MEDI CAMENT FOR THE TREATMENT OF CANCER OF THE PANCREAS The present
invention relates to the therapeutic treatnent of pancreatic cancer. It
concer ns wo 2p@vdsiszal ar a novel conposition for the trearoemr2ebotd2ss cancer
and an associ ated therapeutic treatnent method. Cancer of the pancreas is

t he sixth nost common cause of death due to cancer in France (7181 deaths
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Chenntherapi§§ag§§ei%tYB£§Sé£%§méothe fourth most common cause of
death in man. In France its incidence is from 5 to

15 10/100,000 inhabitants per vyear and 1s increasing
slightly (1 to 2%) every year. It represents 7% of the
cancers of the digestive system and affects men (60%)
more often than women (40%). Since the diagnosis is
often made at the advanced stage, metastases are

20 detected in half of the cases, with the result that
the average survival time in +this cancer 1is 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 Journal of Cancer,
1997, 33:18-22), the combination gemcitabine and
oxaliplatin (Zhao 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 1is 4 to 6 months without

treatment.



noderately increase the survival nedian of patients with netastases, which
is 4to 6 nonths without treatnment .In spite of the progress recorded with
novel chewothevmpsses, the prognosis for cancer of the pantmramsnesmed ns very
poor. Even in patients operated for curative purposes, the survival rate is
only about 20% at 5 years, owing to |local and netastatic relapses . In the
face of the severity and very poor prognosis associated with cancer of the
pancreas, and the progressive increase in its incidence in the popul ation
of Western count EPésSi n phrtitéd arPTPHERESI s ZEFeAficReed ittd propyse an
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Asparaginase 1is an enzyme produced from Dbacterial
microorganisms (E. coli or Erwinia chrysanthemi) which
has been used for about thirty years in anti-leukaemia
chemotherapy. This enzyme hydrolyses and depletes
20 asparagine, an amino acid essential for the production
of the proteins necessary for <cell 1life. Now, in
contrast to normal cells, certain cancerous lympho-
blastic cells do not have the capacity to produce their
asparagine themselves and are dependent on extra-
25 cellular sources for the synthesis of their proteins.
Treatment with asparaginase deprives them of this
essential constituent and thus leads to their death.

This antimitotic agent is selective for tumour cells.

30 However, natural asparaginase induces the production of
circulating antibodies causing an increase 1in the
clearance of asparaginase, and allergic reactions,
sometimes very gevere (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 by the FDA for first-line

treatment of acute lymphoblastic leukaemia (LAL).



the enzyne (24 hrs) necessitates repeated injections and hospitalizations.
These major limtations led to the devel opnent of a pegylated form

PEG- asparwgi2o@aos3nhi ch has been approved by the FDA f orcCirigpao8los8289
treatment of acute |ynphoblastic Ieukaegi a (LAL) .In the 1980s, various
authors studied the effects of in vitro asparagi nase on human pancreatic
cancer cell lines . The first evidence of an effect of asparagi nase on a
human pancreatic cancer cell |line (MA Paca-2) was described in 1977 par
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ACinetObaCtgﬁaf%Utﬁwgﬁ@ﬁe #?P@ragéfﬁsedéﬁg%o atij%ncentrations of
0.5 and 1 IU/ml.
15
The authors also show that this effect is specific to
pancreatic cells since asparaginase (used at a
concentration of 1 1IU/ml) has an effect on another
cancerous pancreatic 1line (PANC-1). But no effect of
20 asparaginase on the growth of human pulmonary and
melanoma cells is observed. The authors did not
determine the mechanism of the sensitivity of the MIA

Paca-2 cells to asparaginase.

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 obtained with another enzyme,
Acinetobacter Glutaminase Asparaginase (AGA), 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



better efficacy than asparaginase (WU MC et al ., In Vitro, 1982 Sep;
18(9): 750-4). The authors show that this enzyne totally inhibits the cell
growt h ofwbl2dodRmess72 and PANC-1 cells at a concentrati orCofEP008028289 U/ m
(no effect at this concentration w thasparaginase) and that this activity
al so takes place via the glutam nase activity of the enzyne. In 1977
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15 1361). E. coli asparaginase was injected IV at 1000
IU/kg/day 1into ten patients suffering from inoperable
pancreatic cancer. Serious side-effects appeared
rapidly. The treatment was therefore stopped early.

Thus the only clinical trial performed concluded that

20 asparaginase had no therapeutic interest in the case of

pancreatic cancer.

More recently, a recovery of interest has Dbeen seen
with studies relating to pegylated forms of

25 asparaginase.

