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INTRODUCTION



infroduction

The project described in this thesis was inifiated in 1999 in response to the request by
clinicians at Brewelskloof Hospital to investigate whether low drug concentrations
could be responsible for the poor response to fully supervised treatment of certain
individuals who had drug-sensitive tuberculosis. The study aimed to address several
issues unresolved in the literature at the time and oullined below, including: the
normal patient ranges for pharmacokinetic measures of the first-line antituberculosis
drugs: the identification of patients at risk of low drug concentrations; the
identification of risk factors associated with low drug concentrations; the role of drug

concenirations in determining the response to tfreatment and treatment outcome.
ob, es

(i} To measure the concentrations of rfampicin, isoniazid, pyrazinamide and
ethambutol in a large sample of the patient population at Brewelskloof TB Hospital on
the outskirts of Worcester, Western Cape. Relatively intensive sampling was used over
an 8 hour time period following administration of the patients’ routinely prescribed
medicines. The pharmacokinetic profile for each drug was obtained in each patient
on a single occasion after 2 months of antituberculosis therapy in the hospital.

(ii) To describe the normal ranges for the pharmacokinetic measures for each of the
drugs in this patient population.

(i} To define efficient methods for identification of patients with low drug
concenirations.

(iv} To measure patient and formulation characteristics in this patient population and
describe the risk of low drug concentrations associated with these factors.

(v} To measure the response to standard treatment regimens for drug sensitive
tuberculosis in this patient population. Data was measured at 2 months after
admission to hospital and outcome data were gathered until 2 years after admission
to the hospital.

(vi) To establish whether low drug concentrations are associated with a poor early
response to treatment (measured at 2 months after admission to the hospital), or an
increased risk of disease relapse (up to 2 years after admission to the hospital) in this
patient population.

{vil) To measure cytokine markers of immunity in this population and the relationship of
these markers to treatment response.

(viii) To measure the susceptibility of the infecting strains of M. fuberculosis in this
population to isoniazid and rifampicin and the relationship of drug susceptibility to

treatment response.




Background information and literature review

The globgl and regional impact of tuberculosis

o confrast to the generally declining rates of communicable diseasas, the global
burdan of tuberculeds 5 increasing! 2 (The Clobad Burden of Discose!. Yourng children
cned The coonomically aolive age groue are prominently affected®, Whils global
inifiatives are dominated By international inonce and trode, the launch of the Globel
Furid for AlDS, Tuberculosis and Malaria by the UN [2002] s evidence that the global

impartonce of this fhreal 1o pulbhc goods incleding heolh) = recognived:.

The worldwide incidence of new tuberculosis [TB] cases in 2002 was estimated o oo
.05 milior (1417100 00072 Thoe incldencoe rates arg highest in Africa (3507100 OO0 in
2002, with o 7% annual increase in Ihe numoor of cases, in coontiss with S high
Durder: of HY-infoction] and Sul Saharan Africa bears the brunt of this epidemic

ligure 1},

Cigure: 1. The global distieolicon of juberculods (from) wWorld Heglth Grgonization. Giobal Tukerouloss
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In South Africa thore wore approximctely 558 new cases of TH per 100 000 of the
populafion in 20002 The country is rarnked rinth for Ihe fotal numbor ol coses, and the

costs ol TR control in Suuth Africg were estimated to be about 115F 300 rmilion in 20037



There is a particulady high incidence of tuberculass in the Western Cope provingoe:
QRAZO0 D00 0 2005 40 and the rates in the Boland/ Overbrerg reaion are higher than
those recorded for the province as a whole {in 2007 the nombar of new smear
positive coses in the Boland/Cverberg region was 36% above the provincial

PUmler) e

The especiclly high prevalence of tuboerouloss in the Westarm Cape is fuelled by social
conditions of inegualily and poverty. High lovels of unemploymeant, ovarcrawding,
clicohol consumption, smoking, malnutition and distary deficiency of witamin 12 have
boen imolicaled as sk factors for suscentibiity to fulerculasis; vitarmin A and dnc
and may alke be important micronulients for resislanca o tubercolosis™™, High
incidence rates in chilkdren and a high propertfions of recurent coses caused by
recent frarsmission of new M, fuberculosis strains [os opposed o reactivalion of
disnase by the orginal slrain], are evidence thal bigh rales of fransmission amplify the
discase burden in high prevalence areas’ . Cosual frarsmission is believed to o an
impoftont moce of diseass ansemission under these condifions'™ 5, The vinllence
charmctenstics ol the prevalent strains of fuberculosis may confrilzute to the discase
burclen: the putatively easily transemificd and relalively virulent Beiing like strain, 2%, 05
nrevalent inoat lasl one Western Cape community!s, Genetic wariafions org also
delerminants af susceptibility to ubarcuiosis (eqg. vanotions in the NRAMPT gene - the
notral resistance ossocialed macrophage prolein genas's, certain HLA  dlleles,
interleukin-1 and the vitamin D receptor: and altered production of interferaon-y, the
interlercn v recaepion fumeoeur necross footore and inkerlsokin-12 receptor B4 buot
patterns of genetic susceptibiity have not been identified in Western Cape
popdllations as vel, Furtharmore, environmentol factors such as prior exposurs to ather
pothogens may influerce the type and efficacy of the immune response to

fubscrculasis!?.

HIY {human immunodeficiency virus] s the most potent force drving the tuberculosis
epidermic, In Alica 31% ol new adolt cases were abibutod 1o HV-nfection in 200008,
While the waorldwide prevalence ol TH HIV co-infection in aduits was 0.42% in 2000; in
Sauth afnca jand 8 other Affcan countries) the co-infaction rates approached 5% of
the population® in some districts of Cope lown, HYV and T8 co inlection rates are
aleqgedd to e as high s 33 4085, In South Aflico, 0% of luberculosis patients have
HIY inlection't® The size ol the tuberculosis pandemic presents a massive challenge
to global berculosis contral, while inosub Saharan Africa T8 and HIV are colludirg ba
unfold “a lragedy of unprecedented propornbions” [(Nolson sMandela, X inkermoational
AIDS Conference, Durbyan, 14/07/2000].



Efforts to confain the T6 pandemic are lurther thrieatened by the emergence of multi-
drug resistant T& [MDR-18). The problern of Mycobacternium fubercuiosis simultaneousiy
resistant ta rifampicin and soniazid {the most polent anlituberculosis agents currently
available) has arisen whore fubsarculosis reatment regimens have been il concelved
or poorly applied. An alaiming example s provided by the steep aiimb in resistance
rales in the dormer USSR from the micd 19905, folliowing the breokdown aof health care
systerns. The agents used to treat MDK-TE are relatively ineflective, toxic and costiy,

Flguae & Infervenilicns lo nsmgt Ve seatlence O cwents oy which HIV firks the TR optdemis: oooos o
hesoin core Toolites piowviding internsifing cfiors o find ond cure cases of TR, foperculosy prsvesljve
vaumenl Ond nlervenfions oncirst GV o fhe basis of e World Glecilts Ovgancsalion’s pronasod
guidelines [or nofonal molemeniotion shotegiss, e uwninlerupled arows show How IV inlecfion fecds
e tubcrculosic cpidemic: GV Ewreoses the B of M. uberCilosis infecsion oliowing expowme: HIV
promaies the progression of lubercuosls infocion Yo digcnse: the ircreosed noidence of luberouloss n
pecpie with HY nifeclion poses an norcored ik o tubenc plosis rorsmisaon 0 the communéty: onel HY
Ineracaas tre sk of recurent tuborcuings  (odepbsd rom: World Heah Crgonirefion. Stretogic fromessaonk
W cheoraase the burdon of TBAHIV. WHOD Gernevds Switaedane] 2002 WIHDATDSTBA2002. 294

Inturvenbion
against HIY

DU iptraverous drig Lse
ST sexually transmitted afaction
HAART: hiphly actve ansretroveal ‘rasiment

Tuberculosis control

Fewer than 5% of patienls wilh drug sensitive puimaonoary Juberculosis who are fully
reated with rifampicin-posed SCC should iail treéatment or sulfer disecss relapsa '™,
The giobal TB contral intiotive of The World Health Organization (WHO) aims by 2005
to cetect 70% ol smewr positive poticnts and heal successfully 83% of those cases



imrcugh suppaort of COTs [directly observed frealmenl, short Course] progranmess
implementing SCC. Despile recent increases in both 1B incidence and prevalence,
cure rates hove sleadily improved in the Westemn Cope reaion, from 45% in 1997 1o
73 in 20029, Howevel, mojor challenges obstructing successful rsalment tie in
adequale reatment delivery and regular adherence to the cumbersoms trectment

reOimerns.

ruch publicity bas been given to the bunl spearheaded by the Clobal Allionce tor TB
Drug Development. for a new diug Thal wili reduce freatment duralion and dose
frequency. be safe, and eftective against MDE fuberculosis. The aim of the Global
Allicnes is 1o have g new drog in production by 200108 and il will only be effective if

oppied in the context of a broad slraleqy 1o prevan], delsct and Ireat the disease.

