1 MEDI CAMENT FOR THE TREATMENT OF CANCER OF THE PANCREAS The present
invention relates to the therapeutic treat- 5 nment of pancreatic
cancer. |t concerns in particular a novel conposition for the
treatnment of this cancer and an associjated therapeutic treatnent

met hod. Cancer of the pancreas is the sixth nost comon cause 10 of
death due to cancer in France (7181 deaths in 2000), and the fifth
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20 detected in half of the cases, with the result that

the average survival time in this cancer 1s only a

few months with 4 to 6% of survivors at 5 years. The

survival median, all stages combined, is from 4 to 7

months and it increases by 15 to 18 months in patients
25 who have undergone resection.

If the tumour is not operable or exhibits metastases,
chemotherapy may be considered in informed patients in
good general condition. The response rates are of the

30 order of 15 to 30%. The medicaments used are gemcit-
abine ({(Burris et al., European dJournal of Cancer,
1997, 33:18-22), the combination gemcitabine and
oxaliplatin (Zhac et al., Chinese-German Journal of
Clinical Oncology, 2007, 6(5):461-463), and 5-

35 fluorouracil in combination with a platinum
derivative. These chemotherapies make it possible to
moderately increase the survival median of patients
with metastases, which is 4 to 6 months without
Lreatment.



In the face of the severity and very poor prognosis 10 associ ated

w th cancer of the pancreas, and the progressive increase inits

i nci dence in the popul ation of Western countries in particular, there
is areal need to propose an alternative treatnent nore effective
than those currently proposed. 15 Asparagi nase is an enzyne produced
from bacterial mcroorganisms (E coli or Erwinia chrysantheni) which
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This antimitotic agent is selective for tumour cells.

30 However, natural asparaginase induces the production of
circulating antibodies causing an increase in the
clearance of asparaginase, and allergic reactions,
scmetimes very severe (Wang B et al., Leukemia, 2003;
17 (8): 1583-1588). Moreover, the short half-life of

35 the enzyme (24 hrs) necessitates repeated injections
and hospitalizations. These major limitations led to
the development of a pegylated form, PEG-asparaginase,
which has been approved Dby the FDA for first-line
treatment of acute lymphoblastic leukaemia (LAL).



30 cells takes place via inhibition of protein synthesis. These
results were al so obtained with another enzyme, Aci netobacter

@ ut am nase Asparagi nase (AG), with better efficacy than

asparagi nase (WU MC et al., In 35 Vitroz 1982 Sep; 18(9): 750-4). The
aut hors show that this enzyne totally inhibits the cell growth of MA
Paca-2 and PANC-1 cells at a concentration of 0.0025 IUm (no effect
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25 The following year, the studies of Wu et al. confirmed
these results on MIA Paca-2 and PANC-1 cells (Wu M. et
al., Int J Cancer, 1978 22(6):728-33). Although the
mechanism is still not clear, these authors suggested
that the action of asparaginase on cancerous pancreatic

30 cells takes place via inhibition of protein synthesis.

These results were also c¢btained with another enzyme,
Acinetobacter Glutaminase Asparaginase (AGAY, with
better efficacy than asparaginase (WU MC et &al., 1In
35 Vitro, 1982 Sep; 18(9): 750-4). The authors show that
this enzyme totally inhibits the cell growth of MIA
Paca-2 and PANC-1 cells at a concentration of 0.0025
IU/ml (no effect at this concentration with



aut hors observe cell growh inhibition of 59% ( PEGaspar agi nase

al one), 63.5% (gentitabine al one) and 85. 9% ( PEG aspar agi nase and
gentitabine). 5 Conplenentary results were presented at the 2006 AACR
Congress (Supra P. et al. AACR Novenber42006). This study presents
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in 1989 (Denis LJ et al. Proc Am Assoc Cancer Res,
1999: p.23) the addition of PEG-asparaginase at 1 IU/ml
30 made it possible to inhibit cell growth by 61% (MIA
Paca-2), 100% (PANC-1) and 51% for BxPC-3 cells
incubated in the presence of 10 IU/ml PEG-asparaginase.
The ICsp of PEG-asparaginase for MIA Paca-2 and PANC-1
cells is 0.13 and 0.25 IU/ml respectively. The authors
35 also performed an experiment in vivo by implanting MIA
Paca-2 cells into nude mice. After treatment of these
mice by injection of PEG-asparaginase (12.5 IU/g or 25
IU/g per day 1i/p) for 14 days with or without
gemcitabine (80 mg/kg i/p on days 1, 4, 7 and 10), the



20 devel op a severe reaction (Mathe G Am el JL, O arysse A Recent
Results Cancer Res. 1970 (33): 279-87; Wo Md et al., Leukem a, 1998
Cct; 12(10): 1527-33; Wo MH, Hak LJ, Storm MC, Sandlund JT, Ribeiro
RC, Rivera G J Cin Oncol, 2000 Apr; 48(7): 1525-32). Various
factors 25 can explain this variability: preparations of asparagi nase
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is a co n interruption of the trea nt_(
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20 The combination of PEG-asparaginase (Cncaspar®) and
gemcitabine (Gemzar®) has an inhibitory effect on the
growth of solid tumours.

As asparaginase has been used fcr more than 30 years,

25 the undesirable effects associated with this enzyme are
well known, the main ones being certain allergies with
clinical symptoms, diabetes and pancreatitis, mental
disorders and coagulztion disorders,

30 The administration o¢f asparaginase causes hyper-
sensitivity reacticns in man. The mechanism of onset is
ccmplex and at the present time has not been completely
elucidated. Asparaginase is a direct immunogen owing to
its high molecular weight (> 100,000 Da) and 1its

35 protein nature. The hypersensitivity reactions could
derive either from an IgE~-dependent mechanism
(anaphylaxis in the classic sense), or from activation
of complement. In many patients, 1t leads to the

formation of specific antibodies. Asparaginase causes



25 wel | docunented and many cases have been reported in the
literature The overall incidence due to asparaginase in terns of
pancreatitis, for all forns conbined, including the PEG fornms, varies
from2 to 16% dependi ng on the study (Kgpoderer HM et al., Pediatr 30
Bl ood Cancer, 25 August 2006; Miller 1998, 2: 97-113; Alvarez OA et
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(Lessner gt algs,) :1988) 920 showed that these fears are perfectly
justified. On the other hand, the pegylated forns have not yet shown
that they were suitable for human clinical use for the treatnent of
cancer of th&heandcneadendbe ofsulmmurobiailrediiap treathéopsesémd are
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25 can explain this variability: rreparations of
asparaginase from different bacterial strains, use of
concomitant therapies or administration route (IV or
IM). The frequency of the reactions increases with the
number of injections in one cycle of treatment and the

30 interval between two courses of treatment (Mathé 1970).

The development of specific antibodies or of hyper-
sensitivity reactions is a common cause of interruption
of the treatment (Weco MH, Hak LJ, Storm MC, Sandlund
35 JT, Ribeiro RC, Rivera GK, J Clin ©Oncol, 2000 Apr;
18(7): 1525-32). In patients who have developed
specific antibodies, a reduction in the therapeutic
efficacy of asparaginase, manifested by a decrease in

the duration and/or the incidence of remissions and



35 efficacy (Cowen and Conpany, "Quick Take: Solide 4 Results, But
Oncaspar Solid Tunor Trial Hits A Snag", Specialty Pharmaceuticals,
February 14, 2008). 9 The encapsul ation of asparaginase in
erythrocytes in order to inprove its therapeutic index has been the
subj ect of devel opnment studies. A tolerance study on asparagi nase
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nostly suff er?%nsge]ﬂ‘vre% n(E)H- I—B%I%ﬁ%tﬁ(yr‘rvpﬂ?onégvﬁer%x%{&ffe%ecgn 9 nj*€€Ffon
of aspar agi nassnsEndapsul atredcitaoned tbepusebes ¢80 Bo 208el UskgpreThe

study dempnstyatas oan ldh@bsencenetrahh el g Cokeatld on-Lampaiedd ot he
direct injection of asparagi nhase (279 In addition, the injecgtion of

