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General

I have been asked by Simmons & Simmons [the UK solldtors of
GlaxeSmithkling) o cemment on paragraghs 15.1 = 16,4 of the
Farticulars af Clalrm,

I have alo baen asked by Simmons & Simmons b prepase an
intreduckory primear, outlining the technical background to the Aréas
coverad by this report. This dacdivmant \s presently being completed and
wil' then be attached to this repert a5 Anras 1,

e this report 1 refer to 8 number of sclentifc papers; these are listed as
Afifae 4,

When I wes first reguested bt ghve evidenca I thiz cass, [t was
axplpined te me that sy overriding duty |5 to provide expert and
imipartial essistance to the Cowrt. I fully subscribe to that aparoach and
feve gaught b comply with it at all timas in producing this repert,

Qualification and Experlence

I arn Professer of Pharmacolegy at Uwerpool Unlversity, having besn
sppoirted to a personal chair in 1934 on the basis of external
tesomomy. 1 Reld the degrees of BSc and PhD.

1 mm the authar or co-auther of mone than 300 pear-reviewed papers In
the field of pharmacokingtics, drug disposition and drug interactions, |
arm Ehe author or co-authar of more than 100 peer-reviewed papers on
the metaselism snd pharmmacokinetios of ant-HIV drugs. 1 am currenthy
head of the Liverpoal HIV Pharmacalogy Group which comprises & team
of aporowimately 20 basle and clinical researchers workng 1n the
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following areas: Intraceliular phosphorvlation of nuclecside analogues;
therapeotic drug menitering of protease inhibhors; pharmacologicsl
mechanisms of faliure of therapy and pharmacogenomics.

I am currently a member of the UK Medical Resesrch Councii AIDS
Therapeutic Trials Committes and several other trials committees. 1
whs Editgr In Chiel of the British Journal of Clinical Pharmacology from
1995 - 2000, 1 am & recent co-founder of the Inbermational Soclety for
HIV Pharmacology and & member of the International AIDS Society. 1
attach & copy of rmy curricuium witee as knnex 3.

I have reCehved research grants from the following companies:
GlaxwoSmithiding, Brigtel Myers Sgquibd, Agouron Phormaceubtioals,
Abbott Phammaceuticals, Triangle Pharmaceubicsls, Shire Bliochemicals,
Boehringer Ingetheim, Merck Sharp & Dohme, Roche Pharmaceuticals. 1
have actsd 88 consultant and guest leciurer for the above.

Background to AZT and revarss transcripton

Zidovudine (AZT) is & prodrug that has to be converted inside cells to
the sctive triphosphate snebolite, AZT-5 triphosphate (AZTTF), before
it can have & pharmacoiopical effect. The inftisl conversion step is by
the cellular enzyme, thymiding kinase, to Ddovudine5-monophasphabe
[AZTMP) which is then in turn phosphorylated by thymidylate iinase to
the S'-diphosphate (AZITOR] and then Dy pyrimidine nuckeosice
diphesphate kinase to the 5-triphosphate (AZTTP).

In the triphaspharyiated form AZTTP s an analogue of thymidine, ong of
the four bullding blocks of DNA. As explalined In the Introductory Primar
b this raport (Annex 1%, the replication of M1V regquires the converslon
of viral RNA into DMA, which then becomes ingorporated in the host's
own DNA (a3 proviral DNA). This process Is called reverse transcription
and is catalysed by the viral enzyme réversa transcriptase. As it is an
analogue of thymiding, AZTTF becomes incorporated into & growing DMA
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strand by the ackion of reverse transcriptase, However, becsuse It |acks
an essential hyoroxyl (OH) group at the 5° position that [s necessary for
forming a bond with the nsxk deoxynuclecsida srphosphate (dNTP - the
gernic nama far the four duliding blecks of DNA) and Rence slongation
of the growing DNA chaln, the incarporztion of AZTTP In plece of
thymtiding results in chinin termination. In this way AZTTP blocks the
conversion of wiral RNA Irbd DHA and so inhibita the replication of HIV.