A ctrateqy fo combat TB must include effeclve infervenlions |0 corty HIV intecfion and
AlDE, and lhe spread of MOE TE Substanfially increased od flows are recuired for
poverty alieviction programmes. and to support inferventions in the home, the
commonily and bealth care laciities. Acooss to heolth core faciliies provicling
inlensified stforls 1o find and cure cases of TR, luberculess preventive treatment and
inferventions against HiY ferm the basis of The Weorid |lealth Organizalion's proposad
auidesines for national implemenlalion strategies? [fqure 2. Prevention of MOE TB
ihrouah relioble drog suppliies ond good adherence to effective mulipls drsg

containing regimsns is an imponiant pricrity of 1B contral prograrmimes.

kany more will fall victim to tuberculzsis before lhe pandemic is brouaght under

conirof.

Arfifuberculoss [realment

Antiuberculosis chemetherapy was introduced in the 19508 with slrepiomyain. It was
rapidly recognized thal monotherapy aliowed |he early development of resistance.
Two- and fthree-drug combinotions were  herefore introduced o prevenl he

emeargence of resislance #,

I the 19708 it was recognized that Ireaiment regimens could be substanlially
shorlenad by the use of dfompicin and pyrazinamide in 'siod-cowrse! Freaiment
regimens. These drugs are able to kil hose slowly dividing, metabokcaly slugaish,
persisling crganisms, thus sterlizing  luberculous lesions and praventing disease

recurence in the monihs fellowing freaiment. Itis the steriizing aclion of the regimerns



fhat defermines the requisite duration of drug thevapy*. The 'special populalions’
fiypothess fligure 3] explaing how d combination of firsl line anfituberculosis cdrugs

acts synavgislically lo eradicate orgarisms in dilterent metabalic phasos.

Figqure 3 special poputations bypothesis for te actor of anfbactedal drogs on dilteren? parts of the
bowierion! pepulation in Buman esons [aoagtend from: A Sitchison, The Sarod lecture: ndestanding the
chemolherony of fuberculoss curent probtlemes soomol ol Antirmicroeiol Chsmotherong 1997 2% 4/7-
493

SPcciy 00 BACTFEIAl GRIAWTH
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Py
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(7 SPURTS OF METABCLIZM RIFARA P

Lr: DORMANT

Bactencidol activity against rapidly dividing [log phase] omganisms is reflected by the
rate ol kil during the first 7 doys of reatment measured by the decline in colony
tarming units in the sputum e, the eoarly boclencidal activity (EBA), S1edizing activity
coresponds ta the fime o kil the persisting orgaonisms and is measured by the
prevvonfion of disedse relapse after the end of hreatment [ar by The swrogale marker.

spldum cullure 2 months affer commencing therapy;.

A standardised approach is Used in most reatment progrommes o faclitate large-
scole freatment programmes in peimary hedlth care setfings. In South Africa standard
rlarmicin bosed regimens ore used o5 odvocated by the WHO (liguwe 4} The initicl
irternsive phase comgprses dfampcin, isonigrid. pyrasinamide ond etharmbutol (with
the addition of streptomycin In patienls whao have previously received fuberculoss
freatment for more thon 4 weeksi. Duning the intensive phase, the actively dividing
(log phose] bocili should e elminated and the number of orgorisms horboured by
the patient reduced 10 o few persisling crganisms thereby minimizing the possibility of
drug resistance developing duing The cordinwalion phose. Approsimately ?0% of
palients have no viable M. tubercolosi o sputum cultures afler 2 months of inlensive

phose  freatment’™. The comtinuation phose aims to eradicate those  persisting



organisms and comprisas tfamoicn and isoniazid in combinaticn iwith ethamibstol o

cddition lor setraatmenl patienis)

iewre A: Standond healmont recirrens advocated by the Soub alicon Tebs culoss Coalral Progrormese
for cacduils wilts rivog suscepnible lubercudosis Prome Thie Sauth afican Tuberculasis Contral Prograrmnme:
Pracic ol G icdelines 20T
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Fwe rover hesn neated lefors o nove provio sy Beon trealed for l2as o 4 wioeks.
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RESGIMEN 2 — RETREATMENT OF ADULTS
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Eilampicin-based, shorf-course regimeans and directly abserved freatment

The:  widely recommendsd DO jthe brand  name ol the intemationally
recommended lubeaerculosis confrol strodegy; Directly Oserved  lrecimenl, Snarl-
couse] concentrates on case - finding and cure. Approximately 4%% of the world's 14
potients live in areas now covered by DOTS programmess yet 14 contral proarammes
resudts are sl seversiy hindered by the lack of better und affordable dicgnastics and
rore effeciive medicines®™, The cumrsently recommended antituberculosis trectment
comprises shorl course chemolherapeotic regimeans [SCC) of & 1o 8 maonths, winich

cortain dlampicn for ol least ne first 2 months [dudng e intensive pnase). Toe



preterad regimens contain rfampicin throughoot; This alffiows the trectment cowrse (o
be shortened to & monfhs for fhose on IR treatment lor the first time. | lowesver,
concerms of increcsed  resislonce o rifampicin have led the World Hedlth
Qrgamzafion WHO 1o strongly recemmend that all rifampicin doses should be strictly
supervised. Nonifarmpicin-containing continuation phases have therelore been used
widdely it countries unable to support directly obsarved freciment for the Jul duralion.
Recent evidence sugnesting worse  outcomes for HiV-infected patients f 1he
confimialion phose ol freatment does not contain dfoam picines S increased aocoess 1o
cirugs rouah the Global Drug Facilify; and increased support for MO05 programmes
by the Global tund to tioht AINS, fuberculosis and Molong may l2ad o more

proorarmmes Using nfoampicin throughout the freatment couree,

The use of iked-dose combindlions (FOCs) ol anfituberculoss drugs 1§ encourded.
They hold several advontages including simplified procurement and  prescribing
praclices and O reduced sk of goquired dreg resisfance. Because the drugs are
agdministered in combzindation, resistant mutants are less lkely 1o be seleclad whean
(105 are wsed in the seting ol erahc dug faking or freatment interruplion=5 Whikile
e e of FDCs & recommended by the W and the IUATLE Hntemclional Union
Against Tuberculosis and Lung Discoase), reports of infernior bicavailatlity of dfampizin
in several FOCs™ ¥ have lead 1o a joirnt statements by the organisations thal only

those FODOs with proven nfoampicin biodvailability should be usegdisd,

mMecharisms to ensure a reliable supply of dnigs known 1o be of good qualily are an
important daspect of mplemenialion shralegies and are supported by the recenty
established Global Mrug 1 acility [CRF)2E. Of special concern is the bioavailability of
rifcrmpicing fhe guality of the raw maiernial [the particle size and crystalline form)?, the
neiture of the excipients ond  exposure to heot ang humidity during the
manufactuing process are repoted 1o be important {actors, Recent reports of
accelerated degrodotion of rfampicin n FOCs under condiions of Haby amisernt
lemperctoras (4000, homichty (Z5%E1) and light, imgly that storage condilions may
be very important?. 1 s hypolhesized hat an inleraction between soniozid ond
rfampicing which may be augmenfed by the presence of ethambutol under humic
conditions, 1§ responsible? . turthermore, the drog s relatively insoluble inowater, s
subject 10 enlechepatic circulgtion®2  and dissolution testing does not corelate
well with hiceguivolences n vivo lesling of the biogwailabiity of Afampicin-
containing  products in human voluntesrs B therefore o genedlly  accepted

requiremean! prior fo reoisirafion ™.



Thez frezaatrment sueoess o

&

Imitictl fricils of Afampicin-bosed 520 regimens had succeass rates of more than #5355, but
o small proportion of patients falled freatment or had relopse of disedse in spite of the
controlled stody ervironment!™ . Conceivably, sub-optimal systemic dnig exposure
couldt play a rols in those palients who Sove o poor freatment response oven undeoer
the study conditiors o sxcelant and assured drug quality and delivery, Tully drog
seersitive cracinisms, with dinical disease confined to the lung. and mited or no co-
ok lness. IF low drug concentations in some indwviduals are confibutory under
aptimal conditions of drug delivery. they mion! e caually or even more important in
widely implomeanted treatment control progranmes. Low drog levels may Be more
critical in the contest of incomplete drog delivery, suls optimal drog aquality, on aroy
of discuse presentations (the site and metabolic state of the orgamsm Being
relaevant], seversly il potients with co-morbid disease and malnutifion who maoy e
vulnorobic to altored  drug phamaocokinetics, and  compromised  immunity. 10
addition, the possibility should be onterained of sob-optimal guality drogs Being
porticularty poorly atsorbed in patients with more severe disease of malnutntion. i s
ikely that fregtmont falere o foberculosis recumence results friom o complox
combination of factars thal varies from patient to potisntt! The relative mportance

of the interacting determinants of cutcome i poorly understood, [figure 3)

Figrg S0 Inleraching and ooorly undarsicecd laclorn dedermine therapautic cotcome.
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Non-adherence 1o freatment regimens is the most important risk foctor known te be
assaCioted with poor fradatment cotcome. Howover, cartain patients ore more prone

o diseass relapse; externsive pulmaonary cavitation. extensive rodiogrophic changes



on the protreatment chest Xoray, male sex, and advanced age are putative risk
factors 1 =2 smoking, diobotes, low body mass, and a previous Bistory of heatment
for iuberculasis fuave also been associated with worse treaiment outcamessaesan Hpy-
infected patients are more likely te relapse after rfampicin-spaning chematherapy (6
month regimens with twice-weekly dfompecin in the continualion phased, S-month
regimens wilh orly 2 mantbs of ifampicin?, 12 monih regimens without ifaomgicin?):
and the presence of extrapulmoenary disease in addition ko pulmanary tubercidosis
and drrg abuse ore ndependant fsk faclors in this group® . Furthenmore, HIY-
nfected palicils are atb a higher sisk of relapsing with rifamycin resistant M.
tuberculosts Than HIY negatfive paticnls when highly indermitfent dosing regimaons are
used®, These pafients may require doses at the lop end of the dose-response curve

or mare frequent doses for optimal freatment outcome.