(279

aspar agi nase BRCEYSICRE eBYT iSSP PocyHIEs PEFABILESSa i tABBAPRgP he the
depl etion | asinazgricot 3@ ldonsegubtilierdgiay sredd iOnd, heehet hdrerapeutic
hand, differe I esf WA %g% A G : ur pal
of Controll egﬁuéz’f%%se,éfzom, é%?%g -AAer;’ I\K/lrdé\&/téfz}oﬁfs_l?%t aalaﬁh..l,eb%ou?nal
of Pharmacy &fPIletdrfacsdl B4§smaosdparmdqine £r3: 76 figedeeripe. t he
encapsul at i onyeafy aspanagonasetaingd®d corpuscles and the inprovenent
of the pti?r macoki netic properties of the encapsul ated enzyne in the

context of an application for |ynphoma and acute |ynphobl astic
| eukaeni a. 25 hghi Pancheagncapsongt edf f diva oftaaspar agigrse showsthhe

absence of aldgfi@iieyr et hoParadSnadN NhSEEAL1 PNLERSAPS ULt 6d hipghed
cor puscl es Ig\a?vei a certain dou % as.to &Fe conseguences at the
pancreatic | evalE, i 3 & SIPEPePAS pal'eft SOFRCAtHobR™ gERkT aF e
condi ti on or flrawi nglddeancéd spaner gatriaregantes, (mpsttheceensel thatvrt he
red corpyscl es ¢ad-dp being destroyed and |iberate their contents
into the vascular conpartnent. Likew se, its clinical efficacy has
not been denonstrated. 35 The inventors have for the first tinme
denonst r at ed Thize mekhiaaaey of akpasagidaseneneajisilsat @tiosd Bednical

| i ti t ft | . _At-th
corpuscl == | BB gtEnessyt s AT oongtal gt I

sane tinme, th rned resul rating absence
of free residddnegasparteyi AasR1Lpethns adbaraprtoagry t eptdoTaByt have

al so denpost rat edthbat fdweal pr gv@nenktiAgt hei phasdmcokiiget i ggot+1pked

with the use of thg rgd corpuscles nmakes 1t possible to use nuch
uhderstood.

Toxic pancreatitis induced by chemotherapies used in
oncology is not uncommon. That due to asparaginase is

25 well decumented and many cases have been reported in
the literature. The overall incidence due to
asparaginase in terms o¢f pancreatitis, for all forms
combined, including the PEG forms, wvaries from 2 to 16%
depending on the study (Knoderer HM et al., Pediatr

30 Blood Cancer, 25 August 2006y Miller 1998, 2: 97-113;
Alvarez CA et al., Med. Pediatr. Oncocl. 2000, 34(3):
200-5). This ©pancreatitis can be complicated by
haemorrhages and pseudo-cysts, but fatalities remain
rare. The onset of pancreatitis necessitates the

35 discontinuation of the asparaginase and the initiation
of treatment of the pancreatitis. In the 1ight of the
studies overzll, the administration of repeated and
relatively high doses of asparaginase (3000 IU to
60,000 IU/m?/dose) is a predisposing factor.



5 reduced quantities of enzynme conpared to what it woul d be necessary
to use in the free formor in the PEG form still further reducing
the pancreatic toxicity risks. The results obtained by the inventors
open the way to the use of encapsul at edg asparagi nase in the 10
treatment of cancer of the pancreas, including patients having an

advanced formof this cancer or sensitive pati ents. A first object
of the |nventf an | thuO % spensr on ol K mellC cion of Freatment
cor puscl esencaps né’ §§'p 3gPﬁa§e%s% Fredi Eameift 1 0r °tr eafi ng

pancreati c candédr as@asfeeendsebjlectthef onheti nﬁedtﬁbﬁtes ant herapeétitic
conposi tion oJf a4 caiBiindiMiensiedifor stheytreat n%@%hggl% seems

pancreatr canc mpri sing an ef fective quantit a_suspens
red cogpu g’se tﬁ’t%rﬁietﬂ rerg la’sﬁreaé’rﬁ&élgthpP%allpﬁu the }’er‘

cor puscl es arfe dailsusgenseonsiiata 25 pauagerrmmutr cafipley:gagrcepmabl end

saline soluti can, di fo ed, 50t pu

particul ar agggf t?tgplgr%ﬁaof l%lla}% prefera yrgeo %{’% p%%ésr y 1\EM tEB‘ln@

i ngredi ents SYERtEESyl Fddse, e%g L ose, Tt i anir br AhaARPE BT S On

St andard rredloastd@atcmaatbenu&ﬁd are 3IrSAmamanni tiod angeARsgkawvhigh

are SOluEbon%mgas ? QHK%%%pI Hg|%§9§%MuQ%%@|tgdmaﬁp S é%lon with
chl ori de: "Thé sol rt

i o Can contarn®a preserva |ve such as
L- carni ti ne. FRgENgsPOET ohu‘éawl%tl@tﬁl"c@?ft aits oAsubrenedt el vthweracti ve
principle(s), in particular chenmo- 35 therapeutic agent(s) i nt ended
for the treagﬁent of ncer of ancr eas, be escribed

bel ow, or actiVé&’ prLPn 5I EEsT P%t ERdet $0r S He Oﬁmé’ 6F FABeSr
synpt ons or dihsoruker sofwhésheareyl racconpany: poarcrearhcseapeecread 1iJhe

suspensi 9§ caphgekeady har ue %@g’%é‘éﬁsa hagMateekkt %‘Atﬂb@?kgbié’r

adm ni stration by injection or by rfusion wthout dilution. 5
can al so be FACREGEITEEEN? htatkcrrt 1H§s° €oN5&RF R EERY- bef or e
adm nistration by injection or by perfusion. According to the

i nvention, t'%%ehaéi?ﬁf%%ﬂ tt?&aihQJ1 man with the natural form of

asparaginase reported above (Lessner et al., 1980)

20 showed that these fears are perfectly justified. On the

other hand, the pegylated forms have not yet shown that

they were suitable for human clinical use for the

treatment of cancer of the pancreas. The results

obtained up teo the present are limited to in vitro and

25 in vivo results on mouse pancreatic tumour xenograft

models. Now, the suitability of the pegylated forms for

use In the clinical is far from being established in

view of the fact that the molecule is on the one hand

still allergenic (Mialler et al., 1998) and on the other

30 hand toxic to the pancreas (Knoderer 2006; Miiler 1998;

Alvarez 2000). Moreover, the clinical trial carried out

by Enzon Pharmacuticals, reported above, regarding the

use of Oncaspar® for the treatment of solid tumor has

been suspended since toxicity was reached before

35 efficacy (Cowen and Company, “Quick Take: Solide Q4

Results, But Oncaspar Solid Tumor Trial Hits A Snag”,
Specialty Pharmaceuticals, February 14, 2008).



10 suspension ready for use advantageously |ies between about 40 and
about 70% preferably between about 45 and about 55% and better
about 50% In the formfor dilution, the haematocrit can be 15

hi gher, in particular |ying between aboyt 60 and about 90% The
solution is preferably packaged at a volune of about 10 to about 250
m . The packafhegensapsefetattyoZ0 aspardyioedebaph obri/hRrbypees in
sui table for od_tr. io T of th uantity of
encapsul at ed ig%alfagfng@%{:ogr%r e’gl%%ngﬁﬁéggégﬁée ﬁ%gfegal apSr eﬁsg%?rilpttih(?n
i s preferabl yS\oftGH nell idgveRerBepbd stagiess Phetelrranasy sfudy on

encapsul at ed asparaginese GJ2pshl1paeti ul akd i@ ts%i@B %@?hn%%lra”d
t preferably

about 300 U r..m. of suspensi.on_ of red corpuscles,
lies betwden 1EE;)%{oeunt 9 aKﬁ:(?Vg%S%F 50 ¢ péﬁ-m .UISO‘?ACHPt HEPIEB8c T of
the invention 3%t hed5lde-6f:redZdoSpuscl Bsl eremapsupat iegtaspaoagilyase
or a suspensiQieQf-isich ri-efl Cﬁ%ﬁ“ﬁ%&%?ﬁj{Oﬁy%gﬁoﬂégpa&égé(Mﬁfvénahan