The rate-limiting step in the above process (8 the comMersion of AZT™MP
ta AZTDP, hence AZTHMP accumyfates so that the concentration within
the cell of the monophasphete & greater then ether the di- or
triphosphate.

Since It is the triphosphate anabolite that inkesruprs the Srmatdon of
viral DNA& from the host's endogencous dNTP poal It ia correck to focus an
plvatal in wirg and i vive studies which have examined the intrace!ular
gharmacslagy  (ooncaniralions and mechanism of action) of the
Lriphosphare.

Tn vitro stud el of the IG5 for HIV reverse tronscriptase

It is the pringlpal contertion of the sectlon of the Partculars of Clalm
dealing with AZT triphosphorylation (paragraphs 15 and 16) that much
Mgher concentrations of AZTTPF are necaeszary o Inhibkit reverss
transcriptzse than have to date basn determined in cells n wivo, This
contention 5 based om the sdragolation of findings drewn from & single
in vitro study by Furmen and collesgues (L3B6). Howaver, the Plaintiff's
cortentons are fundamentaiy Mawed for the reasone sat out below.

In studies with purified enzymes or cells in culture, It I8 cemman
praciice b calowlate ICk wElues, The ICsp 1S the concentrationm of an
inkibtor that either produces S50% inhbdbitian of enzymae activibe ar,
taking enaothar axémole with whale ceils, producss 50% dacline in wirus
productlon, =0 the 1Cso 8 an indicator of how effective a compound (2
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driug) is 8t inhibiting a particular cellular process g, the lewer the 1050
Is tha greatar the inhibltica, It Is important to note that ICw values ars
typlcally used mot o an adsclube number that can be transposed to
ather axpérimentnl sat-ups, but far purposss of comparson within a
seif-containec study, i.e. a5 a screen of the inhibitian of KT by different
MRTLS, Frovided that such an experiment |s deslgnad In such 5 way that
the orly variable between differeat arms of the study & the drug uses
{all sther sandittans are held gonsteant), then In guch circumstances &
comparisen of the ICs: of the dierent drups would be valid. As & result
of suth an experment, & rank order of the inhibitory ablity of different
drugs cauld be cemplied. Howewver, for the masors set out in the
fallowing parégreph, this is not necessarily pradictive of how the drugs
wolld compane in satients.

Data generatad 7 witro must always be extrapolated with caution to the
in vive sibsstion (which [ describe in desail balow |n relation to AZTTR).
This genersl paint can ce lllustrated throwgh the following example:
Ritoravir (o protease (nhilftor approved for tréating HIVY s a potent
inhibiter of M witre mickabolism But in patients W vive can either induce
or inblbit enzymes.  Hence, when ntonavie was found o InkiBit
methadane metaboalism & witre [Iriberne &t al 1998), the data wers
extrepolatsd o e i wive shhuatfon and it was conduded that patiants
would regulnd 8 reducton in methadore dosage. WHowewer, when B
study was parformed In subjects recsiving methadons (Hsu ot al 1598),
it was found that ritenavir increased the rate of metabolism so that
aatienfs would aetually réquire an increase o doss.  This exsmpls
Mustrates that an fr vitro result 15 net necassarly indicathve of the more
camplex i wivo sikuation. Fn witro dete can sa'dem be regarded as the
dofinioned Fnding when losking &t a camplex cellwlar praceds,  fn widtro
expeiments help design other in witre experiments and ghve Imporkant
direttinn to the silatlishing of in vivo studies,
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It Is totally Inappropriete o corslder a caloulation of 8n 1Cn: determines
under in wire conditions to be the deffning concentration of drug {in this
case AZTTF) that is required !n vive, or even to use this as 2 guideline.