In a preclinical study presented at the AACR Congress
in 1999 (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 ICsy 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



incubated in the presence of 10 |U m PEG asparagi nase. The | C50 of

PEG aspar agi nase for M A Paca-2 and PANC-1 cells is 0.13 and 0.25 11U
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Conpl enent args r%u{pm ﬂEH ehl 42006 AMACR Congress (Supra P .
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eval uati on of PEG aspar agl nase (Oncaspar(r), Enzon Pharmaceuticals) for the
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PEG-asparaginase was determlned. on xenografts of MIA

15 Paca-2 cells (2.5 x 10° cells) implanted into mice.
Thus one treatment with PEG-asparaginase (0.8 kIU/kg)
makes it possible to decrease the tumour volume by 14%,
gemcitabine (80 mg/kg) enables a decrease of 29% and
the combination of the two enables a decrease of 48%.

20 The combination of PEG-asparaginase (Oncaspar®) and
gemcitabine (Gemzar®) has an inhibitory effect on the

growth of solid tumours.

As asparaginase has been used for 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 coagulation disorders.

30 The administration of asparaginase causes hyper-
sensitivity reactions in man. The mechanism of onset is
complex 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 its

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, it leads to the

formation of specific antibodies. Asparaginase causes



di sorders and coagul ati on disorders. The adm ni stration of asparagi nase
causes hyper sensitivity reactions in man. The nechani sm of onset is
conpl ex awoQ 2ad9/asbss7pr esent time has not been conpl et el y pelrmpabatnestso
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the most serious cases (Zubrod CG, Pediatrics, 1970;

15 (45) : 555-9).

The incidence of dimmuno-allergic reactions due to
asparaginase 1is not clear: between 5 and 70% of the
patients treated. On average, a quarter of children
20 develop a severe reaction (Mathé G, Amiel JL, Clarysse
A, Recent Results Cancer Res. 1970 (33): 279-87; Woo MH
et al., Leukemia, 1998 Oct; 12(10): 1527-33; Woo MH,
Hak LJ, Storm MC, Sandlund JT, Ribeiro RC, Rivera GK, J
Clin Oncol, 2000 Apr; 18(7): 1525-32). Various factors
25 can explain this variability: preparations 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 (Woo 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 1incidence of remissions and



can explain this variability: preparations of asparagi nase fromdifferent
bacterial strains, use of concomtant therapies or admnistration route (IV
or IM . Wwbeodwmoegsency of the reactions increases wth troe/prowis®ss28d
injections in one cycle of treatnent and the interval between two courses
of treatment (Mathe 1970). The devel opnent of specific antibodies or of
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illness, is fé&gﬂyoyng§5§598d3ynthesis. This toxicity can take the
form either of acute pancreatitis (most commonly) or
15 diabetes.

The mechanism of the acute pancreatitis, whose clinical
symptoms range from the benign, spontaneously resolving
illness, to complications (haemorrhage, pseudo-cyst),
20 to the fatal, fulminating illness, is poorly

understood.

Toxic pancreatitis induced by chemotherapies used in
oncology 1s not uncommon. That due to asparaginase is

25 well documented and many cases have been reported in
the literature. The overall incidence due to
asparaginase in terms of 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 2006; Miuller 1998, 2: 97-113;
Alvarez OA et al., Med. Pediatr. Oncol. 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 light of the
studies overall, the administration of repeated and
relatively high doses of asparaginase (3000 TIU to
60,000 IU/m’/dose) is a predisposing factor.



Toxi ¢ pancreatitis induced by chenotherapies used in oncology is not
uncommon. That due to asparaginase is well docunented and nany cases have
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natural form 'aspar agi nase réported above essn r

the use of asparaginase in patients whose pancreas 1is

15 damaged could be dangerous and these undesirable

effects must be taken into consideration.

The c¢linical trial in 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 wuse for the
treatment of cancer of the pancreas. The results
obtained up to 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 1in the clinical is far from being established in
view of the fact that the molecule is on the one hand
still allergenic (Miller et al., 1998) and on the other
30 hand toxic to the pancreas (Knoderer 2006; Miller 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 Dbefore
35 efficacy (Cowen and Company, “Quick Take: Solide Q4
Results, But Oncaspar Solid Tumor Trial Hits A Snag”,
Specialty Pharmaceuticals, February 14, 2008).



