie luJster na die navorser se instruksiesin verband met die studIe sal u van die studie 

ontrek wees en geen vergoeding kry nie. Jy ·hoef nie vir enige van die medisyne te betaal nie. 

Ons sal ook vir u vervoer en voedsel koste betaal. 

Volgens die wet word u gedurende die sturlie deur versekering gedek. Kompensasie vir enige 

besering watu magopdoen gedurende die studie salin ooreenstemming met die .riglyne gestel 

duer die Association of the British Pharmaceutical Industry wees. Die Kaapstad Universiteit sal 

u vergoed sonder dat u hoef te bewys dat dit ons skuld is. Dit word toegepas waar dit Iyk asof 

die beseTing 'n gevolg is van die studte medisyn~ of enige prosedure wat uitgevoer word in 

ooreenstemming met die protokol. Die Kaapstad Universiteit sal u .nie vergoed waar u 'n 

besTing opdoen as gevolg van enige prosedure wat nie uitgevoer word in ooreenstemming met 

die protokol. U reg om kompesasie te eis war u kan bewys u besering as gevolg van 

nalatigheid word Aie geaffekteer Aie. 

Vertroulikheid 

Enige vertroulike informasie wat u ons gee, word geheim gehou. Die enigste persone wat die 

informasie sal sien is Grant Langdon, Dr. Helen McIlleron en Justin Wilkins. Enige informasie sal 

nie deur ons met die name op die vorms vergelyk word nie. 

MIV toetsing 

Ons will u toets vir MIV/HIV op die eerste dag. Dit is om te vasstel of mense met HIV meer of 

minder medikasie in hul bloedstroom het. As u Ate getoets wi! word nie, hoef u nie te en niks 

sal .aan ugebeur oie. Ukan stil deelneem aan die studie as u wi!. Raadgewing wat inligting 

insluit oor die MIV virus/VIGS, manier waarop dit versprei word, risiko faktore en gevolge sal 

deur 'n opgeleide raadgewer aan jou gegee word. Pasiente sal aan die einde van die neem van 

die tweede sessie ingelig word oor hulle MIV status deur 'n opgeleide persoon. Opvolg sal 

beskikbaar wees by Groote Schuur Hospitaal vir persone wat positief toets. Dit beteken nie dat 

u antiretroviral medisyne sal kry as u positief toets nie. 
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Newe-effekte en waarskuwings 

U moet asseblief vir die navoreser se as u siek of enige ander simptome voe!. Rifapentine 

kandie volgende newe-effekte he: vel irritasie, veluitslag, aptytverlies, naarheid, vomering, 

maagpyne en hoofpyn (1/10 tot 1/100). Rifapentine mag ook lei na lewerbeskadiging, 

beskadiging van bloed selle en plaatjies. Rifapentine mag ook ligaamlik.e vloeistowwe oranje 

kleur. Kontaklense moet nie vir 4 dae na u rifapentine geneem het gedra word nie. 

Omdat rifapentine 'n nuwe pi! is/sal dit miskien gevaarlik wees om ander medikasie te neem 

terwyl u aan die studie deelneem. Vra eers u dokter of dit veilig is as u ander medikasie wil 

saam met die rifapentine wit neem. 

EtieseKomitee 

Die Universiteit Kaapstad het 'nspesialekomitee om te verseker dat die studie wettig en 

regverdig is. Hulle het die studie ondersoek en het besluit dat dit regverdig is. As u enige 

k1agtes het kan u hulle bel of 'n brief skryf. 

Research Ethics Committee 

Faculty of Medicine Anzio Road 

Observatory 

Telefoon: (021)-4066492 
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Appendix 1.4 Iphetshana Lenkcukacha 

IsihlokoSoluphando 

Uqhathaniso lokwahlukana kwamaqondo eRifapentine kunye ne Rifampicin egazinilezigulana 

zesifo sephepha (TB) kwisibhedlela sase-DP Marais 

Vinton; ;mbangiyokubasenze oluphando? 

