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deficiency; history of raised intracerchbral pressure or diically siphificant verte<
bral joint pathology; l'IJajO.I' illness in the 30 days before screening or febrile
fllness ju the 14 days prior 1o CSF sampling; pregnancy ot lactation; relevast

* history of, or positive test for; drugs of 2buse or alcohol; infectipn with hepatitis
B or Cirus or hugan immusodeficiency viras or any other condition er diseaso
rendering the subject-unsuitable for the study. Prescription medication was not’
permitted to be taken within 7 days or six times its elimination half-dife (ty).
(whichever was longer) before study dmg ‘administration (exeluding hormone
replacement therapy and oral contraception). Occasional usé of acetaminophen/
paracetamal {up to 3 g/day) was allowed up (o 24 b before osing and 25 aseded -
for treatment of side effects related to the CSF sampliag procedhire. Intrévenous
caffeine was also permitted for headache prophy!axxs of treatmenl of side eﬁects
caused by the CSF sampling procedure. -

All subjects underwent a streening period from day —28 to day —2, during -
which dligibility was nssessed and written informed consent was provided.
Screening invalved a full medical history, a physical examination, an e!cctrocar-
diogram (ECG), and 2 lurbar spine Xeray (unless the mhiect had such an X-my
taken within 1 ycar of screening). Samples for, laboratory safety assessments

('ncludmg serom bnochcmlstry hematology, urinalysis, and serology) and drug

and aleohol abuse tests were taken after a4 fasting pcnod chalc subjects
were to undcrr.ak: pregnancy tests.

Following saccesstul SCTEEning, vo‘.luntocrs were admlttcd to the study vnit oo -

day —1 for a bascling safety assesscent {tecording of vital signs, ECG and’,
laboratory.safety assessments, and drug/atcdhol abuse and proguancy tests). On
day 1, following an overnight fast, alf subjects were cathclcnzed in‘the Jumbar .
repion (for example, L3 to 14) for CSF sampling. This was performed using the -
dynabridging technique (California Clinfeal Trials Inc,, California), in which the '
catheter §s connected to-a peristaltic pump for automatic timed withdrawal of
.CSF samples (approximately 6 mi per withdrawal). Subjects then receivad a
single onal dose of 150 mg oseltamivir phosphate (F. Hoffmann-La Rochs‘L!d.),
" which corresponds to the recommended daily adult treatment dose of 75 mg
wwice daily. Venous blood samples (2 mi per withdrawal) were taken at the samé
_ me as CSF sampling was performed. Blood and CSF samples were talien
immediately before dosing and a1 0.5, 1,2, 3, 4,5, 6, 7, 8, 9; 12, 20, and 24 h after
dosing in the mannec described above {14 sampling -points in total). Subjects
were discharged from the unit on day 4 and teturned for a follow-up examination -
on days 10 to 12, Adverse events were secorded from scrccmng until the end of
follow-up.
Oseltamnivir and OC assay. Blood samples were drawn into EDTA blood

. ,cgllecnon tubes, and plasma was separated by centrifugation for 10 min-at 1,500 3
.. gond 4°C. CSF ond plesina samples were stored at ~70°C until analysis. Con-’

centrations of ostitamivir and OC in plasma and CSF were sacasured usinig a
. * specific and validated bigh-performagee liqpid chmmalography method coupled:
with tandem mass speclrometry (Broanalyncals_ystcms Inc, Kenilworth, United,

' - Kingdom; SAP.055) based on a previously published method-(35). The CSF ™

. samples were analyzed along:with human EDTA plasma and hyman CSF control’
" samples against calibration standards prepared in human EDTA plasma. .
Pharmacokinetic nnaly is. Concentration-versus-tine profiles were generated,
and the observed ‘maximum concentration (Cp,,.} and time to observed maxi-
* mum concentration (7.} were then determined-for eseltamivir-and OCin CSF -~
and plasma. Standard noncompartmenlal methods were employed 1o charactes-
+-ize ph kinetic P
s:rvht inc). The foilmvmg paramecters were calculated where possitie: area under
* the concentiation-time curve from Lime. zero fo the last' measurable contentra-
* tion {AUCy 4} and infinity (AUC,.), apparo;nt ty and apparent oral clear—
apce (CL{F). AUC values were computed” using the- hnear-hapezojdal ule.
. - AUGC.. was cstimated using AUCy,,, Clsin whiere O, is the Jast mea-
", surable concentration and A is the apparent elmnnat:on rate constant deter-
*“miped by log- hncarrcgi'esston of the last four terminaf conceritration clntn points
" Gifing with an .2djusied sesidual squared value of =0.90. The ratios of CSF/ .