This = acknowiedged 'n =evernl of the pepers referred to in the
PFlaintiffe” Perticulens of Claim. For example:

[A]  Rodman et al (1996) state at p491, column 1, para 1. “However,
fnfected human call fines or ex-wivo studies af ymphooytes are
unlikelty to Be representadive of Ehe comples milleu of the HIV-
infected patient™;

(8] Huscer &t &l (1991} state at p773, column 1. para 2 “A detailed
knoviledge 305 @ vive pnosphorylalion (8 Important for ssversl
resons., First, there s documented warability of AZT
phosphoryiation in various cell systems, and data from o Wil

experimants cannot necessarily be odropolated to the in wiveo
situation; and .

{C} FRobbing & &l {1994) state at pl15, columm 1, pard 2 "Eecause in
vibrn results Trem human ol lines In owlbuce cannpt necessarlhy be
extrapolated to the in vivo situation ...~

Ay ICx: determinstion is absciutely dependent on the conditions of the
wxparmient in which it was calculated, such that the number gensrabed
can alter by an order of magnitude {10-fald, 100-tola} If the constituent
companemts of e sreay 8re altered. Far exmmphe, IF thes concantratian
of the enzyrme ar of any of the substrates used In the experiment is
altered then ths T0se will be altered. The Plainthile correcty polnt out
thet an ICsp wvalue of 0.7 uM for the wirsl reverse DanscriptBse was
caloulsted vnder the conditions wsed by Furman &t al (1986). The
ezssntial components of the readion were: purfied HIYV reverss
transcriptase  (the enzyme) radiolabelled [“M] dTTP? (substrate),
wmpiace pnmaer (the groviing DMA chaim), and ALTTP (inhibitor). 1t is
irmpartant te nate that the dTTP concentrabion was 5.8 uM = Le in

=
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axcess compared o AZTTR, If the dTTP had been lower, then the ICs
for AZTTP would have alst baen reduced. An ICy vBlue is dependent on
the substrate concentration as well as tha patency of the inhibiter.

The concentration of AZTTP and dTTP in wive 18 difficult to measure and
in sddition may very between individuals, ICs wvalues heve been
measured st & range of drug and substrete concentrations with varying
caloslations of ICas - wée paragraph 4.8 and 4.11 below.

Paragraph 16.2 of the Particulars of Clalm describes Furman's In witro
conditions as being "ideal’. The only ideal conditions will be those that
reflact as closely as possible the in wvivo situstion. This would require
all dNTPs to be present at physiclogical concentrations and a template
prirér that reflected the make up of the viral DNA template. The
primary purpose of the Furman study was to lock at the selectivity of
the inhibitory effect of AZT for the viral enTyme reverse transcriptase
rathier than the human enzyme DHA polymerase o. It was not designed
to model the in vive situation and 1 note that no attempt was made in
the Furman pager to Bssign amy i wivo significance o the measured
[Css value. The experimental conditions cited by Furman can be
considersd appropriste for generating enryme kinetic data. However it
is worth moting that d7 vivo dTTP concentrations are in the range of 0.5
- 2.5 uM (Hoggard et ol 2002;) and therefore the dTTP concentrations
used by Furman are up to 10-fold higher than those seen in vivo. Also,
thit CHARM study highlighted the variabllity of dTTP levls both bebasen
and within patients,

It is important to note that other researchers (White ot al 198%;) have
given an IS of 0.01 M o HIV reverss transcriptase under only slighthy
different conditions from those of Furman et al (dTTP = & pM). The ICx
wvalue of White et al is 70 Umes less than that of Furman &t al,
demanstrating that even where the conditions used are similar, the ICg
calasated will depend on exactly how the experment was parformed.