IRifapentine yipilisi eyenzelwe ukunyanga iTB. Emva kokuba uyisele ingena egazini. Njengoko 

abantu behlukile, namaqondo eRifapentine asegazini labantu ngabantu ayohluka. Sifuna 

ukubona ukuba amaqondo eliyeza ahluka kangakanani phakathi kwezigulana zeTS kwakunye 

nakubantu abangaguliyo. 

Uphandoluyakwenzelwa phi, nini? 

Uphando luyakuthpbatha iintsuku ezisibhozo ukusuka kusuku lokusela ipilisi kwisibhedlela I-DP 

Marais. Kufunek aungatyi 'isidlo sakusasa ngosuku "ophando. Ukutya uyakufumana esibhedlela. 

Phambikwesidlo ,sakusasa, inaliti iyakufakwa kumthambo osengalweni yakho. Iyakuhlala ke 

apho kangangeyure ezisibhozo ukwenzela ukuba sikwazi ukutsala igazi. Emva kwesidlo eso' 

uzakuthabatha iipilisi i-Isoniazid (INH), i-Pyrazinamide (PZA) neEthambutol (ETH) kodwa 

akuyi kuthabatha I-Rifampicin. Kanti ke endaweni yeRifampidn uyakuthabatha ipifisi 

yeRifapentine. Igazi elincinane liyakutsalwa kwiyure yesibini, yesine, yesihlanu, yesithandathu, 

yesixhenxe, yesibhozo, eyamashumi amabini anesine, ayamashumi amane anesibhozo, kunye 

neyamashumi asixhenxe anesibini. Inaliti iyakususwa engalweni yakho emva kweeyure 

ezisibhozo. Ekuseni kwiintsuku ezintathu ezilandelayo kuyakufuneka utsalwe igazi kwakhona. 

Oku kuyakuphindwa ngosuku Iwesibhozo. Kubalulekile ukuba emva kolutyelelo 

esibhedlele njengesiqhelo usele iIsoniazid, iPyrazinamide kunye ne Ethambutol. 

Kanti ke uyakubuyela kwiRifampicin emva kwentsuku ezintathu. 

Emvakweentsukuezintathu uyakuphinda kwenziwe oluphando njengesiqhelo. Uyakunikwa 

isidlo sakusasa esibhedlele ukuze usele amayeza negazi likutsalwe njengaphambili. 

Kubalulekile ukuba emva kolutyelelo esibhedlele njengesiqhelo usele iIsoniazid, iPyrazinamide 

kunye ne Ethambutol. Kanti ke uyakubuyela kwiRifampicin emva kwentsuku ezintathu. 
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Ukuthabatha inxaxheba koluphando 

Uvumelekile ukuba uphume koluphando nanini na ufuna. Akukho mntu uyakuba nasikhwasilima 

ngalonto kwaye akukho mntu uyakukunqanda. Akukho nembangi yakunika zizathu zoko. 

Ufanele nje uthi "hayi". Kodwa ke xa uqhubekeka noluphando kuyakufuneka umamele 

imiyalelo kagqirha ozakuba ephethe. Oluphando aluyi kukunceda uphile ngokukhawuleza 

kodwa luyakunceda uluntu jikelele ngokuba sikwazi ukunika amayeza abhetele. 

Ukuhlawulwa komphandwa 

Uyakuthi ke unikwe imali ngexesha otichithe apha kotuphando. Uyakuthi ke kodwa uyifumane 

ekupheleni kophando. Ukuba uthe wenza okunxaxhileyo emgaqweni wabaphandi ngelilixa 

lophando, ungakhutshwa ngoko nangoko. Kanti ke uyakuthi uhlawulelwe elolixa ubulichithe 

kuphando kuphela. Awuyi kuwahlawulela amayezaowafumanayo ngelixesha lophando. 

Siyakuzihlawula iindleko zokhenketho lakho kunye nezidlo (ukuba zikhona) othe wazisebenzisa 

ngelixa lophando. Ngokomthetho, ngelilixa lophando uyekukhuselwa yimali ebekelwa bucala 

(Insurance). 