- plasma éxposure 01 Cpye 2nd AUC, ., weve also delerniined for each of the | *

i _two analytes. In addmnn, oseliamivid/OC ratios (adjusted’ for- the molecula: :
7. welght differences) weze calculated for Cy, and AUCQ_,,,U once for the matiix-
' p]asma and sepn:ately fot the matrix CSE.

RESULTS

A total of eight.heélthy male volunteers (four Caucasianand

four Japanese) entered.the study. No females were avaifable
for enrollment within the study Himeframe {approximately 1
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" TABLE 1. Demogxaph!c baseime charactensh«s by ethnic group

and total population

. Mean (range).
Pacameter 0 e 1 _
‘ (n = 4) (’_; =4 . Total(n = 8).
Na. of sulfjects by . ’
gender - . .
. Male | . 4 4 . B
Feaa‘;; 230 24-33) ‘ 268( 5} -239(24—-5)
Asge X 3 243 . 3
t (kg)’ 669 (61.2-735)  656(576826) 663 §57 8-82.6)
Et (¢m) 1733 (169177 © 1728{163-176)  173.0 (169-177) °
Bodymassindex  222(207-235) .221(188-289) 222 {(188-28.9)

{kg/m’)

3

'month) Demographxc baseline chatacteristics were well bal-
- anced between the Caucasian and Japanese groups. (Table 1).
" Assay validation. In both matrices, the calibration curve: -

. ranged from lower limits of quantification of 1 ng/ml and 10

- ng/ml for aseltamivir and OC, respectwely, up to 250 ng/ml for

- oseltamivir and 10,000 ngfml ‘for OC. For the analysis in .
plaspa, the intcrassay precision (coefficient of variation) .

" ranged from 3.8% to 5.4% for eseltamivit and from 2.2% to |
o 1% for OC, and the accuracy ranged from 100.0% to 103.7% - - -
for oseltamivir -and from 97.5% to 99.3% for OC. For the

‘apalysis in CSF, ibe interassay precision ranged from 0. 0% to
3.3% for oseltamivit and from 1.6% to 9.1% for OC, and the
agcura.cy ranged. from 104.0% to 114.5% for oseltamivir and
from 98.2% to. 103.8% for OC. No marked inaccuracies were

foundin the concentration ranges of the plasma and CSF study
samples. ‘
" Pharmacokinetic analysy.s. Figure 1 and Fw 2 show the

_mean (= standard deviation [SD]) plasma arid CSF concen- °

tration-time profiles for oseltamivir and OC in plasma and CSF

. for Japanese and Caucasian subjects and the overall popula-
tion after a single oral dose of 150 mg oseltammr phosphate. -
" For both analytes, mean ‘concentrations in CSF were consid- .
embly Jower than those i in plasma. Table 2 and Table 3 sum-
_ marize the measured and computed’ pharmacokmetzc param-
eters for oseltamivir and OCin plasma and CSE. Mean (= SD)

« plasma values were 115.(£40.0) ng/ml for oseltanivit and

SD) C,, . values for oseltamivir and OC were 24 (+0.9) ng/ml

."and 19.0 (£14.9) ng/ml, respectively; these weré measured at
median {range) T, values of3.5.(1.0 to 5 0) hand 8.0 (6 Oto .

12.0) h.postdosing.