The: inheren| susceptibilily of s, fobercidosis 1o the anbiluberculoss agents may vary
between different solates loven amongst those organisms cotegonzed as drog
sensitive). A more refrociory metabolic sfafe of Mycobacterdum fubercidoss maoy be
resporsible for the increased dreg folerance observed in solates from patients with
prolonged bocteral persistence or decose relopse. Thase pafients infected with
strefing howing bigher MICs can be crpeacted fo require bigher drug dosas to achieve
Iherapeutic response, and s may be mportant in pofients achieving  drug

concentrations below the normal ranges.

The qualty of drrg product and dolivery of adequate drieg doses s emphosized,
Howover, as 5 evident from fhe studies summarized in the lollowing section, the
relafiorship bebeween drog plosmo concentrations and drcalment autcomes in
tuberculosis potionts has not been defined, and 1octors associcted with iow drug

levels in patients hove not been adequately desarbed.

Drug concenirations in tuberculosis patients

Several solated reports of low armfifuborculosis crug coencentralions in patienfs hove

emerged in the iterature since the carly 19%0 s

he case of an [ IV-infected poticnt with o malabsorptive disorder and dissemincted
tuberculosis was described in g dstier published in The MNew England Jowrnal of
Medicinge it 19925, The concentrations of dfampicin, soniazid and pyrozinaomide ot 2
ond & howrs atter drog ingestion were found 1o be low when compored to tho

“normal range! for the peak concentrafion. (Table 1; Case ).
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Subsequently, ancther report from the Undled Slales described  low plasma
concentrofions  of  soniozid,  dfompicing ethombotol, cprofloxacin and,  less
dromatically, pyrazinamide 2 hours atter drog Tngestion in 2 Hiv-infecied patientss
(Table 1; Cases | and . The levels of soniazid, riagmpicin and pyradnamide are
showery ir Tabilke 1, One palient hod evidenoco of malabsorption (Case 1 the other
did not {Case ). Goth acquired drug resistance (Bololed rtampicin resistance in one

preaticent and resistance o both nfampicin and saniozicd in the othen durng treatment,

Coases of low drug concenliations in severely il TB patfients without HiV-infection were
also described, A man wilh exlensive pulmonary tuberculesis foiled 1o respond 1o
oral theropy, Bifampicin concentrations measured one and three hours after dosing
were e and .5 mogdl respeciively. Climical inprovement was noted only after the
Afampicin and soniazid doses were increased and given intravenously®. In another
case report, low rifampicn concerthialions were implicated in the death of o woman
withy drugy sensifive pulmonary fuberculoss and no known immunosyppression. The

concentrotion of rifampicin at 2 howes after ingestion was 2./6 mggl.



i the absencs of targst drog concenfralion rangos for ootients, *he alosmio
concanlraflions  moasured wore compared  fo published  recommonged drn
concerdtahon ranges demved iargaely from healthy volunleer sludies > Those ranges
are oot approprnate for potiends established on theroy e discussion below! . For
most of thase pofient coses. soreening for low drog concenfrations wsed a single 2
Fiour Dicod samalc; the possibility of delaved absorpiion which may ooour more
frequently in palienls tharn in hoeolthy voluntesns, eg. thiouah delkaved  goslic
crmphying| was not occourted for in adodifion (o The oossibly sponious assuestion of
[ cirud Evoavailability in somoe coscs, other foctors may have confribuled o tho

ROOr reEsponss "o Trealmeanl e low drog doses.

Subseauently  The findings of several studies  describing onlituberoulosis  drog

concentrations in patients hove besn publisned,

Peloouin ot al. studicd *he screm concenlrafions ol ardituboreolosis drugs in o seriss of
26 poficnds with AIDS 0 lhe United States and Pusrto Rico, ihey found that most
palienls had low 2-howr levels of dfampicin fabogt 79% of patiends), clhamibitol
fabou 83% of pationts) andg soniadd (oboul 0% of paficrs) o comparison to the
oronoscd moomal sanges, two o polienls bod very low (2 30% of tho 'ower lingf
arcaosad 2 hour concentrotion) concoentrotions of rfamgicin and isoniozid, 0 spite of
the provolenoe ol low concentralions of the tao most active antituberculosis agonts

‘Twas noted that oafients generally seemed to have a good response [o lreolment,

Unlodunalel, no contral subjects without AIDS wore studicd, nsiead, fthe blood
concentrations moasured were compared o the  recommendsd Z-hour
concontrations doenved from values in The literalore and pharmacokinstic studiss /s,
Tre prooosed rarges argely reflect the concontrations in healthy volunloors and ore
net suital'e for palienis esloblished on therapy. o particular, substantially lower lowcls
of ffomoicin ore expecled as aufoirdection ococws with repeatod  dosos?,
Furtnermors, dissasse and malnutrfion may alter absoration, dislnbahion, metabolsm
ard sirpiration of dogs by several mochonisms  (although imitcd cwidlence 68

awvailobie i this pooly delined figld: figurs &



Figurss &: Diseasc ety alter the pharmacakinelics of drags by sovienal meohonisms.
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For mas! patients, g single blood sample laken af 2 hours after dnig ingestion was
wsed 1o defve the diug concenfrations, A single sample carnc! represent the peak
concenhation  for o numbor of different drogs; Tor example. the maximol
corcentration of Boriadd in most patients s achieved carlion than 2 hours after drag
admirisiration, and that for ethombotol otorsss766 86 also, scant sampling doos not
accurately reflact the peak drug concentration duing o dosing interval as The time
to puok diug concenlration varies widely botween patienls. indeed. Peloguin et al.
tournd Yhat the ifampicin concoentralion ot 4 hoors aller dreg administration was

nigher than that at 7 hours in 3 ol the 4 palients sompled at both timss,

The implication of scveral of the emording reports that [ow drog Concenlrations are
linksd to HV-infection [or ANXS), is supported by the findings of Sahal & alé?, Healthy
voluntoors and HIV-infectod porsons withcot tuboerculosis woere given anfituborculosis
drugs for 4 days, Ssnicl blood samples were then taken over 24 hours o generale
concentration-time curves for rifampicing soniazid and pyrozinamide. The moean peak
concertrdlion [Cmaxgy and |he ared under the concentralion-limea curve TAUC) ovenr
44 hours of ffampicin were decredsed by 41% and 32%, respectively, in Hiv-infecred
parsons. The exddenl o Ine decrease was relaled to [he seventy o HIV-infeclion. In
fhose with asymptomatic HVY-infection and D4+ coll count above 300 cells/mm?,
the mean Cmax and AUC values were reduced by 34% ond 29%, respectively,
compared to those of healthy volunteorns. i tnose witn symptomatic H-infechicon,
CD4+ counts below 200 and cols/mm? and witnout diarhcoea the reduciicns wore
473% and 3i%. respectively: and in those with AILS and chronic diarhocg the most
marked reductions were seen in pharmacckinetic measures, with values of 44% and
35%. respeclively, Pyrodnomide showed a similar rend, although the mean peak

concontration and AUC yalues were redouced in HIY-infeclaed sukiects o QO lssssr



extent than Tor mamptcing The maximal coencentration of soniazid waos significantly
deiayed and reduced in those patients with AlDS and chronic diarheea, but was not
alfected in AIDS patients withaout diorncea or these with asymplomatic HV-inlechion.
The altered pharmacokinelics wiln HIV-infechion was attiboted to molabsorpticn of
the: drugs, However, changes in D-xylose absorption accounted for only 31% and 17%
af e varakdily of Afamipicin AUC and pyrasinamicde ALC, respectively, As the study
did ot nclude TB patients ihe pharmocokinetic impact of fuberculosis or oo-

Infection with tuberculoss and HIY waos not evoluoted,

Conversety, sludies 0 fuberculosis pationts from Kenyva ond Soutn Africo foiled to
show significantly lower drug concentrations in paticnts with TRAY co-infection,
compared to fuberculosis patients withow? HV-infection™ . Furthermore, o study in
Thai luberculoss patients with AIDS demonstiated good peak concentrofions of
riformpaicin (mean Cmax 7880 mgd) + 4410 mgf). afnowoh no controt Qroops dola [rorm

tuberculosis poticnts witnout AIDS; wers reported™.

In the Kenyon study, neither HIV-infection nor diarhoen wos associated witn the
varichiitty in the pnammacekinetic moosores Smax, AUC or terminal haif-life of
rilarapicing, soniazd o pyradnarnide. 0 this study 14 HY-indected and 15 non-HIY-
infected patients with lubercuiosis were admitted to hospital and commenced on
standeardized doses of nfampicin (600 mg /daily dose if = 45 kg; 450 mag if < 45 kgl
isoninzid (300 mo/day]. pyrozinomide (L5 g/doy) ond ethombutc! (800 mg/day).
Fhormacokinetic profiles of rifampicing soniozad ond pyrazinarmids were deterrminegsd
after 2 weeks of reatment from blood sompies drawen st prior to drog administration,
cnd ot 0.5, 1, 15 2 4, 608 and 12 nowrs afier drogg ingestion. As showrn in taibie 2, the
leveis o rilampeicin and isoniozid were rmarkedly redoced in comparnison o fne
recommendsed ronges in the iterature and  kighly  warniable, whilst those  of
pyrozinamide were generaily within the recommended ronge: and iess varable. The
nen-narrnalized Cmax values were below fne recommendad ronges in the iiteroture
in 90% and B8Y% of patients for ilompicin and iseniodd, respective’y. Tne authors
sLiggest thot mainutrition or weasting may have condibuted to malabsorption in the
patients studied. Most of the potients studied were cachectic: the mean body moass
inde was 170421 kg/my. The consecuendcs of such low drug levels was not ossessed

ir *his shuchy.