Ukubonelelwa kwiingozi ezinokuthi zenzeke kuwe ngokuthabatha Iwayeza iyakwenziwa 

ngokwemigaqo ebekwe Iiqumrhu Ie British Pharmaceutical Industry. I University of cape Town 

iyakukubonelela ungakhe uphande ngalomba kusini ukubonisa ukuba iyatyholeka. Uku kuquka 

iimeko apho leyo ngozi yenzaka ngokuba usele lamayeza okanye ngenxa yesenzo esimalunga 

nemigaqo yoluphando. Amalungeto akho ngokusemthethweni ukufuna ubonelelo ngesehlo 

onokubonisa ukuba sibangwe kukungakhathali kumphandi ahlala engaphazamisekanga. 

limfihlo 

Zonke inkcukacha esizithabathekuwe ziyakuba yimfihlo. Kuphela nguGrant Langdon, nogqirha 

Helen McIlleron kunye noJustin Wilkins abayakuvumeleka bazibone.Emva kukuba zifakwe 

kumaphetshana okubhalisa, aziyikuphinda zikwazi ukunxunyulaniswa naliphi na igama lomntu, 

njengoko niyakunikwa iinombolo. 

Uhlolelo lukaGAWULA YO (HIV) 

Sifuneka sikujonge intsholongwane kunye nesifo sikagawulayo (HIV kunye n~AIDS). Oku 

kukujonga ukuba abantu abanesifo okanye intsholongwane kagawulayo banamaqondo 

angaphezulu okanye asezantsi amayeza egazini. Ukuba awufuni kujongelwa esisifo, angala, 

akukho ntoiyakwenzeka kuwe xa ukungajongwanga. Usenakho ukuthabatha inxaxheba 

koluphando nokuba awujongwanga. Ugqirha uyakunixoxela ngeHIV/AIDS phambi kohlolo. 
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IZiphumo ziyakufumaneka ekupheleni kophando ngosuku lokugqibela. Ukukhathalelwa kwabo 

abafunyanwe benalo eligciwane luyakufumaneka kwikHniki ye HIV/AIDs yase-Groote Schuur. 

Oku akuthethi ukuba uyakufumana amachiza esifo sikagawulayo.xa ufunyanwe unaso. 

lingxaki ezinokuthi zive/e xa usebenzisa iRifapentine 

Nceda ixelele abaphandi ngoko nongoko xa uthe waziva ungemnandanga okanye uneempawu 

.ezjngaqhelekanga ngethubalophando. Irifapentine ingeza neengxaki eziJoluhlobo: 

Ukurhawuzelela kolusu, amaqhakuva okutyabuka, ukungafuni kutya, isicefucefu okanye 

ukubanaar, ukugabha, intlungu zamazantsi kunye nentloko ebuhlungu {Kanti ke ezi ngxaki 

zibakho kwisinye eshimini (1/10) ukuya kwisinye ekhulwini (1/100) labantu}. Iingxaki 

ezingaxhaphakanga zezi: ukonakala 'kwesibindi, Likonakala kwecells zegaiikanti nakumajoni 

omzimba. Irifapentine ingazijika incindi zomzimba ezifana nomchamo zibeorange. Iizibuko 

zecontact lenses zezingantlitywa iintsuku zibene emva kokusela iRifapentine. 

Kuba iRifapentine iyipilisi entsha, ingayingozi ukusela amanye amayeza alo naluphina uhlobo 

ngaphandle kwala achazwe ngasentla. Thetha nogqirha phambi kokuba usele neliphina iyeza 

ngaphandle kwala uzakuwasela ngelilixa lophando. 

Ikomiti evumeoluphando 

Ikomiti yesisi kolo semfundo ephakamileyo saseKapa ejongene nophando kubantu 

nezilwanyana ivumile ukuba oluphando lolusemthethweni kwaye alugxobhagxobhi lungelo 

lamntu. 