showed that these fears are perfectly justified. On the other hand, the
pegyl ated forns have not yet shown that they were suitable for human
clinical weeodssosshe treatment of cancer of the pancreagCT/EPeoosesszke s
obtained up to the present are limted to invitro and in vivo results on
nouse pancreatic tunmour xenograft nodelS. Now, the suitability of the

pegyl ated f e I f i shed in
vi ew of theoJ;kga(;:t fe1('1.)lha %fe’%g%lto ecﬁ %! ornal gasf)eneﬁﬁan%{}gﬁ@?%e §gn| c
(Ml l er et alrder 1998)immEcwen tifée th@?aﬁﬁﬁﬁl@oﬂ%ﬂ@% hhe ﬂ%ﬁféﬁeég

(Knoderer 2006;dMd | e 1&&%1@%@’4@25%%%5 Mor eeveranthe &tidycah trial

carried out b Enzon Phar macut i Cf re ort ed above, regardi ng the use of
Oncaspar (r) FortHE-t1TEat entPof 3P dIPursS Had e spendedsitnce
t oxi ci tyswastaleacheg hbeforezeffi eacyal Cowen andr Canpanyy PQuirekcbake:

Solide Q4 R§%{;és %th 3011 aspaaags% d Tuppr . Trlgl l?!attl rltSsnag'I'n, %Rem alty

Phar maceuti ca February 14 The encapsul ationof aspar agl ndse in
eryt hrocyt essuftordey tiordmprove Hadgktiver dpswthicmasmdenritas Jdoeen t he subj ect

of devel opmentystudies. éfto'géﬁgfgg?ﬁé@é’ Oneaéggga%@@ae e%aps%%lt ed in
red corpuscles was undert aken gé/o Kravtzoff et (C

Phar macol , 1998Us(S: 4930 209 W FetenThat iséHtjéf ﬁﬁ@?P?@éF?ér PRg from

non- Hodgl@i n dydphamas wer el gryen afbadfulaﬁtl @@m@far@@pat@glﬂ}a,sedqm@@ﬂsul at ed
in red corpuscl es. (30 to_200 IU/kg%ﬁ % m)nstra(%es an sence of
@ ?%%t e

allergic reaction Ohpared T h t| on"of H4Epar8gt na S(27%.
I n addi tion,injrectinjrectforsphragparnag mmﬂa&p&d af ed eirytarychtecyt es

enabl es an a%p%fegé ne geplgéeég%%@iéi ngiequretSLancon%ggH%ge days. @ the
ot her hand, difterent studi -

consecutive days.

15
On 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):4773-47706)

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 a 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



2006/ 016247; MIlan C Get al ., Journal of Controlled Rel ease, 2004,

95(1):27-49; Kravtzoff R et al ., Journal of Pharnmacy and Pharmacol ogy,
1990, 42 Wo)2009%8883476) descri be the encapsul ati on of asparapeesses2sn red
corpuscl es and the inprovenent of the rmacoki netic properties of the

encapsul ated enzyne in the context of an application for |ynphoma and acute

| ynphobl ast i gﬁgéae ka . i n - or-m o spar.agihnase shows
t he absence %%éa erg;Ec frree\aégt%%sn%&??g ggﬁ?%%g%rﬁgts%onmen%%%sgﬁgggég?n red
corpuscl es | &AVREENTEr ¢ ai MAOUbEaES tolehe €BNSBRHUEAEES afhfle Pp&Rcreatic

level, in pafddeitlafedth Patigat snhPndcPROKcOERLT @l neeadi,tkantae haw ng
advanced pagéée%g%c cancer, in the sense that the red corpuscles end u
d

bei ng destr d 15bef8tE&Ythefr Tht ¢4 MG THE YasCul'&Fe cBHFAr t ment .
Li kew sej i tisedlddd cahaet f t Cacyohasnagincbeemdaermansis atied: Thewonuent or s

have for thefipst time dempnsirated the efficacy gf asparaginases,
encapsul ated 1 n red cor 5USC es 1In € nouse pancCreati Cc tunour xenograft
model . At theowanestildg, fheyhéavesohcainedthesubarse gerpinst takilng ty

theabsence of; fyee fgsi dual,1aspanaginase L) the vassulal-cogpant ept . They
have al so denonstrated that the i1 nprovenent in the pharnmacokinetics |inked

with the usé'®f e FBE cotHusdl eshRaReE IPtePos3FREEATNUSe mith tFéduced

quantities of r&nzydre: conpasieekt oonwhahei bawbukdshe inecessagy ph@ iksesi n the
free formor_in the PEG orng(5 (ﬁtitjl furtfher reduci ng t he pancreatic
toxicity ri Sk fhe PestuiYE OBt aired by* t H& ihvERLGFS openSERE W&y St o t he
use of encapsadiadreds asparagi nase in the treatnent of cancer of the
pancreas, including patients having an advanced form of this cancer or

sensitive patients
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 1s a therapeutic
composition or a medicament intended for the treatment
20 of pancreatic cancer, comprising an effective quantity
of a suspension of red <corpuscles encapsulating

asparaginase.