Ther studdy in Cape Town i 13 fubercalosis patients witn AIDS and 74 patients witnout
Hiv-inlection also demonstrated fnot HY infection wos not ossocioted with loweeer

concentiations of nfampicin, soniand o pyraznamide (table 2], The evels reponed



ware higner than those in the Kenyan study and the body mass index was, on

arverage, highear — but differences i the dosing regiriens and e sampling schadules

miay be parthy responsitle lor the migher Cros valoes reporlsd Poothe stody in Cape

Torwti, sormiples were dicwn at 20 minute intervals between @ and 4 hours), alsa, the

phcrmacokinetic measures wers not nommolized to a 70 kg body weght.

“able FPhamrocokinsds rreasues ol dlarsp i, sonioga] ancd parczdneendes B policels estabuis ot o
Iresalmens rcoimens (osless olhossise slotecl® s Cross compotizon sheold be owdth coution as ditterent
pactient szlcclion oritenic, closing sohachules oned samping soneddu s wiste usedd, ang diltesen | anale ool

lechricpazs o e oned for cun Concentration ceietmemnion.
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I an coservalional study™, investigating  the concentrations of rifampicin and
isoniozd at 2 houors after drug ingestion in non-Hiv-nfected gduits with pulmonany
tubcreuloss who wore not responding well to trootment, the drog Tormulation and
cHeohol use were ossociated with drug concentrotions. Bifompicin concentrations
wers found to ko highor (p = 002} and soniosd [ovels lower (o= 0040 in pationts
giviet o fiicd dose combinalion fablet of the bwo drogs compared to the
concentrations meqswred in patients ingesting snale drug products, Alcohol use was

associated with highor nifampicin concentrations (p< 001}

Vo Cirevel ct al™ found that females had higher drug conhcentrations than males
Habie 7). Howewvor, tho most important determinant of the 2-hoor dfampicin
concentrotion was the formulation. Thosc patiorts foking toblets suppled by one
porticutar manuiacturer had sigaificantly lower concentrations, in spite of cgeguate

rifamigpicin contant of the talslet,

investiooting
flndd

Eronchoobeclor lvoge) . and picasmc of e and wormen with and without AIDS, bot

The recently published  findings of o smaoll study rifcarmpicin

concentrations in the akeolr cells and  epithelial ning [obtoined by
without tuberculosis. failed to show an offect of AIDE o sex on plasma levels at 2 or 4
Faurs after drog administration, However o there were trends to highor alveolar caoll
rifampicin lovels (obhtained at 4 hows after drog dosing) inwomesan than in met, and in

smoking women than in non-smoking women. ™



In o ostudy investigoting the impact of undernutition on the pharmacokinetics of
rifarmpicin. Polosa et ais found that 8 subjects with mean body moss index (BM of
148 kg/mi heed sigmificantly lower drug concentrotions thoen 10 healthy subjocts with
Bhils above 18 kg/m? (mean Bk 21 kgfm?) aftor a single 10 ma/feq dose: the medan
Cmax(+ sem) volues were 541 (+ G.EG) and 11.0% (£ 1.27] mo/l, respactively, and the
AUCs 4224 1+ 4.22] mglhrfl and 5212 [+ 4.%1} mo.hedl, respectively, The authors cite
molabsorption. changes in distribution omd increased renal Clearance as probatile
recsons for the differences observed. Ten undermourshed tuberculcsis patients with o
mecn Bl of 147 kg/me, cstablished on o rifampicin containing freatment regimaen,
bt {urthor reducticons in the Doavailability of the drog [moean Coox [+ sem) of 403
[+ 0.53) magdl, and AUC 2411 [+ 2.28) mghi/l). Unfortunately the study iacked well

nourshed tubercoloess potient contrals,

Reduced Doavailanifty ol soniadd ond rfampcin s observed In poatients taking feod
concomiartly. /55 fent et al, found thet ingestion of o high corbehydrete meal with
cintituberculosis medication doloyed mampicin absorption. ond decreased Cmox
and AUC votlues for isoniorid by approxdimately 20% in o greup of 27 patients in the
western Cope. Concomitant ingestion of o meal high in ipd cauvsed a smaller
reduciion in sonicad levels, Pyrorinomide concenfrations wore unalfectoed. sost of
the reported patient studics have ensured drog administration on on empty stemoch,

thus climinating [his scurce of voriakility,

The results of 2 reports™ 7 sugaest that ¢ high proportion of potients respending ooy
{3 first line therapy hove drug concentrations beiow the target rangoes in the eratune.
lerweaver, the diog levels in pofients responding adequetely 16 treotment were not
mecsured in either study. Therefore, it cannot e concluded that a bigh proportion of

portients with low drog levels have indendor freatment responses,

Kimerling et al? moosured @oniadd and dfampicn concentrations in non-HIY
infocied patients waith o slow clinical response [foilure to convert the sputurm colture
within 12 woeks), trecrtment failure or disease relapse within 13 maonths of being cured
or acquired drgg resistance whilc rocaiving dircctly observed thorapy, Fourtecn of
the 27 [44%) patents eceiving fistine  heotment. had  2-howr rifampicin
concentrations iess than 8 mg/! (the lower imit of the publshed target range) and 6
of the & potients [75%) receiving oo 300 mg dose of [oniozid haod 2-hour
concenirations less than 3 mgfl [the lower limit of the Z-hour reforence range for

moniazid s fable 2}



Mehia b al % idenlilied 6 of 124 palienls freated for pulmonary teberculosis for the
first time who were responding poorly alfer 3 monlhs on standard freatmend [positive
sputum smear of culture, or poor clinical of radiographic response). All six patients
wizre: lound fo have ow concentrations of rfampicin (less than & mgdl ot 1h and 2.5
hours after drug inagsstian under lasting condilicns (table 2). The dose of ifampicin
was increqased from a00 mg fo 200 mg and then to 1200 mg in cne patient
Dispraporfionately increased rfampicin loves woere measared af the highoer doses.
lmproved responses o reatment were observed lollowing the dose increments. Too
forw pationts were cramined to dow conclusions aboot foctors associoted weth the
loney levesls, ot anby one of the patients was infecloed with HY and balt cof the paticnts

weere Cllembolics,

Without contral sebyjects 1 cannoed e concloded whoether lowe doog o lesels are
signilicantly associated wilth the infenor respome Lo freatmenl of the patienls in These
shetiss, However, circumstantial  ovidence  that low drug concentrations are
responsible for poar reatment response in sorme patients is provided by repaorts ol
severdll coses responding well o increosed doses of antituberculnsis chiugs, after ow

concentrations had boeen doetected oninitial standornd doses, 52540

In contrast, Manta ot al imply that dnog concentrations are: not important predictors
af tuberculosis recurrence! . They meaiured niampicin and soniadad cancentrations in
approximarely half of the 188 patients in thelr study designed to daetermines thoe risk of
recumenne gssaciated with low serem concantrations of [he 2 cogs, HIY infection,
age, sex, slica dust exposure. imection drog use, C0R4 cell count less than 100 collsfmil
and HIY RMNA lood greater thare 150 000 copies/ml. The findings in 25 [13%] paficrts
with tuberculosis recurence weare compared (o those being freafed lor the first ime,
A multivariate logistic regresson andalysis was wsed to assess the risk of recumen!
fuberculosis associated with the above-mantioned covarate factors, and nane ware
found to be significan! determinants, The results are inconclusive for several reosons,
Thex assurngption was rmade thal the measwemenls of covanate lactors measwsd in
patients with recorrant disecase wore representative of these focters ot the previous
freatment perod, in spite of no indication in the report of the time 1o relapse from tne
pravicus episode of tuberculosis, The assumztion halds for fixed faciors such as sox,
anct may hold far factors such s slica dust exposure, injechtion drog use and HY
infeciicn, depending on the fiming the pravious episode of tuborculasis and the anset
of the sk lactors, However, CD4 cell count, virg! lood ond drug concentrations may

wall he quite diffcrent. Sceondly, the scant sompling wsed to delermine serum drug



concantralions  [drug  levels were measured ot 2 and & hours aftor drog
administralion) might nat accorately reflect diug edposore doing thaf desing inferva!
s the fime ot the peok drug concentration waries. Thirgly, the serum drug
concentralion was dichotomized ab the lower Imit of their doscspecifie cxpoeotoed
ranges | < 3 g varsus = 3 mgd for potients recciving 300 mg doses of soniazd daily;
< % gl vorsus = % mo/l for polients receiving %00 rmg isoniazid twice weekly, and < 8
mo/l versus = 8 mg/l {or those receiving rifampicin 400 rmg daily), As these expected
ranges bosed largely on data from healthy voluntoors are not appropiate for o
paficnt populalion sstablished on therapy, the impact of the lowest concentrofions
may bave been missod in this anolysis, Lastly, only 25 palenls with recurrence ol
tubcroculasis werne included i the analysis, | drug concentrations were measured in
appreximately half of these [the exact number to underge pharmocokinetic onobysis
wis not reponcdy. and the varability in drug concendrations s high s reported in
cther patient sfudies, the study may have been under-powsared, s suggested by the

wide #5% confidonce intorval irmits.