Oseltamivir concentmuons were quannﬁable for up to 12 ho

postdosmg ih plasma-and 9 hin CSF. OC concentraﬂons were
detected for up to 24 h in-plasma and for vp-to-12 hin CSFin
all but-one Caucasian subject. This subject displayed the high-

" est CSF concentrations for OC with a C,y,.,, value of 45.9 ng/ml

at'7 h postdosing, but the oseltamivir concentrations in CSF
were not remarkably high compared (o those for the remaining
subjects. This subject was also shown to have bloed centami-

"-niation of the CSF up to 5 ki postdosing, and OC persisted in
_ the subject’s CSF samples until 24 h after drug administration. -
- In a different Caueasian subject, OC concentrations were not

detected in CSF at any time point, while oseltamivir concen-

- 544 (+92.6) pg/ml for OC. The correspondmu median (zange) ..
o values were 1.0 (05 to 40) h and 5.0 (4.0t0 6.0).h for
oseltammr and OC postdosing, Tespectively. In CSF, mean (= ©
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F[G 1 (A} Mean (+ SD) concentration-time profile for oseltama
vir in 'piasma after a single oral dose of 150 mg os¢ltamivir phosphate

" in Caucasian (r = 4) and Japanese {n = 4) subjects and the overall
population (= 8). {B) Mean (= SD) concentration-time profile for
. oseltamivir in "CSF after a single -oral dose of . 150 mg oseltamivir

phosphate in Caucasian {z = 4) and Japanese (n= 4) sub_(ects and the -

overall pc)pulation (== 8).

‘trations were méa.;;urablt_a untif 6 h postdosing. In this sul'ajéct,
values for OQC in CSF of zero were assigned for C,n,, AUC) o

and the respective CSF/plasma ratios, and these values were-
included in the respective summary statistics. The intessubject:
pharmacokinetic variabilitics (SDs) for the parameters C .

. and AUC, yu In plasma in relation fo the sample mean (per-
* cent coefficient of varfation) were approximately 34% and 17%
for osellanmivir and OC, respeclively. This is consistent with.

previous experience with-the drug (Roche data of file). The:

corresponding intersubject variabilities for C,,,,, ard AUCq 1z,
__ in CSF were higher for oseltamivir (36% for C,,,,, and 48% for
"AUG, 1) and OC (78% for C,,., and 129% ior AUC, .0)»

the latter two. percentages reflecting the' most extreme C,,

values measured for OC (0 ng/ml and 45.9-ng/ml}.

In the overall population, the mean (% SD) C . CSF/- -

plasma ratios (in° %) for oscltamivir and OC were 2.1%
(£0.5%) and 3.5% (+2.9%), respectively (Tables 2 and 3). For
both oseltamivir and OC, the concentration-versus-time pro-
" files-in plasma were sufficient to estimate AUC, .. and £, and
to derive the apparent oral plasma clearance for oseltamivir.

For both analytes, plasma AUC, ;... covered more than 90%-

of plasma AUGC,_... The mean:plasma £, ; of OC was triple that
of oseltamivir (5.4 h versus 1.8 h), and the niean plasma CL/F
_ for oseltamnivir was 502 liters/h. In contrast to the pharnaco-
kinetic plasma data, the CSF concentration-versus-tile pro-
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FIG 2. (A) Mean (£ SD) concentration-time profile for OC in

.plasma ifter a single oral dose of 150 mg oseitarmivir phosphate. in -

Caucasian (n = 4) and Japanese {n = 4) subjects and the overall

’ popu]auon (n = 8). (B) Mean (= SD) concentration-time profile for

OC in.CSF after a single oral dose of 150 mg oseltamivir phosplate in

. Caucasian (1" = 4) and Japanese (n = 4) subjects and the overall

p0pu1atlon (n = 8. -

files did not allow a reliable assessritent of AUC, ., for either

. analyte; hence, only AUC, ., values are reported for CSF.

The mean (= SDY AUGC, 4, CSF/plasma ratios for the total
population for oseltamivir and OC were 2.4% {£1.1%) and -

L 28%(*4.1%), rcspecnvely The individual AUC, ,;, valuesin

CSF covered a time period between 2 and 9 h-for oseltamivir
and 12 or 24 h for OC and the individual AUC, ,,, valuesin -
plasma covered between 9 and 12 h for oseltamivir and 12 and -
24 h for OC. If approximate free pldsma concentrations (58%
for oseltamivir and 95% for OC [Roche data on file}) were
used fo calculate the respective CSF/plasma ratios, these fig-

‘ures would double for oseltamivir {that-is, to approximately

5%) but would remain similar for OC. In the subject with
blood-contaminated CSF, in'whom higher OC CSF concenfra-
tions were observed, the resulting CSF/plasma ratios based on