0

medi canent intended for the treatnen a“pancreatic cancer. This

use takes accothitctdr™ he Othar AEPEFFELTPREE 35 Prewanieédedor tRe red
suspensi on anbiarhedlleer dpoutbc200nMpogksy) onries smdivc a@nrihstri2ecganger,

t he hi st ghogi gal. f@r mtaken Ly ithe, cancer aggmlﬁgeél kel ihood jof ..
pancreatitis of greater or |l esser severity. e 1nvéntion rerates
in particul arIECtiPRe PlealbRBAL2BiNASDat %l?e?ﬁ) -havilng agldgtilmary tbeour
of th he pa_ncL efﬁﬁj;ecft}ibﬁ tdafelaamttal lgqfnaﬁep@tric%@tsu\lmfgtadIlgﬁalex%%&@e%ey,
with or wit t ect a atic _ganglia; - _the jreatpent
of a patient %ﬁ\?ﬁﬁgs a %gncggg?lr%g%a%ceFeﬁ%ﬁgﬂmtl?sﬁépgsta‘é%; grEhe
treat ment of S@nFECLEAVShdevdg cancer of the head of the pancreas;

the treatpsent of a patient having a pancreatic 15cancer wth ductal

adenocarCInOQ§f the other hand, different studies {(WO-A-

2006/016247; Millan C G et al., Journal of Controlled
Release, 2004, 95(1):27-49; Kravtzoff R et al., Journal
of Pharmacy and Pharmacology, 1990, 42(7):473-476)

20 describe the encapsulation of asparaginase in red
corpuscles and the improvement of the pharmacokinetic
properties of the encapsulated enzyme in the context of
an application for lymphoma and acute lymphoblastic
leukaemia.

25
While the encapsulated form of asparaginase shows the
absence of allergic reaction, its administration
encapsulated in red corpuscles leaves a certain doubt
as to the consequences at the pancreatic level, in

30 particular in patients in & poor general condition or
having advanced pancreatic cancer, in the sense that
the red corpuscles end up being destroyed and liberate
their contents into the vascular compartment. Likewise,
its clinical efficacy has not been demonstrated.

35
The inventors have for the first time demonstrated the
efficacy of asparaginase encapsulated in red corpuscles
in the mouse pancreatic tumour xenograft model. At the
same time, they have obtained results demonstrating the



the treatnment of a patient having a pancreatic cancer with nuci nous
cystadenocarci noma; the treatnment of a patient having a pancreatic
cancer with nucinous intraductal carcinoma; 20 - the treatnent of a
patient having a pancreatic carcinoma wgh aci nar adenocar ci nong;
the treatnment of a patient having a pancreatic cancer with cystic
tunmours, and grossida yoﬂysi@@lemeéaﬁ@anoaapﬁégmai& iﬂi eahgertaselilar

pati ent havi ncq) a@%&]n%l’ %atl E,h(éanCﬁl’ V\A t h tUI’TD&Ie OnSttJfahe Cl't%t %ryﬁhg
avi n r

canal s of the pancreas; ent & iIen g
of the endocrmiéfop’@ﬁ@ﬂéagﬂ 3be- phhémae@laxrr@fmca)flaaﬂq@ait ivdrhih dhtepse

partial or tojml theseet %@ustal@spmeeﬁsltl@o@sﬁgnéh% eﬁ@@dhn‘eﬂt
the invention relates to . the i ncrease of ga ient survival Hi
still further eélﬁ‘}c&?it BEHREPRY At €OF YIS §°FPB hBd FOr "PRE LFedCH:ft

of pancreati decaneesssary whbclisan &if ebei firegosiood  arsuspetrise OREGT
red corpuscl g, gncapsi pti 'fﬂQtﬁéParr%Qiu%%% Ofp O anEP%@P@Utt'o%;clﬁ ed

conposition or. medi cament ~accordi ng t invention |s adm niste
to a patient FéFirig jfesults T‘Pﬁfsalrf’@c%c}éhf cBie benEppreed oSt hehe
different formy oto5 tiee dbseas®, casapmsldesses iabedrabongse in the

Ad”‘n'Stﬁ@t' ea% %%EeﬁEegaBXekanayﬁg ?gnége nt ry ﬁ;%dl% %ﬁglFPEs

i njection and pre erf Usi 6n from a bl’oo
Admi ni strat i GRVIIESt yish céIdV?n?c@defffOé@t e?lf | b gy erOgsity ¢1ﬁt éenhétaren or

via a centralpagatheter.

A first object of the invention is thus a suspension of
15 red corpuscles encapsulating asparaginase as a
medicament for treating pancreatic cancer.

A second object of the invention is a therapeutic
composition or a medicament intended for the treatment
20 of pancreatic cancer, comprising an effective quantity
of a suspension ©¢f red corpuscles encapsulating

asparaginase.

Typically, the red corpuscles are in suspension in a
25 pharmaceutically acceptable saline solution. This can
be a standard medium for red corpuscles, in particular
a solution of NaCl (preferably 0.9%) possibly with
added ingredients such as glucose, dextrose, adenine
and/or mannitol. Standard media that can be used are
30 BSAG mannitol and ADsol which are sgoluticns based on
adenine, glucose, mannitol and sodium chloride. The
solution can further contain a preservative such as
L-carnitine. The solution can also contain one or more
other active principle(s), in particular chemo-
35 therapeutic agent(s) intended for the treatment of
cancer of the pancreas, as will be described below, or
active principle(s) intended for the treatment of the
symptoms or disorders which may accompany pancreatic

cancer.



In particular, fromabout 10 to about 250 m of suspension (one
dose), therapeutic conposition or 15 nedi canent according to the
invention is adm ni stered. Beyond 20 ml, use of perfusion is
preferred. The quantity of encapsul atedasparagi nase can in
particular |ie between about 30 and about 300 11U per ml 20 of red
corpuscle suspension. It preferably |ies between about 70 and about

150 1 U per nyNIA tyeatrent co ri ses the(gdnﬁﬂgstngtion gf ﬁne dose
ocol ™ deciféd. ®25 TR caht

or of several doses ﬁhco%afngc 0 t%% p?%ﬁ
provi de for deasedlocadii sustahie ohgr ardmmt il nat ifoor tyi ghtkegtéprnweekl y

intervals, ovgr dhgukeeamyepded: dwaldion of the treatment. This
treatnent _can consist in the adm nistration of the 30 equival ent of

20 to 500°I U of aspar agi nase per kg of body weight each tinme (each
dose). Preferkblogn falem & trackd@edUspeh kyapertdbse ks hdntinilsteded.
The present ML olndhe0: PLOVLLGS, [0l LATBLNBLI BhspRlcdorded
cor puscl es encapsul at1 ng aspar agi nase With standard chenot erapeutic
products for the treatnment of cancer of the pancreas. Thus the

conbi nati on cancdhelialf ecd edths t hngeneisapi nde Chsphat bdriOXald pl;laiéic n,
or 5- flwugroyracil _i.n_conbination w_th | atinum derivativ 14 for
exanpl e g?sp%%%'ﬁ“§%°8xd%%6$§t?§? 5 %a ?%%E%%ﬁﬁﬂas ?hel%%%bgﬁgv? Ris
ef fect ed wit HbeuthdOsasgdenbpoh, 7¢ herppeiniabloomedsieenoabont médi eadent

accordi ng to diagtl BEENt LAA. LACESF didight Gpd .second node, the
conbination 5 is a conbination by separate, concomtant or staggered

admnistration to the sane patient. Asparagi nase itself is designated
by the CAS nuimbethe90486x68-r | tts lusdah, nahkee i shasparcagiinaseanot her

commn 15  higher, in particular lying between about 60 and about
90%.

The soclution is preferably packaged at a wvolume of
about 10 to about 250 ml. The packaging is preferably
20 in a blood bag of the type suitable for a blood
transfusion. The whole of the quantity of encapsulated
asparaginase corresponding to the medical prescription

is preferably contained in the blood bag.

25 The quantity of encapsulated asparaginase can in
particular lie between about 30 and about 300 IU per ml
of suspension of red corpuscles. It preferably lies
between about 70 and about 150 IU per ml.

30 A further object of the invention is the use of red
corpuscles encapsulating asparaginase or a suspension
of such red corpuscles for the preparation of a
medicament intended for the treatment of a pancreatic
cancer. This use takes account of the characteristics
35 presented for the suspension and the therapeutic

composition or medicament.