The recently published findings ol Weiner el ald desorve attenfion, aven thoogh [he
refrospeciive nafture of the phormacokinetic evaluation has inherent woeoknesses.
The iovels of rfomycin and seniodd woere ovaluoied in pafienis emrolled  into
Tuberculosis Tals Consortium/ United  $ates Public Health Service Sfudy 22, which
compared the aciivity of onco-wockly nfopenting pivs isoninzid to dwice-wookly
rtampicin plus isoniozdid duning the confinuaticn phase ol antiiberculess treatrment,
In the primary evaluation, g multivariate analysis found that soniczid levels were
associated with an incraased sk ol peor lreatment outcomeas in [hose receaiving 1he
once-weaekly regiman, byt not in the group receiving drug dosces twice o week,
Filarmpicin and rifapenting levels were not prediclive ol treafment oufocome in this
analysis. This is the first evidence that soniazid concentraftions may ke an important
doterminont of freotment culcome, at least in highly intermittent dosing regimens.
ke association of acetvlator slaius with freatrment cufcome strenglibhens the finding
and s supported by previous studios lInking rapid ocetylaior stotos ond freofment
fgilure on once-weekly regimens *, he doig sugoesls thal dfanycin and isoniazid
levels are net important for freatment outcomes in palients without HIV infection
receiving fwico-woeskly ieaimeans; however, |his populafion specific finding should be
interpyretod  with coution;  the  refiespoctve natore of  the  phormocokinetc
investigntion might be porficulony unreliable for predicting nfompicin lgvels ond

vanahion therain,



Iry sumimcnry, il & eslablished Thal i rmany studies, paiients have peok onfituberculosis
drug concentrations lower thon the therapeulic ranges advocaoted in tho terature,
and that the low concentrations might in some droumstances be related (o HIY-
infection, alcchol vse, undermutrilion, muale sex o drug formulaticn. The implications of
thase findings are not known. Approprnate rangss, for the dieg concentrations or
Glber pharmocokinelic roeasures, based on sledies evaucting the effectivenass qnd

toxicity of treatment have not been established,

In spite of poor characledsalion of TB drug concentrations in potient populations, the
unkrown implications of low drug concentrations and the lock of validated mefhods
for detecting sub-optimal drug exposure, the use of therapsutic drug montorng hos

been gdvooaled. s B

Rifarmpicing pharmacokinefic concers

sysfemic concentrations of rfamipicin in the contex] of tuberctosis fredatment are of
particuior concem for several reasons: the drog s known 1o hove unpredictable
Bioorvailablily with highly vardable plasma concentrolions; i displays dose-depandent
efficacy within the clinically elevand range; it is o drug of pivetal importance in
confemporary shorl course anliluberculoss chemotheropy; and 1 s assocated with
several important phormocokinetic drug-drog inferactions, I this thesik., greater
attertion wil therefore bBe locussed  on rfampicin thon the other firstline

antitubrerculosis agents.

The unigque sterlising aclivity of nfarmpicin haos maode if possible for the doration o
trectment regimens o be reduced substanlialy 788 Together wilh Sorioed, 1
forms the backbons of modem shorf-course chemotheropy, and rfampicin = an

involuabie part of treatment regimens where it con be aofforded,

Rifompicin binds to the introceliular target DNA-dependant RNA polyrmeanose, Ihaereby
inhikiting mMERA synthesis®. Midations in the oo ngene of M, fubercoudiosis conder o
Righ level of resslance™# and arg found in most resisland isolatess = Approximoiely

1m 105 crganisnns are resisfan] wilhiool g selechion pressures?,

The minimum inhibitory concentration [MIC) of rifampicin for M. febercolosis s aboud
0.25 mgfl in broth anddd 0.9 mgdin agardt The minimem bactercidal concentrotion
ftABC) s cbiood T madl in Tween containing mediom, and it is estimated that the

plasmo rfompicin concendration required for the some bactercidal aclivily in



infected lung lissue & T0fold fo isfold that of the MBCH Therefore, optimal

anfimycobacteral concentrations should itheoreficaly approach 10— 15 ma/l.

Reference ranges of 8 — 20 o 24 mgfl are widely queled for the peak rfampicin
concentration [Cmaxi 3578 Howeaver, thaese ranges are baced largeiy on heolihy
voluntesr doto, ond. os discussed previously, are not appropriole for patierifs
estabished on freatmenl. indeed, mast reporled peok concentralions in palien
populations estakliished on freatment foll below this range (tatdle 7). with free drug
concenfrations lkely to be well below those thought o hove optimal i vitre
boclerdcidal activity in many patients, lurthermore the concentration of the unbound

fraction at vhe siie of action may be consideratdy lowser than that in the plasrea.

Concern regarcing  low rfogmpicin concaniraiions & osupported by the dose
dependency of fhe drug's aclivily, Studies in mice have demenstrated  dose
dependent efficacy over the ronge of 5 to 40 modka®, A study in potients
dermonstrated significanlly reduced early baciencidai activity of a 300 mg dose
compared to 400 mo% Patients recehang infrovenous dosing with dfampicin
[ossociated with higher systemic concenhalions) achieved o negalive sputum
cutture more rapidly than those who received oragl dlampicing.. Furthermare, a forge
clinical sludy showed hal doses less [han  mafkg are associoled with worse
treatment autcaomes*, and the combination of rifampicin (in the recommended
doses) and isonazid fais to prevent the emargesnce of soniozid resistance in sorme

potients,

While most patients are cured by standard reatmenl regimes previded there s good
trectonent delivery and adherence. it s possible that increased doses. ot least in some
paatierits, might be more effective, and it moay also be possible to shorlen the doration

of treqtment by such opprogches¥m,

[he pharmacaokinetic measure that coresponds best with anfimycobacternial activity
for rifampicin = ot estanlished. However, v is hos Deen suggested that the Cmax
RAIC ratio should be moximized, o5 rifampicin acts on infracedular targetes, The
imppartance of an adedguate pedk concentration rather than o sustained level 15 also
supporied by the lohg post antibiotic eliect demaonstrated in vilko and the efficacy of
oampeicin based infermitlent realmen! regimensBasiss Tha AUCMIC wos found to
e g better prediclor of baclernal count reduction than Cmoxfrals or the time that

rfampicin concentrations remaned anove thea MIC, ina munine model#



Allbouagts sorpe studies indicale armost complete absarption of rifampicn, dota ore
insufficignts dore recent evidence sugaesls thal this Irequentiy s not the case, and
that  reduced bioavalability may,  in part, be  due oo formulafion
choractenstics e a0 Bifoampicin s best cbsorbed on an emply stomoch. Delayed
and reduced absorption have been eported when it is foken with food 2 Gastric
pH moay also influence absorplion; acidibhcalion with hisfamine waos observed to give
levels 2 fimes higher thon those observead after administration of the anlacid No
bicarbonate™. Maximal concentrations are highly voriable between studies and

incdivichuals, and are pommally defected rom o 4 hoorge s

lm plasma, 80 1o 20% of dtampicin 15 profein Doond®s The diog distiibotes well to
lung, sfomach wall, fat and breast milk, with concentrations greater than those in
plkasma 12 hours after diog administeotion,™ bot not approaching peak plasma
levelss. Carebrospinal fluid (C5F) penaetrafior. estimated by the ratio of the ALIC in
the CAF to the AUC in plasma, is abrout 22% with uninflamed meninges™. The
concentrotions of dfampicin recovered in salivey and nosal secretions cre lsss than |

Mg /171600

The major metabalite of dfomoicin 5 the micmbiclaogically active compaound 25-
desacelvlitompicire, It 05 relodively wotersoluble ond 5 eliminoted  aiong with
unchanged rfampicin largely thiough Bilary excrelion and to o lesser exdant throwegh
renal sliminalion. The excretory copacity o the liver s salurcled ot doses of 300
450mg causing the halt-life of rfompicing and comespondingly. the proportion of [he
drug eliminaled in the wine to increme with larger doses™ ™, With repeated doses.
rifompicin s sliminated maore rapidy and The hoif-ie s redueced. The eltect s mione
marked with 200 mg than 300 g doses and s maximal al abool & doysH 91, The
citaircuction s thought to resoit largely from indoction of desocetylating hepalic
asterrse enrymes although induction of glucuronidation may also play a roles2?2000,
The recovery of rifampicin ond, 1o o greater exdent, |he recovery of desoicetyi-
rifcimipicirs 0 the Bile are increased ofler repeated dosing™, sugaesting Thal Biliory
excrelion may alko be nduced, Rifampicin is a known P-givcoprotein substrate and
an inducer ol this proteine This relatively non specific fronsmembrane protein
transports many drogs and other sutstances out of the enferocyte and ock inlo the
inlestingl umern, and it s aso expressed on the canaicular mernbrane of Hhe
hepatocyteait: - P aycoprotein  exprassion  may  therefore e an important
determinant of the exlenl of dfompicin's absomplion trom the intestine, Lifiary

alimircition, and first-pass metabolism and the extent of autoinduciion jas it & a



determinant of ofompicin-inducible expression of drug metabolizng enaymes?s) . P-
glycoprolain expression in sites such as the Blood brain baricn he blood les|os
Broaricer, the ploconta, and pmphocyte celi rmombrones 125057702 moy ase affect the

distribution of ifampicin between tissue and cellular compartments of the ody.