_ total concentrations_for OC: were 95% (C,.) and 11.7%

(AUC) (these values would be only slightly hlgher if free con-
centrations were considered). In the overall population, the
mean (+ SD) C,,,, oseltamivir (prodrug)/OC (active metabo-
fite) ratios (adjustéd for the molecular weight differences) were
18.83% (+4.1%) and 124% (%5.1%) in plasma and CSF, re-
spectively. The AUCq 1, oseltamivir/OC molar ratios were
5.1% {+0.5%) and 2.4% (:£8.8%) in plasroa and CSF, respec- |
tively. '
This study was not empowered to identify diffierences be-
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2t | "~ " | tween ethnic groups. Nevertheless, no gross diferences for

. %. é HHH. T any phamacokinetic paratmeters were observed “for either
§§ 2 Asy - T - oseltamivir or OC between the Caucaslan and Japanese sub- '
£ e ‘ B jects (Fig. 1 and 2). .
E ) UE HALH o Safety. A total of 20 adverse events were reported durmg the
. 34 . study, all of which were mild t6 moderate in intensity and "
— g 37313} " resolved without sequelae (Table 4). All but two events weré
B ARAL nnrelated to the siudy, medication; one chest pain with a re-
18 g A58 (8 -mote relationship to oseltamivir and one headache with-a pos-
u, 3 E :jé’é' iy N . sible relationship to oscltamivir. Yo general, headache, back
2 MR8 .§ E © pain, and post-lusnbar-puncturé syndrame occurred due to the - -
% X % ggg '§ : " Jumbar punchire procedure. Caffeine and paracetamol were
g r}€ ClooC 8 - administered to treat these conditions. No deaths, serious ad~
g5 ?}”’ g goigl® . verse events, or withdrawals after drug administration oc-
glegla|naw| g curred. during the study, and. thére were no clinjcally relevant
B g p‘_ 238 'g . changes in vital signs, ECG, or laboratory parameters at fol-
e Iry, -
::é @ 7 2%% g Iownp .
SN
2] 7 8|=5%]s DISCUSSION
. &
E B P - 3 boliy Yi the current exploratory study, we eva]uated the pharma— :
R IPEN LB B . cokinetics of oseltamivit and OC in the CSF and plasma of .~
2 g'—g, :‘:: & _ healthy Japanese and Cancasian adult volunteers to further
o = g esis § . our understanding of the CNS penetration of these entities.
B TS Haa g .Concentrauons of oséltamivir and OC in CSF were low (mea.n
= 8RR g 2.4 ng/ml for-oseltamivir and 19.0 ng/ml for OC in CSF);
B 888 |g : and maximum’ concentrations were 219 and 3.5% of those -~
¥ 1233 (5 _ attained in plasma, respectively (mean Coo 115 ng/mi for
| %g'f:« g _ oseltammr and 544 ng/ml-for OC in plasma). Overall-exposuie
) Fé = e g. was also low in CSF compared with plasma (mean AUC CSE/
ol B ga=|8 plasmia ratios of 2.4% for oseltamivir and 2.9% for OC). Col
a2l [B|3d3E " lecfively, fhese findings demonstrate that the CNS penetration-
-y =3 %%% % : -of -oseltamivir and OC-is low in healthy individuals. The, rela-
g dag | &5 ive Cm._,x and AUC, y;; oseltamivit/OC ratios in plasma rc-
- =99 ‘;’ ported in this study are consistent with data from previous .
gl 7. :E; nan £ studies with healthy volunteers (Roche data on fle). .
218 BE%)e : These: findings are consistent with two case reports deserib- -
203 taleas (8- ing CNS penetrafion in influenza virus-infected individuals (5,.
. E ‘G |E{wan g- * 31), These cases comprise examination .of the CSF of a 10~
‘ gl 1334y . year-old male, with influciza B virus-assotiated encephalitis
=l . 1 |ges E‘.:if S _ {31) and a postmortem éxamination of several brain regions
8 | 223 9 . “from a 13-year-old Japanese male with influenza who had
. B, s 8 | ‘::: 5 " taKen a single dose of oseltamivir and subsequently feil to his =
- %‘" . RACLL I death from a building (5). In both of these cases, no or low .
el £ ).188E) 8 _ concentratiops of osehtamivir or OC were detected in CSF or
. 5’5 £ g.-ég. § human brain homogenates (5, 31). Preclinical studies involving . ~
-l mlgSa | B . . sats and fen'ets also show uniformly low brain penetration .
L 3 A following administration-of oseltamivir phosphate (Roche data
i~ IRIRY P98 ot 8- . on file). For oseltamivir, brain exposure in rats after intrave-
LEr g B1EEL % - .- nous administration was apprommately 20% of plasma values,
2 ::Q g . wheseas for OC it was approximately 3%. It should also be
i e lang|® noted that these studies employed whole-brain-homogenates.
“E bl g; B and that concentrations in fissue may have been overestimated .
RR 5 _‘__:.:: due tb confounding by blood vessel content, especially in cases
. E.g with high plasma—to-bram ratios (Roche data on-fie), Recent
; E [Eg |84 * studies in mice showed that access to thé CNS by oseltamivir
2. |8 8s g‘j. was also restricted by P~g1ycoprotcm (P-gp); it should be noted
(5] 8 ERR b that in the absénce of P-gp in knockout mice, the brain/plasma
G3& ratio was still low (around 0.35) (20, 25). The limited access of
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OC to brain is thought to be due to its low Itpopbihaty leading