Typically, the red corpuscles are 1in 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 SAG mannitol and ADsol which are solutions 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.



A first object of the invention is thus a suspension of red corpuscles
encapsul ati ng asparagi nase as a nedi canent for treating pancreatic cancer.
A second wbj2e@iosad37t he i nvention is a therapeutic conpoPCTIRPRONSNCERSY

nedi cament intended for the treatnent qf, pancreatic cancer, conprising an
effective quantity of a suspension of red corpuscles encapsul ating

asparagi nase . Typically, the red corpuscles are in suspension in a

phar maceutical ly acceptable saline solution. This can be a standard nmedi um
for red corplUst] e3USRINHERT i ceR@ar A sofaddvn 6P NaCFe( preEfler 8BV 029%)

possi bly w tHy agdest 4 ngr edi € Se sSHER A8mIhUEPS8L188XbY 0S8, cadeBhngrand/ or
manni tol . Standard_ nedi a t hat can be used are SAG mannltolj and ADsol which

are sol uti ordY B O AdEN HIL dludbse™ manni tol and sodi um chl ori de. The
sol utionscan further cont al n a preservati ve such as L-car ni tine. The

sol uti on Ca%a'é copLai p.o BEckao r%u% acCtltveh$”E'§ €4($)red N
particul ar herapeutic agen daed Tor the Treat ment of cancer
of the pancr@‘@qr@sﬁlwﬂﬂlﬁer@elm|kb>edlIbJeEtijororOJadw vee pirisicipl e (s)
intended for the treatnment of the synptons or disorders which nay acconpany
pancreatic cancer .The suspension can be ready for use and have a

haemat ocrit ATFTEBI f 61O adhEni SEFEREOATDY TRF edtABIR T pérf usihen

wi t hout 1di | Lﬁdﬂfbnéior@a@e@b@o ber pafé@aggdeebgbbablyt 1ma§s t ch@cdinl ut ed
bef ore adm ni str at in ecthg di ng

Acco
Crventi on " tHE HackBrant 1 6FE 187 s kpererahL VebdhveaR gkt o ehsous! y
| i es bet weerelahout5 30, aemii&:lzmttﬂeﬂ%bom eﬁ@a%abl y between about 45 and about
55% and better about 50%
In the form for dilution, the haematocrit can be
15 higher, in particular lying between about 60 and about

90%.

The solution 1is preferably packaged at a volume 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



In the formfor dilution, the haematocrit can be higher, in particular

| yi ng between about 60 and about 90% The solution is preferably packaged
at a vol uwe 20d9/mbssat 10 to about 250 ml. The packagi ng ipeTmpedosned2By i n a
bl ood bag of the type suitable for a bl,cod transfusion. The whole of the
gquantity of encapsul ated asparagi nase corresponding to the nedi cal

prescri ption.d s ef erably contaiined i) the. plogd had.,dhe, quant Ly of
encapsul at ed asparagi nase can in particular I'ie between about 30 and about
300 | U per nihof lddspensiosh of ran@oidusicles 0fl tgpreferably Leeschet ween
about 70 andsahott:150 U per ml. A further object of the invention is the
use of red corpuscles encapsul ati ng asparagi nase or a suspensi on of such
red corpuscles for the preparation of a nedicanent intended for the

treat ment ofThe panctreatdrc wcancers ifhigatisecdlakest@ccount of the

characteristics_ ,presented for the s ension _and the therapeuti
conposition or trrkgedi ggﬁéﬁtﬂ.enghé)fi n‘%eﬁ%?%ﬁ%e atesto t%@l?ggét Lr%lr%iougf
pati ents what evelr the stragecaf; devel opnent of the pancreaticcancer, the

hi st ol ogi cal_{ o t kenhyathe, cancer. ajhd hkhkelddood at.paactsatitis of

greater or |lesser severity. The invention relates in particular to: - the

treatment of a "peth et "Halidiy & prs T Y tUburl BIPh e parRtEas?’ - t he
Itrealt rrf:mb ﬁf—atneéie{k_tea/ﬂﬂéhﬂhoc‘eaﬂ %de@iéﬁdfemtf . Wiakn nef \#tb@bltcréfaftﬁ@t ed
ocal lynphatic ganglia; - the treatnment of a patient having a pancreatic
cancer wth ren‘iﬁq‘éC%ét“é\]sftkés%eé?ote the-tTestTnt of a patient having cancer

of the head — the treatment of a patient having cancer of the head
of the pancreas;

— the treatment of a patient having a pancreatic

15 cancer with ductal adenocarcinoma;

— the treatment of a patient having a pancreatic
cancer with mucinous cystadenocarcinoma;

— the treatment of a patient having a pancreatic
cancer with mucinous intraductal carcinoma;

20— the treatment of a patient having a pancreatic
carcinoma with acinar adenocarcinoma;

— the treatment of a patient having a pancreatic
cancer with cystic tumours, and possibly cystadeno-
carcinoma;

25 — the treatment of a patient having a pancreatic
cancer with tumour of the excretory 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 to the
increase of the patient survival.