Less than 50% of the iampicin dose was recovered in [he bile and rire as iifornpicin
and desocaetyi-ritaompicin in studies by Acocela et ai, More recent evidence sugoests
that it s dikoiy thal the iow rccovery relicots poor ntestinal absarpdion? andfor
prefigpatic fistooss metaboism?® o Although an alternative moetabolic pathweay
wiisteby ifampicin s melabolised to o highly polar gliceronide conjugate has been

suggested, the impomance of this rowte bos not been confirmed ™.

Aftor osingle, 800 mg dase of rifompicin, the 24 hour urinary excretion is about 10% of
the dose, The amount excrated in the uring declines with repeoted dosos o d - 4 T ol
the dose™. This 5 consistent with the finding of ncrecsed biliaory excretion once
autainduction s establishoed, A denvative of tfempicin, 3-formylrifampicin, is formead
spontanecushy in the vrine especially under acid conditicns®: ¥, and confers alout

10% of the urinarny drnig activity.

Affer a single 800 mg doss the hall life of rlampicin s approgernately 3.5 + 0.8 hours.
With repealocd adraimistralion il s reduced to about 1.7 + 0.5 hours?eé, Potients with
impaired iiver function [due to cithesis, chremic hepatitis of acote viral hepatitis) have
reducoed nfarmpicin ciodaance® 1 Clearnnce s also decreosed in poatients with
compromised renal function, however, o the ciearance s estimaicd 1o be only

dbout 127 of GFR dosage reduction is nol recornrnsnded??,

There 5 o high degres of varaklity in the initial and nduced plosma concentrations
of rfampicing In addition lo vanalions betweesn individuais, significont doy-to-doy
variations are recognized. Varations inorotes of drug dissolulion, gostric emplying,
rmetabahsm o excrefion moay consiitule relevan! dynomic effects? Variation n the
content and quality of the product ingested may also be conlibulony, Indecd, as
described praviouwsly, the requirement for n vive bioovailability testing of rifampicin-

containing products s wel recognized 2353407

Rilampicin & known lo induce the adlivity of sevemn! metabolic enrymes including
severdl of |he microsamal oyvtochiroms 450 anmymes [DYP3IA4. CYPIAS CYPIAZ,
CYP2A4, CYP2B4, CYP2CE, CYP2CR, CYPPO1P, and possibly TYP2D4), UDP-

divcuronyltransierase, sulphotransferase, the estsrase engyme catalysing rifampsicin's



awn hydrolysis 1o 25 desacetyiifompicin  and  offhers 0205 ) also induces the
expresson of the transmembrons efflux pump P-alycoprotein'™s, while ifampicin's
interaction with the PXE [pregnane X reception orphaon nuclear recepiar resulting in
rapidly incredsed expression of CYP3AY i described T, much s still unknown about
the meiabclic effects of the drug. The clirical relevance of interactions witn mony
rugs via Ihese mechanisms hos been eslablished, Syslemic concentrations of dro
subsirates of both Poolveopretein and CYP2RA4 are porlicularlly aoffecled by repealed
doses of rfompicin™?, Bipecialy relevant examples include the antiretroviral profease
inhititors; dfampicin has been shown fo dramaticolly reduce concentrations of
lopEinavis. saquinavir, amprenayis, indinayir and nelfinayi! 14, As the extent of induction
may e dose reloied. the magnitude of exposure 1o nfompicin and vanabilily in
fifampicin concenirations may be of impartaonce in guantifying  the diog dog

interactions,

While rifompicin has o diamdalic etfect on the melabolism o many concomifantly
adminisfersd drugs. few drug interactions resulting in alrered rfampicin levels hove
been descibed. The proteose inhibiton indinavie and the commenly ingested
Gipetine [a constifusnt of biack and long pepper wers found in small sfudies to
increase rfampicin concentralions. The AUC of a single 400 mg dose of nfampicin
waers increased by 73% in 11 HIV infected patients after they received oral doses ot 800
mea indinoir 3 times daily for 14 doys 7 The AUC of rfampicin was Righer in
tuoerculosis patients freated with pipenne (81 magl Uhr) compared (o patiersts wilhouot
concomitand piperine (47 mal b V5 The elevaled dfompicin concentradions may
have besn as a resuli of P-glycoprotein and, o, CYP3A4 inhioition!!?. Decreased
Bicavailability of dfampicin, obsernved when rfamplom was given concumerntly with
para-amincsalisyiic acid [PAS) has besn ascribed to adsarption of ffompicin by the
excipient bhentonife®. The concomitan! administration of keloconazole has been
repored 10 reduce 1he absorption of rnfampcing 128, however this finding should be

confirmed by further studies

In o study of the phamacokinetic interactians between flampicing sonidad ond
pyrcdncrmide in untrected potents wilh puimaonory tuberculosis'2!, the concomilard
admitdstrafion of pyraminamide and soniorid was ossocioted with an increased
clecrance  of rfompicin reflecied by lower AUC values, compared to the
concomitant  odministration of isoniozid  alone. As the Crmax values wers ndl
significantly different and the reduction in AUC was small, this interaction is unlikely to

be af clinical importance.



lsorugzicd

sonicrid is o fundomental component of any first-ineg antituberculesis regimen, It has
rore potent early bactericidal aclivity against Mycobactenum tuberculosis than any
ather known drug and B relatively well toleraled, Allhough it has excellant activity
agains| actively dividing crgonisms. soniczid s only bacterioslalic in he presence of
sermicdormant orgarisms: it is not a good sterlizing agent! 584 he diug is taken inte
the organism by diffusion ond oxygen dependent active tfranspori®. senicrid relies on
the mycobactenal enoyme cotaose-pencxidase for activation o a moety thot
protabely inhilits the final steps in mycolic ocid synthesis® 122 The MIC ogoinst M,
Tubrerculosis in broth cultures is 0025 - 005 mo/™ ond the plasmo concerntrations
achieved by administering the standard daily dose (300 mo daily, or approsimately 4

ma/kyg) are generdally reported 1o exceed the MIC by o wide margin.

Several mutations conferting resistomce hove been identitied. High levels of resistance
oecur if mutalions ol the Kat & gene respensible for catolose-peroxidase expression
ocaur. Mutotions in the inhA gene are fesponsible for ahout 25% of dreg resistant
imolates, InhA encodes the drug largel and muotations gie generclly ossociated with
icwer levels of resstance, Absaence of the ohpC gene, like the muiofion of kot
appeaeors 1o interfere with activalion of soniozid. The mechanisims of resistance ore

unexpiained for about 173 of isoniazid resistont strainsts. e

Absomption s reduced whean sonicFid is administered with 10007 Peak concentraficns
of approximately 3 7 mgh con be expected 1-2 hours affer ngestionsssaa 22 lsoniarid is
widely distributed to all fissues incluging the ceretrospinal fluid?4787_ Frotein Binding is
regligitie {0-10%]%. [he half-ife s aporoximately 10 + 000 bours and 300 + 1.1 hoers in
fast and slow acetylators, respachivelyd2. Himinotion s lorgely by renal excretion of

acetylisoniozid and sonicotinic acid.

ihe well described genelic polymarphism of the NAT-2 gene conferting hepotic N
acetyltranstercse activity 5 o major deferminant of  the  voriackility in the
pharmacokinefics displayed belween individuals, and gecgraphic varation in the
clistribulion ©f the ocelylotor type is considergblescds 5 Liow acetvlators have
decreasad expression of the hepalic enzyme responsibie for the conversion of
sonioFd info the octive metabolite N-acetylisoniozid, such that the meaon areg
under the curve from 2 (o 4 hours abler drug ingestion was 6 times higher than that o
fast acetvloors i a grovp ol 40 tuberculesis patients in the Western Cape'™, In lhe

same grodp of patients o fimodal  distribefion of soniodd eliminotion was



clomonstrated withh 35%, 45% and 20% slow, intermediale and fasl acelvlalors
respecively, The respoective ball-lives following o 5 modks dose in slow, intermediote

and fast eliminators were 3,15, 1.48 and 0.95 hours respectively.