The invention relates to the treatment of patients

whatever the stage of development of the pancreatic



10 nanmes for it are: col aspase, L-asparagi nase and L-asparagi ne

am nohydrol ase. The term asparagi nase in the sense of the present

i nvention covers asparagi hase of any origin, it can in 15 particular
be of natural or reconbinant origin, and any derivative incorporating
aspar agi nase, such as for exanple a PEG form or a fragnent retaining

the activity cQafnde-rﬁ}SlOffJHe.r’inth:[\@L't‘(ﬁo<_:3|ﬂca??=I %ﬁp\/&f}érﬁ%@lr@lﬂé nagﬁca\babﬁaer
its bacterial .ori

s, the aspara nase 2 be of th . _coli
type, in partitul gf'gﬁll}&%ﬁ’ﬁi IQ&P- I%”f:e 150 'rréﬁﬁefhr%aﬁFﬁé
type or of theewliitiyel | @ succi nogenes type. "Type" is understood to
mean that it can be obtained froma culture of the bacteriumin
question or that it can be reconbinant, in 25 other words a form of
asparaglnése’%ﬁetH%%?HBéEPeF?hﬂ¥%ﬁn%ﬂlﬂﬁftﬂfuééﬁeFPc engi neering. In a
preferred i npl enert atdeatmenge,of ta i saofeditheh&vimpi & HAPmAr{- Bulype.
30 The term asparagi ?agﬁngkggscovers aspar agi nase-1i ke substances
which in the sense 0 e ThAvention are bacterial enzynes having an
L- aspar agi ne —anitiehyeie t@setace f vat ypalBeniayw bfh ekaapl e adenopathy,
Aci net obact er glmttanb@aﬁ@tn@@@raaﬁﬂe"tafe@ (1AGAL @mphgtgét%%hgﬁ% The
technlquzg enablh ncapsul tion_of acélve rinciple
cor puscl &8 are 5%% T%% ¢ & eERNIG0 E&ﬁsaﬁegéﬁFFﬁﬁtlc
which is preferﬁ@@Chérelthsr%mﬁnﬂ|Mﬁﬂ$auasehe patents EP-A-101 341 and
EP- A- 679 15—10¥hetQr@@hﬁ@n%hgfp§r§§%héﬁ%|ﬂé¥1dgnc%ﬁ%e§r5f“khé anéble
to refer. Accordln% this technique, the primary conpartnent of
dialysis unit (Pdr ?aﬁﬁ?%r%?%ﬂy5|s bag or dialysis cartridge) is
conti nuousl y f edhwi t hraatnstisperfsi an phtiedt caipuisc) ex, waheceastide
secondar ygconpart, EE oDt akns. r’éHEH%@é%g%HEHELO” hypotonic rel ative

to the suspen5|on 0 corpuscles 1n order to |lyse the red
cor puscl es; ﬁéxﬁhelntﬁeﬁﬁ@%%ﬂlﬁﬁfuﬁ1tpaﬁh@nFe§§ﬁﬂﬂﬁg 6f PRBCFedtic
corpuscles is irdueed withheudthqressneadehoaspainghaase by

i ncreasing the t or ancotic essur e, and then_a _suspension
of red corpusclggggokfagﬁﬁ%a:asggrgglﬁgé g ot 1 ect ed. Rﬁ%ﬁﬁe he®
vari ati ons descecebedrupltly rtlmum@mtraﬁhétm% peThotbreiscri bed in

WO A- 200@601624zhewht§@amé<@cs idf pgssFQI;@eﬁ@ encansy| at epaspacagipase
in an efficient, ﬁrOdUCIb| reliable and stabl e manner, is

preferred. This ﬁﬁ? BATR bl AfstTiAfe PSPPSR fign SPages: 1 -
suspensi on of- atter pusedengel | etf | B apafensotlavicicsolut pencataaic

haemat ocri t Iev%ngégaggght 389k %}]H@lﬁréo QR pb Eibgfré&b%dé’%y‘een

+1 and +8C, - nmeasurénent o e osnotic ragl ity using a
sanpl e of red cS?ﬁEéEP%% fromthis same corpuscle pellet, it being
possi bl e260 per them stegeserlt arnd 2ai npatient having & pancreatic

cancer with tumour of the excretcory canals of the
pancreas;
— the treatment of a patient having a cancer of the
endocrine pancreas;
30 ~ the treatment of a patient after partial or total
resection of the pancreas.

In a further embodiment the invention relates fo the
increase of the patient survival.

35
& still further object of the invention is a method for
the treatment of pancreatic cancer, in which an
effective dose of a suspension of red corpuscles

encapsulating asparaginase or of a therapeutic



25 any order (including in parallel), 3 - procedure of lysis
and internalization of the asparagi nase, within a sane enclosure, at
a tenperature constantly maintai ned between +1 and +8C, conpri sing
the passage of the suspension of red cqrpuscles at a 30 haematocrit
| evel greater than or equal to 65% and of a hypotonic |lysis solution

refrigerat ed déanditiwaen blz aldi#8hehd AcebAdWs Ly iidgRntEBE h¥Si s
paraneters bei a%gust on_the, basis of .the prEVioust measur ed
osnotic frag|Q4ﬁap &ﬁ&e 5403 T bt i Yrdleddre carried out in a
second enclosure in the interior of which the tenperature |ies

between +30 apg FARGHANA-4R HBe a%b@%@ﬂc%omt}?e hyPesd faiC §(91|:r!1’§' g8.
16 "Internallzatlon I's understood to nean penetration of th

asparaglnése1#ﬁ16hﬁﬁésﬁnt@Fl8?50@G§QE99%91%98F5USCIes 5 1In
particular, for the dialysis, the corpuscle pellet is suspended in an
i sotonic sol h e I t ual
o 68% and prorenabrstabla f CFEaeEbl B Pips95gEhsts N, Shetl
suspensi on |saﬁt@rrrlladerja%wttl@nb@tﬂﬂeé?felfﬁr@ﬁﬂﬂm H@r@%ﬁ@r a%lrcgm a

bet ween +2 amd oteC, bhgplcazal lthear ourng, +%@m1ﬁ@@@&§tﬂlnt0_i_sa m@p&bgyhgr
node, th haeg%%%ngt 15?’ védoes bet. Q§ and OWb‘prefera g
bet ween he osShoti o> %Vagl |ty i% %d@aﬁfage&hs@ycﬁﬁ E%}ed

on the 15 redcaddepescl es just before the lysis stage, in the presence
or absence of asparaginase in the suspension. The red corpuscl es or

t he suspensiqn cont ai ni t hem are vant ageously at a t eratur
cl ose to or |3@enF?65FCngfhe {n e HFe zgleE?edPWQHttiﬁg%Fy§is.ogo
Accordi ng toswm@ehenoadvaDMage@Mseahara@Eeapentﬁcofcbheoénﬂemﬁioor

the measyce m%ﬁ%“ta'c%o%%g!;' kbY t&ar 1 n%@. %n S_ ra;m%x pLibjzed,
i n other wor Sis procedure is carried out short after the

sanple is ta@@wonﬁré eWéblyset?ﬁsP§4ﬂﬁ§Ho§ps§ Eé?ﬁ%éﬁe%anpllng and 25
start of IyS|s |s | ess than or equal to 30 nlnutes better still |ess

than or edualnio 25.80d.5vent0 20 L0tesy Far mmig deiai o

concer ni ng the “mantier o operating s EPFes i Ny procedure
W t h measur et ighdagl ﬂmvalheeww athméltos%%tam@ fabagitl BOY, IVheepenrkon

skilled pp the aly Wo'rbub@l@bbﬁsﬁ@néﬂrﬁr 110 MR AR200¢/ 016248etweed Ne
present |nveg%;on 2‘ a %6 tgﬁﬁfﬁi ed |nlnnre 35 detail by neans of
i mpl ement at i GF°Mddd FAReAPAS e nd-exanpl es.

A treatment comprises the administration of one dose or
of several doses according to the protocol decided.
25 This can provide for several administrations at
monthiy, fortnightly or weekly intervals, over the

recommended duration of the treatment.