Idilesi yabo yjle: 

Research Ethics Committee 

Faculty of Medicine 

Anzio Road 

Observatory 7925 

Umnxeba: (021) 4066492 
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Patient COn'iEnt Form: En:;lis!7 

Appendix 1.5 Permission to take part in a clinical study 

Study Leaders: Grant Langdon, Dr. Helen Mc1l1eron, Justin Wilkins 

I have read the information sheet 

I have been able to ask questions and talked about the study 

I understand the following: 

Personal information will be written down 

On two days 7 blood samples will be taken from me and then 

one more the next morning 

Each blood sample will be about one spoonful, so altogether I will 

be giving 8 spoons of blood in a day. 

lean leave whenever I want wJthout telling anyone why and 

nothing will happen to me 

I have answered all the questions truthfully 

I agree to join in the study 

. Yesu 

Yesu 

Yes U 

Yesu 

Yesu 

Yesu 

Yes II 

Yesu 

Nou 

Nou 

Nou 

Nou 

Nou 

NoU 

NOll 

NoU 

NAME OF SUBJECT SIGNATURE DATE 

NAME OF INVESTIGATOR SIGNATURE DATE 

NAME OF TRANSLATOR SIGNATURE DATE 

I agree to have an HIV antibody test Yes U No U 

NAIII1E OF SUBJECT SIGNATURE DATE 
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Appendix 1.6 Toestemming om deelte "eem aan n' kJiniesestudie 

Navorsers: Grant langdonl Dr. Helen McIlleronl Justin Wilkins 

Ekhet die inligtinf stuk gelees Va u Nee u 
Ek kon vrae vra enoor die studie praat Va U Neeu 

Ek verstaan die volgende: 

Persoonlike inligting sal neergeskryf word Va U Neeu 

Gedurende die dag sal7 bloedmonsters getrek word en 

nog een die volgende oggend vir drie dae Va U Neeu 

Elke bloedmonster sal omtrent een lepelvol weesl 50 altesame 

sal 8 lepels bloed getrek word Va U NeeU 

Ek mag enige tyd onttrek sonder om 'n rede te gee en niks sal 

met my gebeur nie Va U Neeu 

Ek het die vrae eerlik beantwoord Va U Neeu 

Ek gee my toestemming om dee! te neem Va U NeeU 

NAME OF SUBJECT SIGNATURE DATE 

NAME OF INVESfIGATOR SIGNATURE DATE 

NAME OF TRANSLATOR SIGNATURE DATE 

Ek gee my toestemming om vir MIV getoets te word Va U Neeu 

NAME OF SUBJECT SIGNATURE DATE 
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Appendix 1.7 Isivumelwano sokuthabatha inxaxheba kuphando 

Iwezamayeza esifo sephepha (TB)· 

Abaphandi abaphambili: Grant Langdon, Gqirha tielenMcIlieron no Justin Wilkins 

Ndilifundile iphetshana elinenkcukacha ngoluphando 

Ndilinikiwe ixesha lokubuza nelukuthetha 

Ndiyakuqondo okukl:llandelayo: 

Ku¥akushicilelwa inkcukacha ngam kwakunye nezonyango 

Iwam 

Igazi liyakuthatyathwa amatyeli asixhenxe kanti elinye 

.ngentsasa elandelayo 

Isixa ngasinye segazi siyakulingana necephe 

Ndinelungelo lokuphuma nangaliphi ixesha koluphando 

ndinganikanga nkcaza 

'Ndiphendule yonke lmibutongenene nangenyaniso 

Ndiyavuma ukuthabatha inxaxheba kulophando 

Ewe 

Ewe 

Ewe 

.Ewe 

Ewe 

Ewe 

Ewe 

Ewe 

II 

U 

u 

U 

U 

U 

U 

U 

Hayi 

Hayi 

Hayi 

Hayi 

Hayi 

Hayi 

Hayi 

Hayi 

II 

U 

U 

U 

U 

U 

u 

U 

IGAMA LUMGUU UMSAYINO UMHLA 

IGAIVIA LOMPHANDI UMSAYINO UMHLA 

IGAMA LOMGUQULEU UMSAYINO UMHLA 

Ndiyavumaukuhlolelwaisigulo,sikagawulayo (HIV) Eweu 'Hayi IJ 

IGAMA LOMPHANDWA UMSAYINO lIMHLA 
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NONMEM Model Files 