=
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This 70-fold diffarence highlights the inappropristeness of considaring
gne & witro value of ICe and axtrapolating thiz o the i vive
emvironment. The able below shows how the 1Ce depends on the
different expardmental conditions used. Of particular Importance arg the
date of Heldenreich et al (1990;). [In this paper the suthors
demonstrate the inhibitlon of HIV RT by AZTTP a8 & function of dTTP
concantration. Using dTTP concentrations between 1.7 and 22 pM the
ICse values ranged between 0,08 and 0.32 uM,

Study Furman | White | StClair  Heldenreich |

PMAS 1986 | BBRC 1989 AAC 1987 B 1980

Eonsirate TVarabia D ] GaM " variable T Vanabie hun
| concantraion | S.6aM  used | 4.daM  used i|
1 (aTT?) for 1Cu Il | for 1Css !
TEaryme MV AT |HNH'.T |1-ITI;'I' THIV RT ]
| ||

| Ternpiate orimer | Poty(ra)- | PolyirA)- | MEetive | Poly(rA}= |
- oligaldT) ! oligeddT) [ {l:mm cligal{dT) |
I| I] HIV RT) | |
- |

[ 0. 7EM [ 0.01uM I = I.u.u-an? M |

{ i | | | |
F [O04 M R 0,08 pM [5.0% oM ,

S0 ICes values are not foced or absolute and will differ from [aboratory to
jaboratory becsuse they are totally dependent on the experiments
protacol gnd conditions (such as enzyme and substrate concentration or
the ool line used and the stage of the cell sycle). Considering an
experiment with isolsted reverse vranscriptase, the competition involves
substrate and Inhibiter, Therefara the axtent of compsetition will be
related b the concentration of substrate [le. it I3 the ratlo of the
concentration of substrate (dTTP) to the concentration of Inhibitor
(AZTTP) that is 'mparant). In addition, the presence of more enzyme
will maan that thane are more sctive sites for binding substrate and this,
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too, will alter the rate and extent of the reaction. Furthermore, different
enzymes isolated from differént wiruges ere lkely to have different
affinities for substrate and Inhibitor. All of these factors are capable of
markedly aitering the 10 measured in & particular experiment,

On the other hand, determination of another walue that can be
calculated Ehrough in witre analysls, a Ki value (inhibition constant of &
drug for enzyme), is less prone to vardabllity between expedments
because one uses a range of concentrations of substrate (4TTF) and
inhititar (AZTTF) In the assay. in the study refarred to above, Furman
et al (1986) calculated the K to be 0.04 pM. A similar value was shown
by Heidenreich et al (1990). Using a different templats, St Clair ot al
L1SET) reported the W for AZTTP to be 0.01 uM. Note that the K is &
measure of the association batwaan the énzyme and the inhibitor, It Is
uwied Lo determine the potency of enzyme inhibition and can only be
used when vou are dealing with en ensyme. [t cannot be used far
whale cell studies (unlike the [Csy). So Ki, not ICsy , Is the best
parameter to generate i anzyme studies, ICss values are the best
miarker for inhibltan of cell growth and/or toxicity.

That AZT has antiviral activity in witro is undeniable. My research group
has recently demonstrated that In persistently infected U-937 cells (a
human T-cell derived immortal cell ling) the ICs for AZT (that Is the
concentration of AZT reguired to give & 50% drop in wirus production)
was 0.05 pM (Hoggard et 2l 2000). In a parailel study, intracaliular
AZTTP and dTTP concentrations and the rate of AZTTP:dTTP wers
determined, AL a concentration of 0.02 uM AZT, the intracellular level of
AZTTP was 0.04 pmol/10® calls, which s comparable to valuss seen in
vwivo (see below). This experdment demonstrates that: a) AZT has
antiviral activity: and b) that AZTTF i$ preduced intracaliulary.
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In vive phosphorylation of AZT