This treatment can ceonsist in the administraticn of the

30 equivalent of 20 to 500 IU of asparaginase per kg of
body welght each time (each dose). Preferably, from
50 to 150 IU per kg per dose is administered.

The present invention also provides for combinations of
35 red corpuscles encapsulating asparaginase with standard
chemotherapeutic products for the treatment of cancer
of the pancreas. Thus the combination can be effected
with gemcitabine, cisplatin, oxaliplatin, or 5-

fluorouracil in combination with a platinum derivative,



17 Figures 1 and 2 are graph illustrating the cal cul ati on net hods of
the half-life of Asparagi nase or encapsul ated Asparagi nase. Fi gure
3is agraph illustrating tunmour gromh 5 inhibition as a function of
time in mce treated according to variqus protocols. Figure 4
illustrates relative tunor volune versus tinme for each group of mce
in a xenograftomosleinple cidilgurie ®n ox@lgpaphio.repr esentati andef

mouse sur vi val,d0 dogfs8achobr oAl MR QLoD gf i 6e i, & Aenogratl,

nodel . Exanple 1 encapsu ation o asparagi nase i n
murine red corPUSEHREICTROTMR g4 baPRgIPRaSEdRFareNhsepFyIOMY EUBAthe
Li nonest 15 Franef)idns ereapsiihat ed ian sudonde roeid, C%Iéu&szﬂmin(aelfén

m ce) by the t ho otoni¢c dialysis in a di
bl ood is tgent ;Elef%ggd"%% r?ot?en rhdytsoelc}aeﬁr/rai)vé t%oncofnégﬁ}é éjnd S%ﬁ‘gﬁe%ﬁghed
three times WdHng.sg¥ENACh. tTheh¢asang eatilitenits adj usted to 70%in the
presence of the 20 asparagi nase, added to a final concentration of
400 UM of red cor.puscl es or. red bl ood ceII$ %RB before starting
the dialysis 2SHiaE" glaﬁgl s 15%dt's 59 APAGFRSE g aféﬁ*ﬁ nskS anPpeRE -

buf fer of | owldsnsldaBi.t ytsTheualir narer tsl zowguscinesear e@thken cbmmeal ed
25 througd ! heyaddi tion ofca Bigh owmaLaphLy, Sohubign,and,ocubahing
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the red corpuscles are adjusted to haematocrit 50% The red 30
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average cor pggeapae vel uRBG( ACYM, aver age corgurectl arehiaémbgyobtine
concentrati o tAGHE), okotalspacspglohi N congent rakiel akfaraginase

whatever its bacterial origin. Thus, the asparaginase

20 may be of the E. coli type, in particular E. coli HAP-
A-1-3, of the Erwinia chrysanthemi type or of the
Wolinella succinogenes type. “Type” is understood to
mean that it can be obtained from a culture of the
bacterium in gquestion or that it can be recombinant, in

25 other words a form of asparaginase of that bacterium
obtained by genetic engineering. In a preferred
implementation mode, it is of the E. coli HAP-A-1-3
tyvpe.

30 The term asparaginase also covers asparaginase-like
substances which in the sense of the invention are
bacterial enzymes having an L-asparagine aminchydrolase
activity. By way of example, Acinetobacter glutaminase
asparaginase (AGA) may be cited.

35
The techniques enabling the encapsulation of active
principles in red corpuscles are known and the basic
technigue by lysis-resealing, which is preferred here,
is described in the patents EP-A-101 341 and EP-A-679



cell count. 5 Aliquots of the cell suspensions are w thdrawn before
and after the hypotonic dialysis for neasurenent of the

L- aspar agi nase enzyne activity. The estimtion of the L-asparagi nase
was performed according to the protocol;{s10 published in: O sonneau et
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Among the wvariations described up to the present, the
15 method described in WO-A-2006/016247, which makes it
possible to encapsulate asparaginase in an efficient,
reproducible, reliable and stable manner, is preferred.
This method comprises the following stages:
1 - suspension of a corpuscle pellet in an
20 isotonic solution at a haematocrit level greater than
or equal to 65%, refrigeration between +1 and +8°C,

2 - measurement of the osmotic fragility using a
sample of red corpuscles from this same corpuscle
pellet, it being possible to perform stages 1 and 2 in

25 any order ({(including in parallel),

3 - procedure of lysis and internalization of the
asparaginase, within a same enclosure, at a temperature
constantly maintained between +1 and +8°C, comprising
the passage of the suspension of red corpuscles at a

30 haematocrit level greater than or equal to 65% and of a
hypotonic lysis solution refrigerated to between +1 and
+8°C in a dialysis cartridge, the lysis parameters
being adjusted on the basis of the previously measured
osmotic fragility; and

35 4 - a resealing prccedure carried ocut in a second
enclosure in the interior of which the temperature lies
between +30 and +40°C, and in the ©presence of a
hypertonic solution.



(%9 half-life (days) survival at 24 Firs (% half-life (days) L-Aspa
RBC - 57.9 2.5 12.39 0.74 CFSE-L-Aspa RBC 80.7 0.7 16.52 3.13
76.7 1.4 12.20 1.38 CFSE RBC
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“Internalization” is understocd to mean penetration of
the asparaginase into the interior of the red

corpuscles.

5 In particular, for the dialysis, the corpuscle pellet
is suspended in an isotonic solution &t a high
haematocrit level, greater than cr equal to 65%, and
preferably greater than or equal to 70%, and this
suspension 1is refrigerated to between +1 and +8°C,

10 preferably between +2 and +6°C, typically around +4°C.
According tc a particular mode, the haematocrit level
lies bhetween ©5 and 80%, preferably between 70 and 80%.

The osmotic fragility is advantageously measured on the
15 red corpuscles Jjust before the 1lysis stage, in the
presence or zbsence o¢f asparaginase in the suspension.
The red ceorpuscles c¢r the suspension containing them
are advantageously at a temperature close toc or
icdentical to the temperature selected for the lysis.
20 According to another advantageous characteristic of the
invention, the measurement of osmotic fragility carried
out 1is rapidly utilized, in other words the lysis
procedure 1is carried out shortly after the sample is
taken. Preferably, this time lapse between sampling and
25 start of 1lysis is less than or equal to 30 minutes,
better still less than or equal to 25 and even to 20

minutes.

For more details concerning the manner of operating the

30 1lysis-resealing prrocedure, with measurement and
allowance for the osmotic fragility, the person skilled
in the art will be able to refer to WO-2-2006/016247.

The present invention will now be described in more
35 detail by means of implementation modes taken as non-

limiting examples.



92.7 2.6 15.833.31 - The half-life was calculated as follow :

The intercept point obtained fromthe plot equation is 5 divided by
two. Then the correspondi ng value of the abscissa is cal cul ated tanks
to the plot. An exanple of the calculatjpon is shown on figure 1,
wherein the calculated intercept point Is 2,8461. Half of the
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figure 1) t headwadfditigmzof sarbog2)pHo 08D 1.8, 3 days. Table 2:
Measurement of; 468l dpal, L;ASRAA0INASR 158 AGhY! Lh1fRea LUOGL Q0ngf
time for L-As C an ree L-asparagdi na
or each group of mice in a xenograft model.
Figure 5 is a graphic representation of mouse survival

10 for each treatment group of mice in a xenograft model.

Example 1: Method for encapsulation of L-asparaginase

in murine red corpuscles

The L-asparaginase  (Kidrolase®, OPI-EUSA Limonest
15 France) is encapsulated in murine red corpuscles (OF1
mice) by the method of hypotonic dialysis in a dialysis
bag. The blood is centrifuged beforehand to remove the
plasma, and then washed three times with 0.9% NaCl. The
haemateocrit is adjusted to 70% in the presence of the
20 asparaginase, added to a final concentration of
400 IU/ml of red corpuscles or red blood cells (RBC)
before starting the dialysis. The dialysis lasts 590
minutes at 4°C against a lysis buffer of low
osmolarity. The murine red corpuscles are then resealed
25 through the addition of a high osmolarity soluticn and
incubating 30 minutes at 37°C. After two washings with
0.9% NaCl and one washing with Sag-mannitol
supplemented with bovine serum albumin BSA (6%), the
red corpuscles are adjusted to haematocrit 50%. The red
30 corpuscles encapsulating the L-asparaginase are called
L-Aspa RBC. The encapsulaticn generates L-Aspa RBC at a
concentration of 40 IU of asparaginase/ml of RC at 50%

haematocrit.

