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- OSEET AL
A Stability of oseltamivir B Ro 64- 0802 formation _ N
L= 20 ' = 154  E™M® Fie. 7. The stability of oselturaivir (A} and -
= = = = the formation of Ro 64-0802 (B) in plasma
2 2. £ oa aid: liver $9 from newbom and sduit sats.
-3 -3 g Oseltumivic (1.5 M) was ifcubated with
g g 4.0+ - t p‘lasm (circles) and liver 89 (squares) -
=) o 3 0.0 spcctmcus {5 mg of protein/ml} for various
£ o - time pcnods The data for adult (P42) rats
& 2 2 000 . — —— ure shown by opes symbols and for new-.
E = 0.51 o. 20 - 40, 60 . pom (PLi) rats by closed symbels. Data .
= 3 . © clncubaliontime (minl © represent mean + S.E, of three determina-
2. o . tions using thice plosma and Jiver'§9spée- ~ -
o & o 0 imens prepared mdcpmdcnﬂy from three -

TS0 100 150 200
* Incubation time (niin}
TABLE'1

Ro 64—0302 Jormation rate from oseltamivir in plasina, and lwer 55 from ’
. uneswborn and adult rats

. Oseltumivir (L5 M) was incubated with. it plasma fx S min and rt lwer 59 rmr.:non ‘
fur 60 min 1t 37°C.

Sourcé Ro §4-osm Formition Ruie®" - )
] pmvlfminkag protein ' proviniiint o g liver*  rimolimin/kg bavt™
Plasa  PLI' 175 032 877 % 159 3.38 % 061
P42 106 22,6 "529.% 120 204 % 5.0%
Liver 9 P11 0.11 £ 0.00 106 £ 03 0.42 % 007
<7, P42 0312005 B £45 1.19 % 018"
P < 005 statistical differences in Ro’64-0802 formation mte (smoVminiked in plosma:

bclwl:cn nowbum and adult rats. -
* p < 0,05 statistical. differences in Ro 64-0302 formation mtc (amulmin/kg) in tiver S¢
beiween newborn and tdult nits.
+“ Datu yeprezent mesns =86, of three determinations using lhrer. plasma and Liver 89

g‘.lted independently frum three mits.
Obtuined by multiplying the value [pmollm:m’mj, pmtcun) by 50.0 md 96.F for plasma and

ilw:r 59, m&'poclwnly
< QObwined by. multiplying thc vaiue (pmulfmmbnl plasos of g liver) by 38.5 und 40.0 fur

plasmﬂ and liver 39, respectively.

dism'buncn volume of oselﬁami"ﬁr in the brain. was greater than the
capillary volume (Takasato et al.; 1984; Rousselle et al., 1998), indicating’
that oseltamivir crosses the BBB Prer.reaunent with GF120918, a dual
inkibitor for P-gp and Beip (Allen et al, 1999), caused a significant
ingrease in e brain concentration of oscltamivir, This.is partly a-result
- of greater plasma coricentrations of oseltainivir in- GF120918-chated
grop, presumably because of. an inhibition. of esterase’ activity by
. GF120918 as oseltamivir is predomimantly converted to Ro 64-0802 in
.mice, and the biliary and urinary, excretion account for a limifed- part of
" the systemic elimination, &t most 0.3 and 19%, fespectively (data not
“shown). However, a significant intcreasein the X, -of oséltamivir by .
GF120918 indicates’ thit mhxbmon of active efflux mediated: by P-gp.
- amdfor Borp is another underkying metharism (Fig: 2B). Unlike oseita-
* mivir, the distiibution volume of Ro 640802 was close to the capillacy
" volume, and K, ., of Ro 64-0802 Tollowing Qseltammr or Ro-64-0802
 admirdstration was slightly increased by the admjrustrauon of GF120918,
byt the difference was not staustmally sxgmﬁcant. This would be reason-
able considering-the fow hpoPhillcny of Ro 64-0802 that will exhlblt low
. BBB pemmeability without the &id of upt-lkc tmnsponcrs
To support the.effect of GF120918 in vivo studies using Mdrlal b
and Besp knockout mice were performed. The X, obvaln OF-Oselamivic
wag significantly incredsed in Mdrla/ le—gp knockout mice but not .
in Berp knackout mice (Fig. 3B). The increase io the X pobrata OF
Mdrla/1b P-gp.knockout mice was comparable with that obtamed by -
. GIF120918 {Figs. 28 and 3B). Therefore, P-gp; Butnot Berp, limits the
brain penetration of oseltamivir across the BBB. In accordance with
the in-vivo results, cellular accumulation study c]uclddlcd thai bolh
mouse Mdrla P-gp and human P-gp accept oseltamivir as substrate