Changes it the acetviator phonobype froon fos) to slow have baen associatec] with
disemse progression and washing i HY infection®, Clearance s also reduced in

necnates and N the eldsrhe) 2

Ax the plosma concentrations of soniazid achieved in patients exceed the MIC for M.
tuberciiosis by a wide marging, a widely held view s that the standardizod doses of
isoninzid are effective In the vast majority of patients wilhow! individoalisead dosing an
the basis of weigh! or acclylalor status. Howewer, some evidence points to o degree
of dose dependoency in soniazd's activity: clinical studies conducted by the British
Medcal Research Counal in Madras found a 400 mg daily dase dunng the second
yveor of freatment wos more effective than 300 mag dally in preventing 1the relapse of
discase ™ and lower sonafid concentrafions and rmpid ocetylator types are more
Heely to be ogsiocialed with inleror frealmen! outcomes compared too slow

acetylators when highly intermittent [once weekly regimens are Used !,

The duration of adequate Bomazid exposure may be more prediclive of freatment
response thon the peok level as it is thought thot bocledcidal agents acting on the
microbial cell wall exhibit saturable Kiling at concentrations grenter than the MMICTEE
Inddecd, the AUC scoems 1o b more important than Cmox in once weekly dosing
regimens:!, However, peck concenfrotions are probataly still imporiaont for optimaol
distribotion of the drog fo the site of action. Studics conductod by the Brifish Modical
Research Counci in Madras found that once daoily doses with 400 mg of soniczid
were maore effective thon 20 mg twice daily and 200 mg once daily!?; this finding
might suppori the notion that an adeguate peok concentfralion is important, and
logether with evidence for the cfticacy o intermittent dosing regimens [2 to 3 doses

edach week] sugoosts that the drug moy excrt a significant post-aontibiotic effootss.

lsoniazid s an inkibitor of  CYP 209, CYP2O19, CYP2DE and  CYPZE] VR
Conseguently, the lovals of drugs ke theaphylline, phenytoin, carbamazepine and
wartarin might increase when they are used concurenthy #2023 Induction of CYF2ET
oltar repeoted  doses 5 probably of e imporfonce for phamacokinatic
interactions'2 bot moy  potenfiote the hepatoxicily osooated  willhh CYPZE]

substrotes ke poracetamol, and isoniaficd tself



several drug-diug pharmacckinefic interactions affecting soniozid concentrations
have been studied: The absorpfion of soniagzid s diminished oy 20-30%  when
crarniniorn by droxide ool 5 given concomidantiy¥?: The concomitant admimslrafion of
ciprofloxacin may  delay the absorption of isoniczid* The anfirefrovirgl  drug
rolcitabine  increased soniozid clearance in 19 HV-infected patients. with a

conscauent reduchion in the AUCTH!

Pyrasinarmide:

Pyrazinarmics s a nicotinic acid dedvafive with uschul stenlizing activify against s
fubrercwlosis. s parficular akility to kil crganisms in the acid milsu of 1he macrephags
phagosomes  confers  relopse-preventing properfies allowing the  doration of
tieaimen! to be reduced. Moximal benefit s achieved affer 2 meoniths of
therapy* #0052 | is used during the intensive phase of freatment, and at lowoer doses

than those used when the drog was first inrroduced, 0 order 3o limit toxicity.

PyTazinamides s a pro-drog reguinng conversion to pyrazinoic acid {POA) Dy bacillary
pyrozinamidase (hicotinamidase]. POA s excreled trom 1he microbs by a weak efllux
UM, and, under acid conditions. protonated POA 5 reabsorbed and accumulates
in the arganism. As the cfflix pump s incfficient the meatabolite occumulafes cauwsing
cellulor damage. Pyrazinamide s most aclive against bocilll that are  less
metabaolicaly actve, possibly becouse the energy dependent efflux pump s less
efficicnt undor more stingent growth conditions thereby allowing the metabaolite to
accumulale maore readiy'. Drug resistance s confeired by mufations in the

pyrazinamidase genc, of which several have been described 1

Pyrozinamide hos kess varable absorption in patients than dfampicin or soniozic |2 04
FPeak levels of 30-30 ma/l are atfained alter a 20-25 mo/fkg dose™ . The drog is displays
rapid and almost complate absopdion with peak concentrations reqched in 1-2
Fours. IE 15 widcly dishiboted, has excelent penstration it ©SF and  high
concentrations have been detected in puimonany epithelial ning fluid =, Protein
pirdirg 18 lowe [10-20%7); the eliminafion hall e = approdmately .5 haoors. Ther drog is
exiensvcly metabolised n the lver, and metabaolites are eliminated lamely in he
arirner [about 3% 5 excreted unchanged)s, The pharmmacokinetic paramoters in adults
are reported to e indepoendent of age, sex, hoeight and serum creatinine level, but

children appear to have slower absorption and more rapid cimination han adulfsts,



Ethombutol

Fthomoutol s boctenastabic at the courently recommended doses, It s odded 1o
rexegrnems fo reducs he emergonoee of dog resistance, Optic neuritis i o serdous buot

infrequent side: elfoc) of the diog, which s olherwise well toloroted.

There are few published reports of ethambutol concenirations in patients. However, o
Z-hour farget range of 2-6 ma/l has beon pronosed . About Z5-80% of an ngested
s s absarbed with neak concentrations in the aorder of 2-4 mig/l within %-4 hours
following o 25 migfkg dose™ = Ansorption s delayved, and peak concentrafions and
AUC are reduced when sthampufol 5 taken with food!'> sinimal (<5%) protein
ninding occurs The halt-lile 5 approxienalely 200 [+004] hourss. The drug s eliminated
Dy the kidneys, 73 80% unchoanged: s, Clearomoe of the drug is Thorefore redoced in

renal imooirment,

Streptomycin

Steptomycin may aodd to the bacfericidal activity of regimens during the intensive
phose and orovide qoditional benefit in the prevention of the emargence of drog
registance. It s widely used during the intensive phase of freatmend for palients wha
horee: previoush received antituborculoss therdpy . Voslibulo-cochloar loxiciby ond the
requirement for parenteral administration limit orolonged use. T s not known fo
interfers with the phoarmaocokinetios of the other antfituoerculoss drogs. Strentommyein

concertations wero nob measored s poarl of this project.
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imfoctod with crganisms knows o be resislant te soniozid of dfamoicin, were

excicted,

samele size

The targst sample ste was estimated from previows phormacckinstic stodiss in
eafients al DF targis TE Hospital in Westlake, Cape Town [agpendix 23 Te dotect a
mean peck concenfration of the ritargeicin {the diug with the most variakls poak

concentrotions] in patients responding pocrly to freatrent that waas 28% loewer thon

thoi of the populaton meon, 18 poor respandgars wouid be required it they oormgrises
10% of the study population (power 08 at the 005 fevel of sigeificaonze). For the
pursosss of his colouloticr o positive tputem culturs Gt 2 montins was reddrdsa as a
marker of o poor resporae, and il was edfimoted by the hospital clinicians and frlem
the Foroture that appeodmately 10% of polisnb would have g sputum outhee
positree for Mycoboctedom frbercwlosis al 2 menths? |1 was oimed, therefore, o

recryit approxinna tely 200 potients.

lmieal study procedure and data eollechion

Eligile maatierds whie herd reseled = the hospital 100 the requisie fme weere
dapproached to paricipate in dhe study, Weiten imtormed consent was obtained in
the patiert's languoge [Afrkoans or hoso) by the attending doctor. with the nesp of

o translator whak necassary.

Dato pettairing to the patients hittory and medical 1gcords priee to admission, data
tromt tihve fime of Gamission, daota ot 8 weeks after adrission, ang dolo up untl 2 yeoars
after admission waei e colleated, Dota was collated o indvadual patent foiders, wihicn
wigre storad i ths Dhision of Pharracoksgy, Universily of Cape Town. The data was

transferred o alecionic flz: [Microooft Excad 20024 batore anglyss,

Cata colechon forms (foppendis 13] were bsed to compile dola from sach palient
by interview and examinafion, Demaographic detals recorded maluded sex and oge.
Pricr hifstodes of fuberculosis and fuberculosis freatrreet were docurmented. Posf
medical history as owell o5 any allergies. chronic o infercurent dliness, and
concomfent medication were noted, Regular aleoiho vie jas reporied by the
pafient and interpreted by the atiending cliniciang, was noled for the yeor pricr to
adnession o the hospita, and durirg the fwo months follovwing admission, Sielarty,

sminking habits and the use of cannabis or other recreational drugs wos recorded.



Ciclapis of e cprenl cpsods of lubsiculosy ware recanded, Insss ncluded the date

ol cneed of sprmptomes, the dale of dogrods and the date of bospilal andmission, the
date and resulis of sputum invedigobions al dinonoss. and detaits aof any frectment
taken before admiston to the hospital, Symiptorns at the fime of admission were
sounht, and perfinent exormination fndings on cdmistion {Including the weight in
kilograms; were documented, A chest x-ray was routinely performed on all patients
ary dadrdsios fo the hosgital oo o sngle saly rmcming sputurm ampls was colected
for examination (micrascopy for AFR and culture of tuberculosis bacll] except when
recen! resuls of sputum invesligonions sent from the refenal center were avdailakble.
Podtive culfures were refained and lhase of study nalentz were vsed fo determine
the min-RAICs  for rfarmpicin and  somazcd, Lmited stedy rescurces  prohilited
vilidoted arading of chest x-ray chanoes for extent of conscidaticn and cavitation,
Likeswiise aenetic fnasrcintinn of tuberculosie strains in the sputorm to differen fode

disease relanse from reinfection was beyvond the scope of the study,

At cpprovimately it wesbe folleesding odmisdon senal Blood semeples weers
collected to determine the pharracokinetic profiles of rfamgicing somiazid,
ppruzivadcide and  stharmcutal in plosma: blood samples were coiecled for

hasretolodgy, shemical patholegy, HY-seclogy and  immonclogy avaluction:

for microscopy and cuiture to detect M, luborculosis,

Al oz loagth of Yoz tha potionts were discharged from Brewslikloo!
Hospital and referred to clinics near their homes for ambulatory care unti! freatment
completion. kost patients attzndsd the dimics weekly to monfhly Bor colection of
their asfituberculogs drogs, which were taken with or without the supervision of o
designated observer, In accarrernce with national guidclines, direct microscopy wers
rautingly performed after 5 months of treatment: those patients with two consecutive
podfive spolum smecs were regorded @ treatment foflures ond restased on

intensive phase freatrment dccording to the retreatment regimen.