Parent Drug Model 

Appendix 2.1 Final parent drug model file 
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Metabolite Drug Model 

Appendix 2.1 Final metabolite drug model file 
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Appendix 3 


Patient Plasma-concentration Time 

Profiles 
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Appendix 3.1 Individual plots of observed, population predicted and 
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Appendix 3.2 Individual plots of observed, population predicted and 

individual predicted 25-desacetyl rifapentine concentration-time data 
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Appendix 4 


Raw demographic, haematological 

and chemical pathology data 
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Appendix 4. f Individual demographic patient data 
HIV Smoker Alcohd New!,AQI! HeightNumber Dose 8M! R~e SexWei~t Cannabis MandraxStatus Outt liaht <15 Medum 1~3O Heal"i(>301 LKlhtl<1lifNone Heaw>31tMedum 1·311 Retreatment 

7S0 1.701 
 56 
 50.5 17.47 C M U X 
 X 
 New 
2 
 37 
 900 
 20.6261.0 1n MS U X 
 X 
 Retreatment 
3 
 750
36 
 53.5 1.65 19.65 C M N X 
 X 
 Retreatment 

750 
 1.764 
 42 
 49.0 15.82 C M N X 
 X 
 Retreatment 
750 
 50.0 1.6730 
 17.93 S M P X 
 X 
 RetreatmentX 


)(47 
 750
6 
 49.5 1.68 17.54 C M N X 
 RetreatmentX

i 
 46 
 600 
 450 
 1.62 17.15 C F P X 
 New 

)(8 
 52 
 600 
 40.0 1.62 15.24 F PS X 
 Retreatment 
34 
 45.0 1.519 
 19.74 C F P X 
 X 


600 
 45.0 1.49 10.2746 
 C F P X 
 X 
 New 
750
11 
 20 
 50.0 1.59 19.78 FC N X 
 X 
 Retreatment 
60(/ 40.()12 
 29 
 1.51 2tW C F N X 
 X 
 Retreatment 

13 
 41 
 600 
 42.0 1.60 10.41 C F P X 
 X 
 Retreatment 
14 
 600 
 44.0 1.6526 
 16.16 MC P X 
 X 
 newX 


600 
 42.0 16.0018 
 1.62 MC U X 
 X 
 X 
 Retreatment 
16 
 23 
 900 
 56.0 1.61 21.60 C NM X 
 New 
17 
 19 
 900 
 57.0 1.62 21.72 FB P X 
 Missing Retreatment 

750 
 16.6718 
 27 
 46.5 1.67 MC P X 
 X 
 X 
 new 
900 
 1.72 21.9719 
 28 
 65.0 C M N X 
 X 
 X 
 Retreatmen(
900 
 1.65 20.3947 
 55.5 C M N X 
 Vlssing X 
 new 

21 
 38 
 900 
 1.64 21.0156.5 MC U X 
 X 
 Retrealmenl 
750
43 
 54.0 1.60 21.0922 
 C M U X 
 X 
 Retreatment 

16.3734 
 600 
 43.5 1.6323 
 C M N X 
 X 
 X 
 new 
24 
 750 
 16.3051 
 46.0 1.68 MC P X 
 X 
 new 

p30 
 750 
 1.78510 
 16.73 MB X 
 X 
 new 
'17 44.0 1.57 11.85 C M26 
 600 
 N X 
 X 
 X 
 Retrealment

21 
 33 
 900 
 1.82 21.74720 
 C M N X 
 X 
 RetreatmentX 

28 
 24 
 750 
 50.0 1.70 11.30 C M N X 
 X 
 new 

31 
 900 
 64.0 1.63 14.0929 
 B M X
U X 
 Retreatment 
900
46 
 56.0 21.34 M1.62 B N X 
 Retreatment 
90(/31 
 55 
 56.0 1.67 20.08 C M U X 
 X 
 X 
 Retreatment 