40

50 -
Incubation time (miin)

.(Goralski et al., 2006). NDA documents reported that the

100 . 150 200 ™

becatise the cellular accumulation of Gseltamivir was lower in a cell
line-expressing mouse P-gp and human P-gp, WhICh was increased by :
PSC833 treatment (Fig, 8). )

“The present study elucidated that the acnvzty of P-gp is an impor+ S

tant factor for the brain concentration of oseltamivirin mice. Because -

. abnormal behavior followmg oseltamivir medication is more fre-

quently observed Iit younget generations than in adels, -posiatal.
ontogcny of P-gp is. an important issue. Mdrla-mRNA and Pipp- )
protein levels 'were. sngmﬁcantly lower in ncwbom rats thanr adult rats -,
(Figs. 5 and 6). This result is-in good agreément with Frevious, reports,
n which 3 3t has been shown that adulis had higher brain. exprcss:on of
Mdrla mRNA (3-fold) and a corresponding 5-fold increase-in immu-
nodefectable P-gp (Matsuoka et al., 1999; Goralski et al., 2006): R

: Conststcnt with this ontogenic profile, the brain accumu!auon of

cyc‘losponn A was 80% lower in adult mice than in 1:day-old mice
¥ Kp beain O of A
oseltamivir, obtaihed by comparison of the area 'under the-curve of the -
plasma and brain concentration time profiles, was ‘dramatically greater -
in newborn rats than that § in adult rats at very high doses of oseltamivir |
(1000 mg/kg, p.o.). The brain concentrations of oseltamivir in new- -
born rats were signifi can(ly higher than those in adult rats (Fig. 4B)."
Thiss partly because of greater plagma coticentrations of oseltamivir
in-newborn rats Lhan in-adult rats (Fig. 4A); howcvcr. a significant -
increase in the K., of oselfamivir in newborn rats suggests that the
Siallei efflux clearance dtross_the BBB is part of the undcrlymg :
.mechanism. This is in’ good agreement wiih the postnatal ontogemc.
"profi tle of P-gp (Matsuoka et’al, 1999; Gomlski et al., ‘2006)
Newbom rats exhibited- greater. plasma conceittrations of oseltami-

vir, suggesting a smaller Systennc elimipation rate in .newbom ats, ’

This was confirméd by comparing the conversion activities [carboxy—f
lesterase (CES) activity] in the plasma and liver $9 specimens be-..

“tween uewbom (P11) and adult (P42) rats. Compared with adult rats;

the conversion aclivities (CES activity) were lower in both the plastha’.

.and the liver 89 specamens from néwborn rats (B g 7: Table 1). L.ower

conversion activity of gseltamivir to Ro 64-0802, particutarly ia the

plasma, will acceunt for the delay in the” systermc elmnnauon of o
- osehamivir m ncwborn rats.

Recent clinical studies support that P-gp.acts as a gatekecpcr ’

‘protcm in haman BBB {Sadeque et al., 2000; Sasongko et al. ‘2005) "

P-gp will also be one of thé determinant factors for the brajn ¢oncen-
trations of gseltamivir. Smnrle nucleotide polymorphisms (SNPsj)-are
the genetic factor for interindjvidual differences in drug response. A
number .of SNPs have been desciibed. in the human MDRY gene
(Fromm, 2002; Kim, 2002). ‘Of these, linkage disequilibrium hay beéd
shown between SNPs in exons 26 (C3435T), 21 (G2677T), and 12
(C1236T), and the TTT haplotype correlutes with low P-gp ¢ activity in
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- the small intestine-(Chowbay et al., 2003). As far as the BBB is
concerned, there was no significant relationship between the haplo-
type and brain cohcentrations of [''Clverapamil (Bruaner et al., 2005;

Takano &t al., 2006). However, Kimchi-Sarfaty et al. (2007) recen ity

“reported that ‘the cffect of double or triple haplotypes contammg
C3435T on P-gp acuwty is “substrate dependent.” The poss.lb:hty that
SNPs of P-gp are associated with an idtefindividual difference in the

BBB permeability of bseltamivir cannot be excluded. In addition to -

'_ P-gp, as observed in newbom rals, the activity ‘of hCES1 is the’
- determinant factor for the. systemic elimination. C70F and R128H of
hCESI were reportccl to"be associated with reduced hydrolysis of