35
A 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



of the pancreas; - the treatnent of a patient having a pancreatic cancer
wi th ductal adenocarcinoma;, - the treatnent of a patient having a

pancr eat iwocasmosos3ni t h nmuci nous cyst adenocarci noma; - tlreTiEPR@BHES2BY Of a
patient having a pancreatic cancer w thjruci nous intraductal carcinoma; -
the treatnment of a patient having a pancreatic carcinoma wth acinar

adenocar i nQiRina. Lhe | 1 SALIEN 0Ot @ PALLENK NAVL DY ALPARELERL LG qancer

with cystic tunmours, and possibly cystadeno carcinonmm; - e treatnment of a
pati ent haviagiia parRreattc T arieren tTeIWindtd oft t he excretory canal s of
the pancreas; - the treatnment of a patient having a cancer of the endocrine

pancreas; - the trea nt of a patient after partj, or total resection of
t he pancreas:™%h QeFEggh&anenlB%diaﬁﬁﬁtlefjhet? n\t/gﬁt idd'%lfreetleé]ttesg?ﬁn% h&Li ncrease
of the pati eitie sliradarad, o stdd |ddartierd oiyeet. of the invention is a

met hod for the treatnent of pancreatic cancer, in which an effective dose

of a suspension of red corpuscles encapsul ating asparagi nase or of a
t her apeut i coimpiosi gt o medi cafgrttadcopdi ngntioatdeoishvent i antirg -

adni ni st ered, 1,0, & pat i gAL F eGHi LRY bierIHisS) ELHOG, Gan, be, appligd to the
different forns of the disease, as was des,crll%ed above. Adm nistration is
ef fect ed by §Hthv&T6Us O6r FREr al BFe er %M hj Eetd orPand Spr éVEL&BILyY Yoy

perfusi on froma-tdoodnbagvenotiBeyl ikeo AGRENISHT abi OWiias 4 ypkeakhy
effected i ntcraa,cvheentoeursl y into the armor via a central

In particular, from about 10 to about 250 ml of
suspension (one dose), therapeutic composition or
15 medicament according to the invention is administered.

Beyond 20 ml, use of perfusion is preferred.

The quantity of encapsulated asparaginase can in
particular lie between about 30 and about 300 IU per ml

20 of red corpuscle suspension. It preferably lies between
about 70 and about 150 IU per ml.

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
monthly, fortnightly or weekly intervals, over the

recommended duration of the treatment.

This treatment can consist in the administration of the
30 equivalent of 20 to 500 IU of asparaginase per kg of
body weight 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,



catheter . In particular, fromabout 10 to about 250 ml of suspension (one
dose) , therapeutic conposition or nedi canent according to the invention is
adm ni st ewedoodBsyssnd 2 O nml, use of perfusion is preferpedkEriivs/osgantity of
encapsul at ed asparaginase can in partigylar |ie between about 30 and about
300 1U per m of red corpuscle suspension. It preferably |ies between about

70 and about¢ 150, ) € oo L Egatne ganprijises t dmi pi st i.on of one
dose or of sé%ér% é%%s%sggg o?gﬁnggtoq%ﬁ% ré#%bdl:ggc?dg%.gihﬁgbgén
provi de for S&erdMAdmTiFt r atS o f@&Ctasht MLED for fhicgh €y PEeR Swedk| y

interval;, %m%réﬁghﬂﬁ§068ﬁﬁg§9tﬂgﬁabEO%éHiéJMédﬂ€5%é6¥ﬁin§“£§ t-heat ment
can consist jn the adm nistration of the %ﬂgivalgnt of 2 0to 500 IU of

aspar agi nase ' P& kP o body  weight Cedc PG (BACH db8B) COMBLEFE Bl y, from
50 to 156 | Ugpes kgmpenadase by atipaister ecdonddei paeseat ismeentired al so

provi des foracgo.nrilaiiSr‘;ca}(,jl1 ons, ng Ejtelg cSornpeuscItels rletn.capsul ating asparagi nase with
st andard chenot’herapeutic products tor ‘he T'reat ment of cancer of the