. ta low passive diffusion across the blood-brain barrier (BBB).

It is recognized that, due to the short time period in which

" quantifiable concentrations in. CSF could be measured, there

was a pateatial for underestimation of CSF AUG, ,,, values.
This could alse have led to underestimation of the calculated
AUC, ... CSF/plasma ratios. However, it is reassuring that
even when a “worst-case scenario” was applied, with the last
measurable CSF concentration for each subject extrapolated
to the plasma time to last measurable concentration (7.}, the
AUC, 1, Values in CSF for the total population for ‘oseltamivic
and OC were 14.0 (£3.6) h - ng/ml and 291 (£204) k - ngfml,

vespectively. The values remained of the same magnitude as
those of the AUC,, ;... values estimated using the actual CSF
Tiasc values, which were 7.6 (24.4) b - ng/mi for oseltamivir and

- 151°(=202) h - ng/ml for OC. The corresponding mean (= SD)

AUC, 1., (CSF)/AUC, 1., (plasma) ratios for the total pop-
ulation were still very low when this conservative approach was
employed: 4. 6% (+1.0%) for oseltamivir and 5.2% (+3.9%)
for OC.

No females were avaﬂabie for enrollment within the re-
straints imposed by the study timélines. This was not expected
to affect the ontcome of the study, as previous investigations
within the wider oseltamivir clinical program have indicated no
significant gender differences in the  pharmacokinetics of enther
oseltaimivir or OC (Roche data on file).

In the overall study population, oseltamivir was detectable in

_the CSF for a median duration of 5.5 h and in OC for a median .

duration of 12.0 h. In one subject, whose first six CSF samples

‘were contaminaled with blood, OC persisted in the CSF for

24,0 h, While oseltamivir is a P-gp substrate and is eliminated

~ from the' CNS by this, transporter, it has been speculated that

active efflux of OC from the brain at the BBB may occur via

_organic anion transporter 3 (OAT3)-(23), which is a hémo-

logue of OATI, the mediator of renal tubular secretion of OC
(11). OAT3 is expressed at the BBB and actively eliminates
organic anions from the brain.(15, 16). )

Within the limitations of the study- dcs:gn (ie, chploratory U

" pature and limited sample size), no gross differences in the

CSF or plasma pharmacokinetics of oseltamivir or OC were

" observed between the Caucasian and Japanese subjects. This is

consistent with published findings showing no discernible dif-
ferences in the overzll pharmacokinetic profiles of oseltamivir
in plasma between Japanese and Caucasian adulls (28) and
children (7). It has been suggested that genetic variations may
contribute to the higher incidence of CNS events reported in
‘certain ethnic groups. For example, Shi et al. postulated that