A5 indicated above, AZT Is only effective in Inhibiting reverse
transcriptase (and hence viral replication) in its triphosphorylated form,
The Plaintiffs sllege (In paragraph 16.2 of the Particulars of Claim) that
"AZT iz triphasphoryiated Insignificantly [ wiva™ and that the best
designed and executed studies indicate that AZT Is “triphosphorylated in
vive 1o levels one or more orders of magnitude below the drug's ICs
value, as determined by Furman et & in ideal n witro conditlons™. 1
heve Blready dealt with the ICs, data of Furman &t &l above and
demenstrated that: 1) ICs wvalues depend on the experimental
conditions in which they were determined and sccordingly vary greatly
from laboratory to laboratory; 2} there is no basizs for the statement
that Furman's conditions wera “ideal’: and 3) it 5 wholly inappropriate to
extrapolate from an in witmo measurement of ICss to the i wviveo
situation, I will few address the 0 wivo data on AZT phosphordation,

In this context, the use of the word “Insignificantly” by the Plaintiffs is
not appropriabe since numergus stedies by different investigators
[please see Annex 2) have dearly demonstrated that intracsliular
coneenbrations of AZTTP greater bthan the @ witro K value can be
determined in peripheral blood mononuciear cells (PBMCS) from HIV
positive patients receiving midevudina-containing therapy. Furthermors
It Is Important to remember that the ‘significance’ of the antiviral effect
of the drug (which ooours only via triphosphorylstion) has been
established in the numerous dinical trials that hawve shown that AZT
alone or as part of a combination of ather drugs Is extremely benaficial
to HIV patients

My research group hes been at the forefront of developing
methodelogies for intracellular anabolite determinations fn  whivo
fimcluding Barry et al, 1994; Barry ef af, 1996; Phiboonbanakit =t af,
1998; Wattanagoon & af, 2000; Moore & af, 2000: Hoggard &t af

8
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2001; Kewn et &/, 2002). It Is important to observe that the different
analytical methodologles used bath by my group and others (see Annex
2} give comparable measurements of intracellular AZTTP. Examples of
the oifferent maethodologies used sre 1) high performance liguid
chromategraphy - radiolmmunonssay; 2) solid phese extréction -
tandern mass spectrometry; 3) cartridge = radisimmuncessey: )
enzymatic = primer extension. A&s in a4 areas of clinical science,
methods have been refined and levels of assay sensitivity improved as
technology and know-how has advanced. However, in wivo studies
annexed bo the Farticulars of Claim are some of the pivotal dinical
studles In this area. Mgre recently thare have been advances in
methodologles such that we now have assays with greater sensitivity
with a consequent lowering of the limit of quantitation

In clnical studies, the majority of values of AZTTP concentration as
calculated by the varlous methods listed abowve, lle between 0.04 and
d3.15 pﬂiﬂiﬁlﬂ" cefis {values wifl depend amongst other things on the
timing of the sample). Based on the volume of a single PBMC these
values can be expressed as ‘micromolar’ concentratiens. The average
PBME wolume is 0.4 picolitres {data based on FACS analysis or Coulter
counter analysis). Therefore the intracellular AZTTP concentration Is in
the range 0.1 - 0.36 pM, L., about ten-fold grestar than the computed
Kivalues, listed above, of 0.01 - 0.04 uM (see paragraph 4.10). So if
we are to attempt any i witre = {7 wvo correlation (and we have to bear
in mind all the caveats previously listed), 18 polnks to the pressnce of
inhivitery concentrations of AZTTP In wivo and not to ‘insignificant’
phesphonfdation.

Two recant seminal papers should be highlighted.

(A} Firstly, Fletcher et al 2000 reported on zidowuding triphosphate
and lamivuding triphosphate [(3TC) concentration = response
relationships in HIV-Infected persons. They concluded that two

10



(B}

commonly used markers of HIV infection, the percent change in
CD4 cells during therapy (CD4 count) and the rate of decline in
HIV RMA (viral load) In plasma were related to the Intracellular
concentrations of zldovuding and lamivudine eriphosphates, 1.e. at
higher levels of AZTTP and Ismivuding triphosphate the incranss in
CD4 count and decrease in wiral load is greater than when the
concentration of triphospharylated AZT and 3TC is lower. This
study is important because It shows a direct correlation bebwecn