35 During the encapsulation procedure, the whole blocod,
the washed RBC, the RBC mixed with the L-asparaginase
(before dialysis) and the RBC lcaded with L-
asparaginase (after dialysis) are tested for:

— haematocrit (HL)



Time 15 min 24 hr 3d 9d 14d 20d residual asparagi nase activity (%
L- Aspa RBC 100 57.1 46.9 39.8 24.9 10.6 Free L-Aspa

10

15

20

25

30

35

18

— average corpuscular volume (ACV)

— average corpuscular haemoglcbin concentration {ACHC)
— total haemoglobin concentration and

— cell count.

Aliquots of the cell suspensions are withdrawn before
and after the hypotonic dialysis for measurement of the
L-asparaginase enzyme activity. The estimation of the
L-asparaginase was performed according to the protocol
published in: Orsonneau et al., “Dosage automatique en
cinétique de 1l7activité L-Asparaginase plasmatique en
suivi thérapeutique des leucémies aiglies
lymphoblastigques”, Ann Biol Clin, 62: 568-572.

Example 2: Determination of the pharmacokinetic and

pharmacodynamic parameters of L-Aspa RBC in the mouse

Murine L-Aspa RBC were injected into OFl1 mice so as to
determine the half-life of the L-Aspa RBC in
circulation in the mouse and <to demonstrate the
depletion of
L-zsparagine in mouse plasma. A single dose of
200 IU/kg was injected into each mouse Dby the

intravenous route.

The half-life of the L-Aspa RBC is 12.3% £ 0.74 days
(calculation based on the activity of the enzyme}. When
the half-life of the murine L-Aspa RBC is calculated
via c¢ell labelling (CFSE-L-Aspa RBC), the wvalue is
l6.52 £ 3.13 days, and 15.83 % 3.31 days for RBC simply
labelled with CFDA-SE (CFSE RBC).

The depletion of plasma L-asparagine 1is total (<
2 M), and is obtained 15 minutes after injection of
the L-Aspa RBC and persists for at least 20 days.

Table 1: Pharmacokinetic data obtained for L-Aspa RBC
and for murine RBC labelled with CFDA-SE (CEFSE RBC)



100 3.3 000 O 20 Furthernore, estimation of the circul ating

pl asma L- aspar agi nase shows that beyond 24 hours after the injection
of the L-Aspa RBC into mce, the values 5 obtained are at the assay
detection limt (between 1 and 3 U litre). Exanple 3: G owh
tumours in response 10 the nouse The purpose of this into mce
beari ng observe a tunour i nhi bition of human pancreatic to an

I nj ection off C=Aspa RBC[INn B | asparesinase
survival at 24 hrs half-lifa survival at 24 hos half-life
(%) (days) (%) (days)
L-Aspa RBC - - 57925 12,39 + 0.74
CFSE-L-Aspa 80.7 £ 0.7 1652 +3.13 76.7 + 1.4 12.20 + 1.38
RBC
CFSE RBC 92.7+2.6 15.83 £3.31 - -

The half-1ife was calculated as follow
The intercept point obtained from the plet eguation is
S divided by

abscissa is

two. Then the corresponding value of the
calculated tanks to the plot.
An example of the calculation is shown on figure 1,

wherein the calculated intercept point is 2,8461.

Half of the intercept point 1,42
10 Calculation of the corresponding value of the
abscissa 1.42 = (-0,1145 * X) + 2.8
X = (l1.42 - 2.8) / -0.1145 = -1.38/-0.1145 = 12 days.
More real half-time could be calculated with a second
15 method wherein the ordinate sale is a logarithm scale
and the abscissa scale is a linear scale as shown on
figure 2.
The half-time is calculated as fcllow
Ln(2)/plot coefficient of the curve.
20 In the example of figure 2 (which igs the same example
as in figure 1) the half-time is:
In(2)/0,083 = 8,3 days.
Table 23 Measurement of residual L-asparaginase
25 activity as a function of time for L-Aspa RBC and free

L-asparaginase

Time
15 min 24 hr 3d 9d 14d 20d residual
L-Aspa 100 57.1 46.9 39.8 249 10.6 agparaginase
RBC activity (%)
Free L-Aspa 100 3.3 0 0 0 0




experiment is to inject L-Aspa RBC human pancreatic tumours and to

growm h inhibition. Acell line sensitive to L-asparagi nase in
vitro, and deficient in 15 L-asparagi ne synthase, was selected: Ma
PaCa-2. To study the tunour growth inhidmtion after the injection of
L- Aspa RBC, an in vivo protocol was set up with 4 groups of 12 mice.
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tumours in response to an injection of L-Aspa RBC in

10 the mouse
The purpose of this experiment is to inject L-Aspa RBC
into mice bearing human pancreatic tumours and to
observe a tumour growth inhibition. 2 c¢cell 1line
sensitive to L-asparaginase in vitro, and deficient in

15 L-asparagine synthase, was selected: Mia PaCa-2.

To study the tumour growth inhibition after the
injection of L-Aspa RBC, an in vivo protocol was set up
with 4 groups of 12 mice. A reference treatment for
20 cancer of the pancreas, gemcitabine, is included in the

protoccl.

Preparation of test substances and controls

Test substance 1: L-asparaginase loaded into murine red

25 corpuscles (called L-Aspa RBC). The procedure for the
preparation of the L-Aspa RBC is described above (see
Example 1).

Test substance 2: Gemcitabine

30
Control substance 2: PBS (gemcitabine uptake buffer)

Culturing of the Mia PaCa-2 cells

Human  pancreatic tumour cells (Mia PaCa-2) in
35 exponential growth phase (origin ATCC: American Type
Culture Collection) were subjected to tryptic
digestion, then counted and washed before finally being

resuspended in a DMEM serum-free medium in order for



21 themto be injected subcutaneously into 48 athym ¢ nude/ nude ni ce.
Animals 5 The 48 at hym c nude/ nude (nude bal b/c) mce, aged 5-6
weeks and between 18 and 22 g in weight, were supplied by Harlan
(France). The animals were kept for 7 days in a specialized SPF
(speci fic-pathogen-free) unit before the treatnment. 10 The 48 m ce

were divided taeorioy bat oirgrioups sabclPanéeesly int\Whengt he-Hywmeur

vol une reachegh; 296, B nsthe m ce were 15 subjected to injections of:
single injection %% L- K?pa RBC (200 I U kg) by the intravenous route

in a volume not to exceed 10 nl/kg four injections of gentitabine
(60 ng/ kg) byAtimaliqtravenous route. 20 Plannlng of treatnents The

ce were given PBS
Boup 5 Ehelifods 1eentl: [oRbgtPhrac fiRad phis ) °RulE o 8°R
weeks and between 18 and 22 g in weight, were supplied
by Harlan (France). The animals were kept for 7 days in
a specialized SPF (specific-pathogen-free) unit before
the treatment.
10
The 48 mice were divided randomly into 4 groups c¢i 12

mice.

When the tumour volume reached 200 mm®, the mice were

15 subjected to injections of:
— single injection of L-Aspa RBC (200 IU/kg) by the
intravencus route in a volume not to exceed 10 ml/kg
— four injections of gemcitabine (60 mg/kg) by the

intravenous route.

20
Planning of treatments
The planning was organized as follows:
— Group 1: the mice were given PBS
— Group 2: the mice were given 4 injections of
25 gemcitabine (60 mg/kg), 2 injections per week for 2
weeks
— Group 3: the mice were given a single injection of
L-Aspa RBC and 4 injections of gemcitabine (60
mg/kg), 2 injections per week for 2 weeks
30 - Group 4: the mice were given a single injection of
I-Aspa RBC.
The injection of the different products was effected
blind.
35

Measurement of the tumours was effected regularly
(every 3 to 4 days) for 57 days.