" variations in the human carboxylesterases hCES] and hCES2

could lead 'to decreased conversion and therefore higher-than-
expected systemic concentrations of oseltamivir (30). Utilizing
a population pharmacokinetic model, simulations of oseltamivir
75-mg twice-daily dosing without oseltamivir conversion to OC
gave sleady-state C, . values that were arousd 14-fold higher
than those achieved when the metabolic pathway was intact
(Roche data on file). Nevertheless, these estimated values -
-were approximately 1.4-fold Jower than those observed in a-
clinical trial of six subjects who received 1 ,000- -mg doses, in
which no neuropsychiatric adverse events of note were seen
{Roche data on file). Genefic variants of OAT1 (which medi- -
ates renal secretion of OC) (1, 4, 19) and P-gp (which controls
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: TAB-,L.E-"J,Z ‘Subjects repozting adverse events

by ettinic group and total population

No. of subjects with;

- All body system disorders .

mi‘“)"i polsoning, and

- Musteioskeletel and eonnective

By .
disorders
Bhotophabia

" -proceduial,
complications .

Muscaloskeletal
stiffness |

tissug disorders

. Gastrointestisul disorders

Nausea

Nervous
disorders
I:_It_s:idﬁ'acha

. Bystem

. Total no,
of AEs -

No, of subjects
with =1 AR

o)

Ethnle gtoup.

‘Post-lumbar-puncturs
+ syadrome’

* Backpaln

_ Vomiting

=D

Dt

20

Japunese (4).

Caucusian (4)
Total (8)

o

U AR, ndversé mvent,
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' BBB penetration of ose]tammr) (13, 27)- do oceur, but a]ter»-_ ;

ations to their function as a result have not been demonstrated.
Given the low CSF concentrations observed -in subjects in .
the current study, the potential for, oseltamivir and OC to .

induce or exacerbate CNS dysfunction appeats low. Ose etal. =
. have suggested that GC could act on human neuraminidase -

enzZymes. (ﬂa.hdases) in the brain and disrupt the mitochondrial

. apoptotic pathway in newronal cell death (25). However, in, .
 vitro data suggest that neither oseltamivic nor OC-nhibitsany -

of the four hyrnan neuraminidases at concentratlons ofuptol
mM (32). Fm-t.bermore, investigation of 155 different molecu-.
lar drug targets, covering a broad range of receptors, enzymes,
and ion channels, many of which are relevant to the CNS, did-
not produce any relevant findings, indi¢ating a lack of mecha-.
nism for peuropsychiatric adverse events-with oseltamivir or

OC (18). Clinical data also support the lack of an association, - -

between oseltamivis and CNS adverse events in young individ-

uals with mﬂuenza. In two Japanese case series, the gnset of * -

abnormal ot delirious behavior was found to occur both before
and after the initiation of oseltamivir therapy (8, 23), suggest-,

ing 0o femporat association between the two evenits: Epidemi-1

ological studies also demonstrate that the incidence of neuro-,
psychlatnc adverse events is similar between patlents with”

- inflnenza who receive oselta:mvxr and those who Teceive no
- amtiviral (2, 34). D
Oseltamivir was well tolerated in this study, wmr.h the major- .~ -~
ity of adversc events related to the continuous mdwellmg Jum-
bar calhelerization limbar puncture technique used to obtain

CSF, samples. Methods involving contirfuous collection of CSF

 for 12 to 36 b, with up to two sampling periods separated by a o

7- to 14-day recovery pcnod are used in experimental- medi-
ciné and proof-of-principle studies. They can establish phat-.
racokinetic-pharmacodynamic modéls {hence “dynabridging”)

- and downstream (proteomic) effects of drug administration: Con- -
. tinuous indwelling Jumbar catheterization has been perfortited in ;
over 450 healthy voluntcers and patients at California Clinjeal ~~ =~

Trials, from 1997 to the present (3). There have been no serious -

-adverse events from these proceduses, and the xate of ddverse.’
.events hasbeen no dxﬂ'erent from that for single Iumbarpunctur&s' '
" (i4). )

This study supports the. idea that the CNS penetration Of

" oseltamivis and OC is low in healthy J apanese and Caucasian L.
individuals. Preclinical and clinical data support the idea that . - ~
oseltamivir and OC have a limited potential to induce or ex-" "~
acesbate GNS adverse events in individuals with inflacnza, A

- disease- rather than.dmg—relazed effect. appears likely.
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