64.032 
 46 
 900 
 1.77 1M3 a M N X 
 new 
750
33 
 27 
 49.0 1.60 19.14 C F N X 
 Retreatment 
600 
 38.0 18.6734 
 24 
 1.51 C F U X 
 X 
 X 
 new 

42 
 750 
 1.53 19.65 F46.0 C P X 
 X 
 Retreatment 
750 
 46.0 20.4436 
 38 
 1.50 C F U X 
 X 
 Retreatmenl 

37 
 900 
 56.0 1.5929 
 22.15 C F N X 
 Retreatmenl 
35 
 900 
 64.5 19.26 C38 
 1.83 M N X 
 X 
 new 

63.0 1.72 21.3039 
 32 
 900 
 C M P X 
 X 
 X 
 Retreatment 
75(1 49.()52 
 18.90 C1.61 M N X 
 X 
 Retreatment 

41 
 29 
 900 
 23.49 M69.5 1.n C N X 
 Retreatment 
42 
 33 
 750 
 48.0 1.69 16.81 C M N X 
 new 

75(1 51.!)40
43 
 1.61 19.68 C F N Retreatment 
900
44 
 27 
 60.0 1.65 2104 
 S F P Retreatment 

p750 
 50.0 1.68 17.n F26 
 a 0 X 
 new 
750 
 52.0 1.67 1t.65 C F46 
 35 
 N X 
 X 
 Retreatmeni" 
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Appendix 4.2 Individual heamatological patient data 

Number 

1 

Heemoglobin gldl 
13.3·17.3 

11.5 

Red Cell Count 
x10e12A 
4.5-5.9 
415 

Haematocrit 
ratio 

0.37-0.53 
0.35 

RDWunits 
7.4-13.6 

16.5 

MeVfl 
80-95 

85 

MCHpg 
275·30.5 

27.8 

MCHC% 
32-36 

32.7 

White Cell Count 
x10e9/1 
4.0-11.0 

7 

Platelets x10e9A 
150·450 

319 
2 14.1 4.34 0.42 14 97 32.5 33.6 6 255 
3 12.1 4.36 0.37 16 54 27.7 331 10.6 354 
4 12.1 3.58 0.36 16.2 101 33.8 33.5 7.5 296 
5 12.8 4.2 0.38 15.8 91 30.5 33.6 7.6 308. 
6 12.4 3.86 0.38 15.2 97 32.1 33 2 386 
7 17.6 538 0.58 18.9 107 32.7 30.5 6.5 109 
8 8.2 2.38 0.26 21.2 111 34.5 31 3 521 
9 
10 8.3 277 027 19.9 99 30.1 305 2.5 363 
11 11.1 3.98 0.33 20,4 82 27.9 33.9 59 387 
12 11.2 3.86 0.35 18.3 91 29 31.8 3.2 284 
13 10.9 3.47 0.34 18.6 99 31.5 31.9 6.4 431 
14 9.8 3.36 0.3 25,5 B9 29.3 33 4 256 