25genti tabi ne (60 ng/kg), 2 injections per week for 2 weeks Goup 3:
the mce were given a single injection of L-Aspa RBC and 4 injections
of gentitabine (60 ng/kg), 2 injections per week for 2 weeks 30 -
Goup 4. the mice were given a single igyjection of L-Aspa RBC. The
injection of the different products was effected blind. 35 22
Results Figutes3dss a graph show ng the tunour growth inhibition in

the different_groups as a function of tinme., 5 The two control groups
(1 and 2) showqgrlér | at tUhouf gPeGP frsglr%wén?o fg‘§8 8§V ms % c‘j’t%SSS
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effect of the ypdi canent on the growh 10 of the pancreatic tunours
in the nouse (injection at a tunour volune of 196 57 mmB and, at 57
days, 1353 1016 mmM). In contrast, the injections of L-Aspa RBC in
conbi nati on vitteh gesctbabioe ganspder@blandg etiar dhbhe rbydEE gLewWLE:
this treatne i pLected e, 1l unmur r 0 and
after 57 days rtoﬁgc%t u%ocﬁ[(r[: @olt\lgshrreefqésg]4j§4%3%lg&rm%n\c§rr%a5r%gdité%%gggnm
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Finally, the denftsparBBe (OF Qired: ase hé | heiDEen&id eshi vRef GholupoUr
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inj ectiofat A t UKDV Coft 63 546 "miBSt FP8SFedtResConPy 2852
225 nmB af t ertBPuday luTiee afuri e + edl7 conpusmd esaentapsayal i 1§53 =

L- asparagi Nnas®i1¢ mm’y. In contrast, the injections of L-Aspa RBC in
combination with gemcitabine considerably retard the
tumour growth: this treatment was injected when the

15 tumours were 190 = 43 mm® and after 57 days the tumour
volume is 494 + 719 mm® compared to 1353 + 1016 mm® for
the mice in group 2 treated only with gemcitabine.
Finally, the L-Aspa RBC (group 4) are still more
effective for tumour growth dinhibition than in

20 combination with gemcitabine since after injection at a

3

tumour volume of 193 * 46 mm’ this reaches only 285 =+

225 mm’ after 57 days.

The murine red corpuscles encapsulating L-asparaginase
25 (L-Aspa RBC}) were the most effective treatment in
retarding the growth of the human pancreatic tumours
implanted in the mouse. Surprisingly, the L-Aspa RRBC
alone are more effective for tumour growth inhibition

than in combination with gemcitabine.

30
Example 4: In vivo anti-tumoral study of L-asparaginase
encapsulated in red Dblood cell in mice bearing
pancreatic tumor PANC-1

35 The objective of this study was to assess the

antitumeral effects of L-asparaginase encapsulated in
red blocd cells (L-aspa RBC) administered in a human

pancreatic tumor (PANC-1) xencgraft model.



25 (L-Aspa RBC) were the nost effective treatnent in retarding the
grow h of the human pancreatic tunmours inplanted in the nouse.
Surprisingly, the L-Aspa RBC al one are nore effective for tunour
growth inhibition than in conbination wi4h gentitabine. 30 Exanple 4:
In vivo anti-tunoral study of L-asparagi nase encapsulated in red

bl ood cel | in nic&Méarli i paneweai | parerdrt FANG 1L 35The, objestitve of

this study was.J0 383€%% tLEEF?§E%%9@5@ Pﬁf@:ﬁ Sogudty a%p%rr%glggag%

encapsul ated 1 n red bl ood aspa RBO) m ni st'éred human
pancreatic tLﬂrﬁ)rmﬂ(WN@QE)lmo@iidfetr rﬁ'mdieéparaginase enléAnsi@ulai:sdaln

human pancre line,.ny ensi t veto - aragi nase.. _In
this study, ?éga(r:og%bd € ls’ ce® érn](iaé(’:lgcl \S;)eg‘% k efe rlzfsepa a%ﬁ1 A in
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5 pancreatic Sa cer g t|on of both agents . or control jtem A
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gr oup. Pl’epal’taidaﬂzﬁhe@lfc the w3§tu@m LONIrdit gasup0 Test item 1:
L- aspar agi nase encapsul ated into nurine red blood cells (L-aspa RBC).
Manuf act ure procedure of L-aspa RBC was conducted as described in
exanpl e 1. Testepatramidn génthé abdate {dermeart@olEliteksl |y and 15
Conpany) b’bnt rol item PBS (saline solution) Panc-1 cell line culture
20A Log-é owi ng cul ture of human pancreatic tunor

Test item 1: L-asparaginase encapsulated intc murine

red blood cells (L-aspa RBC). Manufacture procedure of

L-aspa RBC was conducted as described in example 1.

Test item 2: gemcitabine (Gemzar®, EIi Lilly and
15 Company)

Control item: PBS (saline scolution)

Panc-1 cell line culture

20 A Log-growing culture of human pancreatic tumor
cells, PANC-1 (obtained from ECCAC, UK), was subcloned
and the clone no.6sC was selected based on its growth
capacity and sensitivity to asparaginase.

Clone n°6sC was trypsinized, counted, washed and

25 resuspended in serum-free DMEM medium for sub-cutaneous

injecticn to 100 nu/nu athymic mice.
Animals

30 Hundred athymic Nude mice of 5 week-old, weighing
20g +/- 3g were supplied by Harlan France. The animals
underwent an acclimatization period of 12 days and were
maintained in SPF (specific pathogen-free) conditions
and continuously controlled conditions c¢f temperature,

35  humidity, photcoperiod and air exchange,



cells, PANC-1 (obtained from ECCAC, UK), was subcl oned and the cl one
no. 6sC was sel ected based on its growh capacity and sensitivity to
aspar agi nase. Cl one n6sC was trypsini zed, counted, washed and
25 resuspended in serumfree DVEM nedi ym for sub-cutaneous injection
to 100 nu/nu athym c mce. Animals 30Hundred athym c Nude mce of 5
week- ol d, wei ghi ng @y d43¥s 3L VREF ec8lpplinedabjaFHaghan tFnanceolhes

ani mal's underyent AL AGGld MRt zeghpéapsébggdﬁg 1@od§¥§eagﬂdwe%lan

mai ntai ned in SPF (specific pathogen-free) conditions an
cont i nuousl y Wt Fal¢ekeicehdi Thbrsy of ivenpecat wigh 35 humpdi tplume

photoperiod angd, Al 1.1 @XChaNnge. o2 35 micaF QU daY after€§§§:n86%8w

|rrpl antation, tumor vol unes weré reasured and ran

size and medite wasdcahcuteateed inFhudey finvethecestwidyh a70 umoircevobune
above the rreﬁ: an a}nd 35 mce with a tunor volune below 5 the nmedi an
wer e include he study (70 mce in total). These ani mal s
were random y assrrgaed BNt Mads gRotPSrafdddl i s iamedl igkeup efobfs
m ce follow ngJE greest abl i shed random zation table. Mce received:

10- a single 9~ ARGE idK of ETX88Ba HBCLY 266 CFUIRHLOERE VAl Bie- of

admi ni strati cawst\ewlesnea gELAbR] 24 hiddh a:afﬂl/ekgMQF:eOBQCéf\'ﬂécﬁ‘ of the
ani mal ' s_hl ood vol une. 4 i.v. injections of gentitabine

(80 muy/kgf 15- 4 . \B iSIPEEI ohsYof PHSCHIEA nBAt Lrdfseful &BC (200
Goup 1: nice recei vRgyid)i.n el i 9BsuRE BBS LXRIY: 403 tdR¥S were not

greater than 8 ml/kg or one tenth of the
animal’s blood volume.
- 4 i.v. injections of gemcitabine (80 mg/kqg)

15 - 4 i.v. injections of PBRS
Treatment schedule

- Group 1l: mice received 4 injections of PBS every
20 3 days
- Group 2: mice received 4 injections of
gemcitabine every 3 days
- Group 3: mice received a single injection of L-
aspa RBC and 4 injections of gemcitabine every 3
25 days
- Group 4: mice received a single injection of L-
aspa RBC
- Group 5: no treatment
Tumor measurements were recorded 3 times a week