pancreas. Thus the conbination can be effected with gentitabine, cisplatin,

oxal i pl atin,» Qr, 554l 4Qr oyraghle ﬁﬂsCQEQEB%%E%B_W&%htﬁephéﬁé“Hﬁhber:
derivative,for exanple cisplatin or oxaliplatin. 1n a first node, the
combi nat i on §&! ¥f¥%ct ed W t RFRe t he2BeispensPBAr2PhBPABEUPTECEORPBEICEI on or

nedi canent aceerdli ngoto tihe i aventi el Aeeek]i NOLt Hs B S&§OMEsdDdendt he
conbination s a conbi nati on %%ggfrate, conconm tant or staggered

adnmi ni st rat i'orf T& tHe Sarfd" gat '~ P&par agi nase itself is designated by

the CAS nunber: 9015-68-3. Its usual nane is asparagi hase; other common
names for itTﬁg(xteﬁ%la%@%%%ﬁg&h%%%ar§gin@ﬁg qggnse of the present
invention covers asparaginase of any origin, it can in
15 particular be of natural or recombinant origin, and any
derivative incorporating asparaginase, such as for
example a PEG form, or a fragment retaining the
activity of L-asparaginase. It also covers asparaginase
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 FErwinia chrysanthemi type or of the
Wolinella succinogenes type. “Type” 1is understood to
mean that it can be obtained from a culture of the
bacterium in question 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 1is of the E. coli HAP-A-1-3
type.

30 The term asparaginase also covers asparaginase-like
substances which in the sense of the invention are
bacterial enzymes having an L-asparagine aminohydrolase
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
technique by lysis-resealing, which is preferred here,
is described in the patents EP-A-101 341 and EP-A-679



L- asparagi ne am nohydrol ase . The term asparagi nase in the sense of the
present invention covers asparagi nase of any origin, it can in particular
be of natwoabossosseconbi nant origin, and any derivati vePCHEP@S/H6828N7
aspar agi nase, such as for exanple a PECfo orm or a fragnent retaining the
activity of L-asparaginase. It also covers asparagi nase whatever its

bacterial origin. . Thuys,. tihe p jnase; e .of i jitype, in
particul ar Elé.gl'coltlg LI-QIAA?HPlAé-H.'I tgé g{%ﬁpEg]\fmg%yggcﬁ?}ysgﬁghgﬁit f@ipie.l o)régof t he
Wl i nel | a switogenesfeypeliceqypendi souhlepste68NE 8URrafNEhRE 1B TFan be
obt ai ned framm@Lilddie ef thegbacteniumin: questi axDfptdatiiibh yegan be
reconbi nant,, in other rds a forQ%?f aspar agi nase of th%%¥facterium

obt ai ned bylﬁﬁﬁePchéﬁggﬁééﬂﬁﬁftq H)pr &F eFPEG LPHPPENEN RS o FodE, it s
of the E5. coldpdiAP-d 13 type. dbeptechraspatiagid@ase taleso seavensry
aspar agi nase- | i ke subst ances._whi ch 59 tggugggge g the inv nti%% are

: compartment CODE?lDS . El Lion y@o nlg
bacterial enzyrnfes havi hg an L-asparagi ne am nohydrolase actrvity. By way of

exanpl e, Aciretabact etoglticamrasmsispar afi rasle (AGA)sTes benciotrégr The

techni ques enabling the engapsylaticarof Aactive principles:hy Led« _
corpuscles are known and the basic technique by |lysis-resealing, which is
preferred hefe® resdeservbed itha hecPpafenPssSEPCA- HE BAuGH EP- AR679101,

to whi chot heo pefsode skit | edsdarddieard Wyl | iberablsano reker osheeardi ng to
this technique, the pripary conpartment of dialysis unit (f0£ exanpl e
di al ysis bag'8/ i angPElEalptrlels&&g)e’l sarbcgnttﬁﬁﬁo&sli}lsfpeedq%cﬁrh 4" su§pensi on
of red cor pustcimesscMWwreraast 4 hvel se congarag coparisrentl tomtead ns an agueous
sol ution hypotonic relative to the suspension of red corpuscles in order
Among the variations 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 1in a dialysis cartridge, the 1lysis parameters
being adjusted on the basis of the previously measured
osmotic fragility; and

35 4 - a resealing procedure carried out 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.