At the outser of this study # owas hopse ihat the ealy rasponse fo treainsnt
resasuled by sputum culbures ot twao montihs affer adraission to the hospital would
provide o adogquats marker for deteclion of o pharracodvnamic imoact of the
vanability in antituberculos: drug concentraticns. Chce it became clear that the
concentrations of @ dngle drog, dlargicing wesre of concern, i was reaiized that it

might be ‘moortant e maawre dedlizing activity mors directy. The protace] weas



thasteluie winendes 7o detect reatrmznl faidies ond (siupses in patients admitted to
the sudy giter Moy 2000, Pafents wsre neaksd 1o rsum ts the dlinic whers fhey
recewad freir armbultitory freatment, @t 6 9 b2, 1o and Zs montes after their
adrrission o Groweiskioot Hespiial, At these vidts o sputum specimen was colecied
ond dispatched te ths SAINR laboratory ol Green Point for dirsst s milcroscopy
to detect AFR and nyoohnotenicd cultere., In addifien, the ofinics were visited by fhe
invasligalor of designated assistant fwasn lsasibls), of coniucl=d teizphonically fo
ancetldin e fois of study pafients and the sesults of spltun ssaminations perforrmed
n the routing core of the notient loa. Ten direct spctum smears were roufineky
potformed at & months after fregirment mitistion and i the clinic steff suspected a
wWorsening of relapse of obedse;. On sludy conpletion, ihe featmsnt culcome of
cach paleal, as recorded in the tuberculos: {To) regisiens, was documented: and the
reqisters At chnics to which study patients weare refered wers imipectsd in order fo
dotoct disease relapses [during the period up until 24 manths after the last potient
wigs admitted 1o the hospdtal] . The relevant siios committeas and heallh aulhonlics

approvead the amendments.

The mrotooal, subjsct consant form case record form and relsvant s tlen of Soprosval

are appaended (gppendis 1),

Phgrmacokingtic gasessment

Piarmiccokinstic asmesmest wos onrmied oot on each pofient aftor approsimatsly 8
weeks of doly administation of anlituberoulzss thereoy under olsereation in the
Fospita. Tre drug doses wore prescibed by he ubending phiysican who used the
dasing gudaines in taeble 1. Thase guidstnegs diller slahtly from [kose of the Mational
Tuboroules: Contral Prograrmree: they odvornate he vee of lower rfiarocicin and
imoniarid dosss in prtients welghing loss Than 33 kg, and highsr doesss of pyrazinamide
and stearmbotsl in patizns = 33 kg The drog dosss were nol| allersd on ths doy of

phormaonorinetic assossment,

Tobra ~: gty aorus ol dlancpicing sosoed, ceamaTide wod ethomibatol Liecd osonoguicsline by he

LA ST e Sesial™a 00 S seeah kot HasniTon

Erug Weight > 50 kg
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Tha g forulotiors vsed on the dov of phormocokicretic assessment ware thosa
routnely gvailakle or the word medicing trolleys, The product roms:. batek nombers
mng expiy drl=s of snch af The forrmadatinn: vssd an the day »f assssment weara

recorded,

The morcerialions of riformecin, soninzid, pyroarinamide aned sthambotol wesre
sneasurad noplastne sample:s from each patiert sver eight bours folowing drug

administrotior.

Fasienss foitsd ovsmight peor to ghormocokiretic sompling. the dwags were
adninistered with approximately 200 ml of water and patie-ts were asked el e eat
ar cink unlil i fudtar 2 hoos after hod slooged. The drogs wers saber under shics

abizervrlinn. The swag| fimes of drog admicistratine wers recordad,

Seridl veraods bood samgles waere argwn from e arm veir through ar indweelling

carnJla within 1 hour before drug administration and ot 0.5, 7, 1.5, 2 25 3, 4, 4 ard 2

hours after drag adreinistration. The exact firmes of blood sampling wers recordsd,

Lishiurn-heparin tubres with a gel separatar were ussd for blesd coilection. Alfsr
cuhschon, fie adrmpdss waie nnediciely Shaced onice betore cenkifogation (3500
e fan 10 minulss) at mom ternperoioes wilhin 20 misalss of sollection, Free 2ach
Llosed coleosicon b= 3 pkisrna sonplss of ot =gt 1.2 ml owere storsa in
polypropyvlens tubes an dey lce until frarsfe: to the -B0C freerer in the Divisian of

Frrrmrcoogy, JCT, during the evaning foilewirg sampling. The samples were stored

al -B0-C untl anealysis,

Valdated HFLZ [high pedormance ligaid clesmsatography) mslhods deveioped
withic the Fhormocology Division were uied o detesning dlarmpicin, wooingd and
pyfazinamics concentations!® (acpendic 3]0 A walidolsd melhod wsicg ninss
spectoscopy [LC-ME] was used to determirs sthombotal cancentrations (oppendix
221 The fully walidated rangeas for determinatior of rifernpicic woniorsid. pyrasinamide
and ethambutal corcentratiors were, 0.3 30 25 mgdl, 0.2 te 78 mg/l, 0.2 1o 70 may

aAnd 0.7 = 10 el respecivaly,

Aico an the day of phormacskinstic asesment conplete wing collootions were
made from 2 to 4, 4 fo 4, and & fo 8 houwrs follewira drua ndmicistieation. The veigme of
cach wrins colectior was vecarded and fwe 1 ml dliouots wore stored in

poivpropyvlere ukes an dry ice undil transfer to the B0 freerer that evening.



The winary concaeniraiions of the rfampicn were determined by o validaicd moinsd,

wepniozh wetan d moddification of fhe plasma artay methad.,

Moncarmoarmental analysis

The row data cornorising plasrma concentrgtions and the corecponding fimes were
sfored in Microsoft Excel 2002 betore noncormparbeental anaiysis using WinkMonln

fearsion 3.3} to compute the pharmaooking iz parametars and measures.

For the purposss of fhe determingrnion of the pharmacokingtic measures anag
pararreterns, lank values were entersed for plosma drug coencsetalions betwese ©
and the lower limit of the validaled range of deterrvination. Where ne dewviation from
baseline was observed an the HPLC tracirg o wglue of 0 mafi waos assumesd, The
eracl  hmes of bicod samplng were wsod  for the deotorminofon of  The

pharmacoklnetic measures.

The 5 e 950 menfle cnge of 2oct shoarmocoki-etic mecsure was reported o oraer

to reflect *the normal rarge e thal rarge in which the walues for 0% of patients lie.
The computational metheds used ars desonbed balow:
Eimination rate constord (K or b units; ez Bt ooder constant ossociated
with the termingl jlog Frearl poerfion of the curve, 1P i astineatsd by linear
regression of fmz vs, log concentafion,

Half-life {t. units: brl: Termingl half-ifs = 00?5 A

Lag-fime (Tlag; units: he): the ime elapsad frone the fime of drug administraion

unlil the first maasvrabis concentration.

Time of maximum observed concertration [Treax units; brl: tirmes shapsad from

the time of drug aaminstaticn until Crros.

Feak plazma concenfration [(Trmas unris ngll): e drog concentration
coresponding to Trndx is the mosmun medasurss diug concentration during

a dosing intereal.



Area under the cuive to the last measwigble concentiation [AJCT Undts gl
Tkttt e grea unda the concarchation-time curve from the firme of dieg

adrinistration il the lest measurable drog conoentration.

Area under the curve to infinify [(AUCH units gl Lhep the arca under tas
corconfation-time cures frond the ime of drug administration, exrapolated
to Infinity.

AJTI= AU Clast [ A (ot = Jask msasurablc concortrotion)

Vaolume of distibution [.riszd onalhe fermindl phase (Vz Fobs usits 1)

W oy = dose S R x ALC

Total body clearance (7 © oba: onits: | hr e

O F olos = dose f AdT

Covarare foctors

Paficnt factor molected by the attending phydcian and documentasd in the patiect
daota collcction forms after 8 weew of freatrmernt in the hoasgital included age, sex, the
mistory of smeking ard aicohal consumonan 0 the year peiore admission wheiher, or
rof, the suhjes had reguarly consemed algshai - by judgment of the atierding
prsician; and wheths, o not lhe soljecl had smokesd  dgarsttes), prevous
tubserculosls treatment, concormitant ilinsss, concomitant medication, height and

weight

Also at qooroximaltely & wooxs aitor admissiorn, b ood sampics were drawr: tiom cach
patient for chemical pathology (v & 7 mi ciofied fube], wsclogy (1 2 7 ml clotted
tuize) and hacnatelegy [1 5 4 ml EDTA tube and 1 % cifrate containing ESR fuze]
svaluation. The samples wore refinorotod of 420 before transfer withie £ hours to the
chermical pathology and hasmatclogy laboraforss of Groote Schuur Bospital (GEH)]
ezt the University of Cape Town ((JOT) for analysic, Shemistry included quant®ication
aof scrum urca, creqticine, total protein, alburen, seum alonine frarsaninase (ALT),
serurm dspartate francartingsc (ASTY alkaline phosphotozs (A9 gama-glutanm
transferase (+GT] and fotai bilirebin, Hoomatslogy cvaluation inciuded a full blood
court (ingludng hocomaglesing mean ool valume (MY, white ezl cownt (WCT
and platclet:], o differsntal and th= ervthroods sedimsetotion ate (ESE. The
Chmcal Viralogy Labaratary of UCTAGEFSARE {South Affican nslifute o ddedical

Reszarch| wssd ELSA fo detest HY § ang 2 artibodles,












































































































































































































































































































































































































































































































































































































































































































































































































































































