'15 10.8 4.2 0.33 15.. 7 79 25.7 32.8 8.8 429 
16 9.6 3.62 0.31 19.1 85 26.7 31.4 9.2 636 
17 10.6 3.66 0.32 15·6 87 28.8 33.3 5 263 
18 9.8 3.35 0.3 26.5 90 29.1 32.6 2.7 190 
19 16.1 5.13 0.48 14.7 95 31.5 33.3 8.1 317 
20 11.1 4.19 0.36 14.6 85 26.6 31.1 10.4 350 
21 11.3 3.71 0.34 15.2 93 30.4 32.7 6 399 
22 13 4.66 0.4 14.4 91 29.8 32.6 6.8 351 
;'13 9.3 3.23 0.29 15.3 90 28.8 32 13.4 649 
24 7.9 2.59 0.26 16.7 100 30.3 30.3 13.1 892 
25 8.9 2.82 0.29 18.3 101 31.7 31.3 2.9 248 
26 6.9 2.87 0.23 19.5 82 24 29.4 7.9 447 
27 14.1 4.6 0.44 15.1 95 30.7 32.2 9.6 388 
28 12.7 4.54 0.39 15.8 85 28 33 11.9 403 
29 13.3 4.5 0.41 14.6 90 29.5 32.7 58 505 
30 13.2 4.33 0.39 14.4 91 30.4 33.5 7.6 260 
31 11.6 3.75 0.35 13.5 94 30.9 32.9 10.1 524 
32 10.3 3.58 0.3 14.6 85 28.7 33.8 12.5 391 
33 9.9 3.63 0.31 15.. 6 85 27.3 31.9 9.4 682 
3A 12.2 4.98 0.37 17.4 75 24.5 32.6 14.3 625 
35 11.8 4.13 0.35 16.7 84 28.7 34.2 4.7 277 
36 10.9 3.55 0.32 19.3 91 30.6 33.6 10.8 484 
3.7 10.2 3.62 0.31 16.5 85 28.1 33.2 7.2 405 
38 12.9 5.1 0.4 17.8 79 25.3 32.2 11.5 570 
39 11.7 4.47 0.36 17 81 26.3 32.4 jO.1 365 
40 9.9 3.41 029 16.2 87 29 33.6 6.8 334 
41 13.5 4.69 0.41 14.4 87 28.9 33.2 10.4 343 
42 11.5 384 0.34 173· 89 30 33.7 13.4 684 
43 11.7 452 0.38 16 84 25.9 30.7 15.1 565 
44 11.1 3.71 0.34 14.8 91 29.8 32.8 15 540 
45 8.3 3.32 0.26 22:7 79 25.1 31.8 1.5 271 
46 12 4.69 0.38 15.8 82 25.6 31.3 9.2 468 
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Appendix 4.3· Individual chemical phathology patient data 

Number 
Creatinine 

umolll 
.60.115 

Total Protein 
gIl 

60-80 
Albumin gIl 

35-50 

Total bilirubin 
umolll 
1-17 

ALT unllsll 
1-41 

AST unitsll 
. 1-38 

Alk Phos unltsll 
39-117 

1 75 84 40 4 20 23 73 
2 85 79 40 7 22 24 78 
3 n 80 35 6 1;2 19 117 
4 69 73 42 7 18 25 94 
5 75 23 4 49 110 
6 72 28 4 15 34 
7 128 92 32 4 15 22 61 
8 82 18 5 25 67 
9 
10 71 68 21 7 23 41 347 
11 73 77 35 5 1.5 18 59 
12 61 79 36 9 20 20 54 
13 65 80 29 6 31 45 174 
14 67 78 24 6 37 40 208 
15' 59 70 31 7 1:2 18 76 
16 69 79 34 5 12 21 68 
17 89 104 35 4 2.5 27 60 
18 69 66 27 2 31 30 106 
19 86 83 39 4 23 26 71 
20 87 77 32 3 13 11 85 
21 80 80 3$ 6 13 19 52 
22 79 79 37 4 1.4 22 97 
23 64 75 25 9 15 23 148 
24 122 73 26 3 1·7 30 
25 88 76 28 4 3.8 44 104 
26 66 62 24 3 8 15 54 
27 96 74 37 11 20 24 83 
28 75 82 33 7 25 21 81 
29 102 82 36 8 34 28 s6 
30 94 75 38 7 23 31 63 
31 78 75 35 6 15 20 99 
32 63 90 35 7 7 15 71 
33 59 79 31 7 8 13 52 
34 70 86 37 4 21 31 99 
35 69 90 39 11 24 32 sa 
36 67 78 38 6 19 27 59 
37 73 75 28 5 22 25 89 
38 78 82 37 5 15 18 SO 
39 76 89 37 6 14 22 53 
40 79 76 37 6 10 26 80 
41 94 71 35 7 30 42 99 
42 58 74 27 5 19 19 126 
43 67 74 31 6 17 17 69 
44 58 73 26 6 32 32 127 
45 64 84 28 5 31 48 1143 
46 67 68 31 6 13 14 73 
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