AZT triphosphorylation and the immune response In HIV positive
patiants,

Secondly, Hoggard et al (2002) in the CHARM study have
examingd the Intracellular phosphoryiation of Ddovudine,
larmbvuding and abacavir over 48 weeks in 22 HIV patients
récruited in the Dapartment of Medicine, Somerset Hospital, Cape
Town. The novel feature of this study was that all drug
triphasphates and endogencus desxynuclesside triphesphates
were pssayed, This anabled caloulation of the ratic of drug
triphosphate to endogencus triphosphate. Since AZTTF and dTTP
are ‘competing” for incorparation Ints the growing DMA strand it s
the ratio between the two that is important rather than simply the
absolute concantration of AZTTR. Impartently in the Hegoard &t al
study the level of AZTTP was found to be In the range 0.02 - 0.2
pmoles/10° cells and the ratlo of AZTTP:dTTP was shown not to
change owver 48 weeks, indicating that there were no pobentiably
adverse time dependent changes In the phosphorylation profiles
i.e. the ratio of drug triphosphéte to endogencus triphesphate did
not decrease gver the course of the study. This study represents
the mast comprehensive deta-set available for the study of AZTTP
levels (le. 22 patients with data at week O, 2, 6, 12, 24 and 48).
It represents a total of more then 250 drug triphosphate

n
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determinations with an  eguivalemt number of dTTP
determinations,

The FMaintffs heve placed tos much emphasis on the absolute
concentration of AZTTP witheut considering also the concentration of
dTTP with which it s competing. Since It is the ratio of AZTTE:dTTP that
willl uitimately Jetermine antiviral respanse, it is impartant that data 2re
generated for both anabolites; this gives Important additional
informakion. If, for example, AZTTP levels were reduced In & patient but
the dTTP lewvels were also low, then the competing ratio would not
necessanily be different from a patient with higher AZTTP and, ailso,
higher dTTP. Ennyme inhibldon would likely be comparable. So, if ATTP
Is low In cells, then less AZTTP will be regquired to Inhibit reverse
transcriptase, The recent advances im mathodologies to meagure both
components  should enable dose-response  (pharmacokinetic-
pharmacodynamic) relationships betwesn phosphorylation and clinical
effect to emenge.

Thare |5 only one published study (Barry et &, 1996) on the relationship
pebtwesn drug dose Bnd  intrecellular  Zidovudine  triphosphabe
concentration. This is referred to in paregraph 16,3 of the Particulars of
Claim.  Although there was no significant difference in the caiular
concentration of AZTTP {area under the ¢urnve) between the 100 myg
(0.42 + 0.42 pmoles/10* cells x h) and 300 mg (0.61 + 0.81 pmoles/10*
cells % h) doses, variability was large in this small study of 10 patiants,
The sudy was ‘under-powersd’ to datect stotistically significant
diffarences (i.e. ton few patients) and there was no detarmination of
dTTF concentration {which as indicated above is important to gain the
owerall ploture of antiviral activity), It is alse worth painting aut that
the 300mp dose was taken twice per day, whereas the 100mg dose was
taken 3 tmes per day - although it Is not clear how the different timing
would impact on Intracellular kinebics. It is not surprising that a linear
correlation batweesn dose and intracellular concentration of AZTTP 5 mot

12



seen, given thakt there are many steps and varlables that could affect
the rate of phosphorylation at a particular dose, .e. drug absorption,
uptake into cell and then three phosphorylation steps catalysed by

diffarant anzymes. The rate [imiting step |5 the conversion af AZTMP ko
AZTTPR,

&, Conclusion
Based on the abowve fndings, It 1z svident that Tidovudine |s

phosphorylated @ wive and that at the concentretions of active
metabalite produced within the call, tha drug has anti-HIV activity.

Professor David Back
1 July 2002
1734051
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