30 (on Mondays, Wednesday and Friday) during 43 days.
Results

Figure 4 illustrates relative tumor volume versus

35 time for each group. The relative tumor volume 1is



G oup 2:mce received 4 injections of gentitabine every 3 days

Goup 3: mce received a single injection of Laspa RBC and 4

i njections of gentitabine every 3 25days Goup 4: mce received a
single injection of Laspa RBC G oup 5500 treatnent Tunor
measurenments were recorded 3 tines a week 30(on_Mndays, Wdnesday
and Friday) daigiyafsdddys diRdsiirgs thes tugarcyjbated By @i ¢idPngdeie

tumor VOl UTE 2 endll e dayo find N JHAPT Al TR DEL AL R, hGeRLERRL 5

avoi ding the bias due to statistica fference in tunor-v
bet ween groupiiconte hetdaysbicdhjetiforendFi fur euntoshowd unhabettheen

relative tum(:;g:m\{1 e Lt ggygggcﬂsqaé)%% and L-aspa RBC conbined with
ou 0

genti t abi ne S increased” nore ynt'han in the PBS group (51.8
17.1 ; 4653 29.7Fagdrg54l si3pks0 @tatdayhel3reesipeot | vehy) . vbluhs in

noteworthy that the 10.conbination, treatnent t S to be nore .
effective onr]ia}lt?rmr gge?nS\Mgﬁ A% bit1%n ﬁﬁ&ﬁpaem:?ggbi n%ongﬂlgﬁéi. with
Thi s represenjeatdianbinghldghirs thecwefddencycnd a1skngl ehiafj ect i eReOf
L-aspa RBC as_the rel at i(#e tu"gfl vol upe was found to _increase nore

slowly than iFPXHE°Y8 dont Pof gf obip’ (498 BZL vérsud>75. £ 331002kt

day 43). day gure S-dgpetdiaphh ¢ represent abiagoefnfousgasUr vhyal
for each treatnent group. Treatnent with L- 20 aspa RBC or

genti t abitRe HABRENRE:-ENNOtr FEMESt t FRAPBECashE h&ogeapisiafddiey on

overlap enti rgh{ gob%tROYBRIL 1R G5, eI Befcl Rab e 9£TId abi ne group,
33% for nmouse of Laspa RBC group and 13%percent of the mce renai ned
in the PBS group dRhigdayegzpsencffepenbaeghbégvesn tgeonsfsizecwerd nat

statistical |l y;si.gnific i’ er. S ur.Vi v, I
i mproved by the ggon‘oll }{lit%r?ﬁg:‘/@ée%c? aétJ)i ﬁgéwia;éh -ea\é\%%l%‘é% G%H/gl of
mce still aliotamat wiasy Z@)ndindot hecdedfer mnce wdswigundato be the

SigﬂifiC?gt ﬁ%rgi)@ﬁkgﬁ§OY$§13ggggiﬁa%%@%ugonﬂiquiM%EhOLEQFDan
43) .

Figure 5 1is & graphic representation of mouse

survival for each treatment group. Treatment with IL-

20 aspa RBC or gemcitabine alone were not better than PRS
as the graphs nearly overlap entirely (only 20% of mice
remained in the gemcitabine group, 33% for mouse of L-
aspa RBC group and 13% percent of the mice remained in

the PBS group at day 43). Differences between groups

25 were not statistically significant. However, mouse
survival was greatly improved by the combination of
gemcitabine with L-aspa RBC (60% of mice still alive at

day 43) and the difference was found to be significant
(p<0.01). Morxeover, gemcitabine combined with L-aspa

30 RBC compared to gemcitabine alone gave a statistically

significant improvement in mouse survival (p<0.05).

These  results indicate that a single i.v.
injection of L-aspa RBC inhibited tumor growth in mice

35 Dbearing human pancreatic cell line, and that



30 RBC conpared to gentitabine alone gave a statistically significant

i nprovenent in nouse survival (p<0.05). These results
indicate that a single i.v. injection of L-aspa RBC inhibited tunor
growh in mce 35 bearing human pancreatsic cellline,and that 26

gentitabine treatnment is enhanced by the presence of Laspa RBC_ This
statement i s EHpPIAReAChY FERBIBRS 1 AIRTGSh ) T Endr S§RBRENOE L~
observed compaikd hgct.herméﬁerstgrt@hmtanpst&%p%b%@atlw_s e best
surviving animals 5 at the end of the studg. 7 The clains 1. A

t her apeuti ¢ coWpdditiioan of FEAPEarEfwithenbssedrd ocomparededtarehpe of
pancreatic c J e 1L di L conpe | a
tapensi on of 757 chrpiacl Ba ereapBal e f 10 a5par ag: naca: "5, Thga®s
conposi ti ébn @&t rebgi eadenf Boeosdidyy to claim 1, for the increase of
the patient survival. 3. The conposition or nedi canent according to
claiml or 2, in a ready for use form 4. The conposition or

medi canent according to Claiml or 2, ina formfor dilution before
use. 5. The conposition or nedicament according to Claim4, wherein
the haematocrit before dilution Iies between 60 and 90% 6. The
conposition or nedi canent according to any one of Clains 1 to 5,
wherein the haematocrit of the suspension ready for use |lies between
40 and 70% 7. The conposition or nmedi canent according to Caim6,
wherein the haematocrit of the suspension ready for use |lies between
45 and 55%



8. The conposition or nedi cament according to Caim6, wherein the
haematocrit of the suspension ready for use is 50% 9. The
conposition or nedi canent according to any one of clains 1 to 8,
cont ai ni ng between 30 and 300 I D of asparagi nase per m. 28 10. The
conposition or nedi canent according to Ztaim9, containing between 70
and 150 IU of asparagi nase per m . 11. The conposition or nedi canent
according to any one of clains 1 to 10, further containing a

chenntheraaﬁjth a%ﬁ 12. The conposition or medi canent according
claim11, erein e chenntherapeutlc agent is selected fromthe

group consi sting of gentltablne C|splat|n oxal i pl ati ne and

conbi nation of 5-f hugnouragi ‘Mtébﬁb¢§ “”&9951$§E5¥%nt Ben NSsed

conposition or nedlcanent accordln o2 Cwhérein
5-fl uor our A9 i n EEMHIHRILY orPﬁM tma%@fﬂadnmurﬁmqmat i whee redine c t ek

fromthe greaposansostifg @ledsicspbati nediptieadl i Bl alidbensidn T@@ red
conp05|t|on Qr gacanent accordlnglto any one of clains 1 to

wher ei n t he “AEpaF PnBREP RS A A% GPRASBILRRTFF E. col i HAP- A- 1- 3. 15.

Use of a suspension of red corpuscles encapsul ating asparagi nase for

the manufagture of tge MedhE89EN orf 08y tAE:F LA A RARCRAG im 1,

cancer.
for the increase of the patient survival.

3. The composition or medicament according to claim 1

or 2, in a ready for use form.

4. The composition or medicament according to Claim 1
or 2, in a form for dilution before use.

5. The composition or medicament according to Claim 4,
wherein the haematocrit before dilution lies between 60 and
90%.

6. The composition or medicament according to any one
of Claims 1 to 5, wherein the haematocrit of the suspension
ready for use lies between 40 and 70%.

7. The composition or medicament according to Claim 6,
wherein the haematocrit of the suspension ready for use lies
between 45 and 55%.

8. The composition or medicament according to Claim 6,
wherein the haematocrit of the suspension ready for use is
50%.

9. The composition or medicament according to any one
of claims 1 to 8, containing between 30 and 300 IU of

asparaginase per ml.
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10. The composition or medicament according to claim 9,
containing between 70 and 150 IU of asparaginase per ml.

11. The composition or medicament according to any one
of claims 1 to 10, further containing a chemotherapeutic

agent.

12. The composition or medicament according claim 11,
wherein the chemotherapeutic agent is selected from the
group consisting of gemcitabine, cisplatin, oxaliplatine and
combination of 5-fluorcuracil with a platinum derivative.

13. The compesition or medicament according claim 12,
wherein the 5-fluorouracil is in combination with a platinum

derivative selected from the group consisting of cisplatin

and oxaliplatin.

14. The composition or medicament according to any one
of claims 1 to 13, wherein the asparaginase is asparaginase

from E. coli HAP-2-1-3.

15. Use of a suspension of red corpuscles encapsulating
asparaginase for the manufacture of a medicament for the

treatment of pancreatic cancer.