. oseltamivir (Shi-et al. 2006) Subjects with these SNPs of hRCES | will
" result in @ greater exposure of oseltamivir to the brain,

Ro 64-0802 is a potent and selective inhibitor of influenza virus:-

-neuraminidase (sialidase). Several sialidases are expxessed in the
: human brain and are suggested to be involved in the mitochondrial
apoptotic pathway in neuronal cell death: (Yamaguchi et al., 2005,
Hasegawa et al., 2007). Inhibition of sialidases in the brain may be
associated with the abnormal behavior following oseltamivir medica-

-tion. Based on this speculation, production of Ro 64-0802 in the

- “human brain will be the key event that triggers the central nervous

‘system side effects. Unlike the ester-type prodrug, Ro 64.0802 barely
penetrates iito the brain from the circulating blood because of jts
hydrophilic property. As hCES1 is also expressed in the brain (Satoh
.et al., 2002),it is possible that Ro 64-0802 is formed in the brain from
the oseltamivir, Because of low membrane permeability, Ro 64-0802,
once produced in the brain from oseleamivir, may accuraulate in the
brain. It is also possible that Ro 64-0802 undergoes active efflux from

the brain at the BBB because Ro 64-0802 is a substrate of renal OATI

(SLC22A6} (Hili et al., 2002), and OAT3, the homolog of OAT], is
expressed at the BBB and actively eliminates organic anions from the
brain {Kikuchi et al,, 2003, 2004) ‘This should be examined in the
future. :
. . Invonclusion, the present aludy showed that oseltamivir crosses the
BBB, bul the active form Ro 64-0802 burely crosses the BBB. P-gp
fimits the brain penetration of oseltamivir ut the' BBB of adult mice.
Ontogenetic, profile of P-gp and CES uctivities accowits for the
greater accumulation of oseltamivir in the brain ofnconales at least in

rals,

¥ % % pefy GO, ,

1 H

Fis. 8. Cellular accumulation of -oseltamivi
in; mMdrla-LLC-PKE cells (A} and HBMDRI-.
MDCKU cells (B). The uptake of oselamivir
(25 pM) by mMdrla-LLC-PKI (A) and
hMDR1-MDCKIL (B) cells was ekamined in the
presence or absence of PSC833 (5 uM) st 37°C.
Each poiat repecsents the mean £ S.B, (n = 4).
Statisticat significance was calculated by one-
way analysis of variince followed by Tukey's
multiple comparison test.
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--Low Penetration of Oseltamivir and Its Carboxylate into Cerebrospmal
Fluid in Healthy Japanese and Caucasian Volunteers"t
S. S. Thee,! M. Yen," L. Ereshefky,’ M Leibowitz,! M. Schulie,? B. Kaeser,? L. Boak,? A. P::vtel2 '

G. Hoffmann,? E. P. Prinssen, and C. R. Rayner®*
California Clinical Trials, Glendale, Calgfonua, and F. Hoﬁnann—La.Rodze Lid, Basel, Switzerland®
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Oseltamivir is a potent, well—tolerated antiviral for the treatment and prophylaxis of influena, Although ne
relauonshlp with treatment could be demonstrated, recent reports of abnoxmal behavior in ymmg individuals
with influenza who were recewmg oseltamivir have generated renewed interest in the ceniral mervous sySkem
(CNS) tolerability of oseltamivir. This smgle center, open-label study explored the pharmacokinetics of
oseltamivir and eseltamivir carboxylate {OC) in the plasma and cerebrospinal fluid (CSF) of healthy adult-
volunteers over a 24-hour interval to determine the CNS penciration of both these compuunds. Four J'apanese
and four Cavecasian males were exirolled in the sfudy. Oseltamivir and OC concéntrations in CSF were low
(mean of observed maximum cencentrations {C,,,.], 2.4 ng/nl foseltamivir] and 19.0 ngfml [OC]} versus those
in plasma (mean C,,,;, 115 ng/ml. [oseltamivir] and 544 ng/ml [OC)), with correspending C,, . CSE/plasma
ratios of 2.1% (oseltamivir) and 3.5% (0C). Overall exposure to oseltamivir and OC in CSF was also
comparatively low versus that in plasma (mean area under the concentration-time curve CSFIplasma ratio,

. 2.4%. [oseltamivir] and 2:9% [OC]). No gross differences in thie pharmacckinetics of oseltamivir ox OC were -~ -
" . observed between the Japanese and Caucasian subjects. Oseltamivir was well tolerated. This demonstrates that =

, the CNS penetration of gseltamivir and OC is low in Japanese and Caucasian adults. Emerging data support
‘the idea that oseltamivir and OC have Hmited potenha] to induce or exacerbate CNS adverse events in

'mdw:duals with influenza. A dlsease- rather than drug-related effect appears likely,

Ose[tamm.r is an oraﬂy administered anti-influenza agent of

the newraminidase inhibitor class. The ethyl-ester prodrog -

oseltamivir is delivered orally as a phosphate salt and con-
verled by hepatic-esterases to the active metabolite oseltamivir
carboxylate (OC) (10). OC specifically binds and inbibits the
influenza virus neuraminidase enzyme that is essential for viral
replicatien (21) In this way, oseltamivir limits the spread of
" influenza virus subtypcs A and B within. the infected host..
" When used as treatment, oseltamivir reduces the severity and
-~ duration of symptoms (22, 33), while prophylactic administra-
tion prevents their onset (9, 26).

In recent years, abnormal or delirious behav:ors have been

reported with a low incidence in young individuals with influ-

"enza who were also receiving oseltamivir (32). Cases arose

" most commonly in Japan bul were also: observed in Taiwan,

Hong Kong, North America, Europe, and Australia. No caus- '

ative association could be ‘demonstrated, and similar évents
. - were also reported in the absence of oseltamivir (6, 12, 17, 24).
‘Nevertheless, health and regulatory authonities in Japan and
elsewhere liave amended the product fabel 1o include precau-

"--tions on the use of Oseltamivir in young persons. These actions, .

and the associated media coverage, have fostered renewed
iinterest in the central nervous systern (CNS) tolerability of
oseltamivir-

Thc currently available prcchmcal and clinical evidence sug-

* Corresponding author. Mailing address: F. Hoffmann-La Roche
Ltd., Pharmaceuticals Division, Bidg. 015/1.006, CH-4070 Basel, Swit-
'zcﬂand. Phone: 41(0) 61 638 3133 Fax: 41(0) 61 638 6007, E-mail:
craig.rayner@roche.com.
1 Roche clinical trial number BP21288. -
¥ Published ahead of print on 1 August 2008.
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" Caucasian and Japanese subjects in our study.

gests a low potential for oseltamivir to adversely affect CNS
funetion, and no plausible mechanism for oscltammr to cause
CINS toxicity, has been identified.(32). However, only very lim-~
ited data exist Lo describg the CNS penetration of oseltamivir
and OC in humans. Equally little is known about the Irapact of -

, “ethnicity on the CNS profile of these entities. In this study, we

investigated the pharmacokinetics of oseltamiviv and OC in
plasina and cerebrospinal fluid (CSF)—the latter being a rec-
ognized surrogate for CNS.penetration (29)—in healthy adult °

"volunteers after a-single-oral -administration of oseliarivir
. phosphate. A]thuugh not powered. to formally examine the
.impact of ethnicity on CNS penetration, we- also consuiered

whether any gross différences might exist by including bolh

.
.MATERIALS AND METHODS

Study design and subjects. This exploratory trial was & single-center, gpen-
label, single-dose, pharmacokinetic study that was conducted in the United °
States betyeen 16 July 2007 and 17 Augost 2007. The trial complied with the

. -principles of the Declaration of Helsinki (as amended m Tokyo, Venice, Hong

Kong, and South Africa). The study protoco] and magtecials wete approved by zn
independent £thics committes, and written inforined cofsent was pravided byall .
participants. The study fully adheied to good clinical practice guidelines (ICH .
Tripartite Guideling, January 1997). . '
The study aimed to receuit gight Dealthy adult maIc and female volunteers
four of Japanese origin (bom in Japaaof Japanese parents and grandparcnts and
living for <3 years outside Japan) and four of Caucasian origia (white Rispanic
or non-Hispanic). The aumbers of males and females were intended to be the
same in both ctlnic groups. Indusion criteria were age of 20 to 45 years, body
mass index of 18 to 30 kg/m?, and ability to give written infomed consent and
comply with the stady restrictions. Female subjects were required to be surgically
sterile or postmenopausal for 21 year or 1o use tve methods of coniraception
(including one bardier methad) from study commencement untl 7 days post&oc,-
ing. Exclesion criteria included clinically significant disease; allergy or immumno-

687