to lyse the red corpuscles; next, in a resealing unit, the resealing of the
red corpuscles is induced in the presence of asparagi nase by increasing the
osnoti c am0d/2009/080830t i ¢ pressure, and then a suspensi on eCTmedoososgescl es
cont ai ni ng asparagi nase is coll ected. g the variations described up to
the present, the nethod described in A—2006/016247 whi ch makes it

possi bl e to . B £, BSRaF aglh nﬂfﬁe%@é%%ef dd 6l péSBEPQH%Q' %f

reliable and stable manner, is preferre his met conpri ses

fol | owi ng stidifes: aﬁpar§G§Béﬁ§|oﬂléﬁ>a ébﬁpus%ﬂ%?ﬁ%@#etoﬁn aﬁb¢soﬁ§ﬁ1c
solution at & tocrit level greater than or equal to 65% refrigeration
between + 1 and +8C, 2 - neasurenent of the osnotic fragility using a
sanpl e of red corpuscles fromthis same corpuscle pellet, it being possible
to perfobm stragesrtianda?, i foanytios dedaliypebyditig i copanatlel peldet
procedure of. Iy5|sh% 9 |nternaI|zat|on ofj}he aqubqg{nage mnt%jn a sane

encl osur e, ajt a % er a?ure constnant Sftnoanl ntai ne ween + i an& +8C

conpri si ng threenrassaget of evhé, susraisiontbénr ed cerpascites @btsa hadmat ocrit
| evel 9reat§£réf5¥bﬂﬁf y eqHal; o 6%%.and ef ashypotoni c;dysi s, 50! yhiiQn

refrigerated to between + 1 and +8Cin a dialysis cartri'dge, the Iy5|s
paranet ers bBiTRFHTUSt e o SRE IFASTE Jof TOheDPFETFBUSTY mess uréd Cosmmot i ¢

fragility, askdraslyeseakiag paogeldiur%"cza,r ri@sh @ut1y naaosegond @ncl osure
in the interjor of. which the te ure lies en +30 and +40 and
in the preséice® 5t hypert oritt ?oWOd?ntégﬁ%mﬁﬁ%T?Bﬁar?E Ufdé stood to
mean penetr atieon dtwden a(sﬁoaerr&gléma&s,e pre e tdiel  rifeervwensn of0 tdved raedk .
cor puscl es
The osmotic fragility is advantageously measured on the
15 red corpuscles Jjust before the 1lysis stage, in the
presence or absence of asparaginase in the suspension.
The red corpuscles or the suspension containing them
are advantageously at a temperature <close to or
identical 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 1lysis
procedure 1is carried out shortly after the sample is
taken. Preferably, this time lapse between sampling and
25 start of lysis is less than or egqual 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 lysis-resealing procedure, with measurement and
allowance for the osmotic fragility, the person skilled
in the art will be able to refer to WO-A-2006/016247.

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

limiting examples.



In particular, for the dialysis, the corpuscle pellet is suspended in an
isotonic solution at a high haematocrit |evel, greater than or equal to
65% and woabevmbdsy greater than or equal to 70% and t RCI/EPRESAGRBDN i S
refrigerated to between + 1 and +8C, preferably between +2 and +6C,
typically around +4C. According to a particular node, the haematocrit |evel
1es betweeryfa,and B03hgpoelarab]y, fiet yeen. 70, and, 8086 The cosuptih
fragility is advantageously measured on the red corpuscles just before the
| ysi s stage,M§tade preSenceldr absehckldf aspar agPRRIE2PANERE suSpensi on.
The red cor pused@s, 0 tdden SuspRensiHie cont ai ning them are advant ageously at
a tenperature close go or identical to the tenperature selected fo% t he
lysis. AccordifitF® o anottfer advanfBeods Y st ¢ t hETPHVENt i on,
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taken. Pref ear%cbcﬁ/%/lrf%itgo tY e uaSp e tecf%lesn' sanpling and start of lysis is
| ess than orFienus 4o0i30umimetes, Hsdtttewesttiynon esslyhanversequalimeo 25 and
even to 2 0 inutes, .o ROr NoF endet ail s, concerning the. manner of operating
the lysis-resealing procedure, wth nmeasurenent and all owance for the
osmotic fradi1945e heSpér SEiRRKIA | PP He kD wp T | mpBsSgbisevéd VPéf er to
WO A- 2006/ 01624 TeaciTherqieseit diiantd omdd |imow shen descrd beshd n. nore
detail by neans of inplenentation nodes taken as nonlimting

exanples. Figures 1 and 2 are graph illustrating the cal cul ati on nmethods of
the hal f-1i fExafplAspar agiatdsel of oencapsylsatled iAspas fgilnasearbojuaee3 is a

graph illustyatyng umpu aoWMd)es

The L-asparaginase (Kidrolase®, OPI-EUSA Limonest

15 France) 1s 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
haematocrit 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 50
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 solution 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 encapsulation 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 Dblood,
the washed RBC, the RBC mixed with the L-asparaginase
(before dialysis) and the RBC loaded with L-
asparaginase (after dialysis) are tested for:

— haematocrit (HtL)



inhibition as a function of tinme in mce treated according to various
protocols. Figure 4 illustrates relative tunor volunme versus tinme for each
group of woeeowmsoss7xenograft nodel. Figure 5 is a graphipCT/ePpiosdesesat i on of
nouse survival for each treatnment grouggof mice in a xenograft nodel.
Exanple 1 : Method for encapsul ati on of L-asparagi nase in nurine red
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dialysis ina @IS BagRUSTHEL B JPIEI k&Entt | FAyen bedordhatie 1o renove
the plasma, -and dhen washesh ddinee-dddmse Mt ,,0.8% NaCl . The haematocrit is
adjusted to 70%in the presence of the asparagi nase, added to a final
concentration dfS4069 UM of red corpuscles or red blood cells (RBQ
before sbarting the dialysis. The dialysis lasts 50 m nutes at 4C agai nst a
| ysis buffer,of |ow o lLarity.,Th rine red corpusc| are.then reseal ed
Lhrough ¢ he i Ton SF 4T G be PPy TSBFurtan An Tt hadbabtig 50

m nutes at 3nC AMter two WashiogscwilialPsigdENaCneandrenentashi fgew t h
Sag- manni t oly, syppl.efipnted. whhhyRaVine. SEIUM abbumdl 538 (6%, o hered
corpuscles are adjusted to haematocrit 50% The red corpuscles

encapsul at i fg 3P 1aGdpatagi aasecareregr] eFAorAspy RBC. tfhePERELFSY at i on
gener at eg L-Aspa BG atna oeBeantrat iken Lof, 400 bk ofc asparagtnase/ ah of RC
at 50% haematocrit . Déri nﬁ, t he. encapsul ati on procedur t he. whol e bl ood,
the washed RBCSYHERBESH Xetf Wi th-% h é—sgéﬁglgé&iaﬁﬁsep](e%%?ﬂ]eqﬁ afy'si s) and
the RBC | cadediwi t h Lasparaagiutaseiq af t erdedi al ysilsecama etsest ed afiofies

lymphoblastiques”, Ann Biol Clin, 62: 568-572.

15 Example 2: Determination of the pharmacokinetic and

pharmacodynamic parameters of L-Aspa RBC in the mouse

Murine L-Aspa RBC were injected into OF1 mice so as to
determine the half-life of the L-Aspa RBC in
circulation in the mouse and to demonstrate the
20 depletion of
L-asparagine in mouse ©plasma. A single dose of
200 IU/kg was 1injected into each mouse by the

intravenous route.

25 The half-life of the L-Aspa RBC is 12.39 £ 0.74 days
(calculation based on the activity of the enzyme). When
the half-life of the murine L-Aspa RBC is calculated
via cell 1labelling (CFSE-L-Aspa RBC), the wvalue 1is
16.52 £ 3.13 days, and 15.83 £ 3.31 days for RBC simply

30 labelled with CFDA-SE (CFSE RBC).

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

35 Table 1: Pharmacokinetic data obtained for L-Aspa RBC
and for murine RBC labelled with CFDA-SE (CFSE RBC)
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as follow : divided by two. Then the corresponding value of the
abscissa is calculated tanks to the plot.
An example of the calculation is shown on figure 1,
wherein the calculated intercept point is 2,846l.
Half of the intercept point 1,42
10 Calculation of the corresponding value of the
abscissa 1.42 = (-0,1145 *» X) + 2.8
X = (1.42 - 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 follow
In(2) /plot coefficient of the curve.
20 In the example of figure 2 (which is the same example
as in figure 1) the half-time is:
n(2)/0,083 = 8,3 days.
Table 2: 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 24.9 10.6 asparaginase
RBC activity (%)
Free L-Aspa 100 33 0 0 0 0




The intercept point obtained fromthe plot equation is divided by two. Then
the correspondi ng val ue of the abscissa is calculated tanks to the plot. An
exanpl e olotzb@/osedscul ati on is shown on figure 1 , whereipoTiEPROOSALS2EY at ed
intercept point is 2,8461. Half of the jntercept point : 1,642 Calculation
of the corresponding value of the abscissa : 1.42 = (-0,1145 * X ) + 2.8 X
=(1.42 - 2.8) / -0.1145 = -1 .38/-0 .1145 = 12 days. Mire real half-tinme
coul d be calculated with a second nethod wherein the ordinate sale is a

| ogarit hm scalehginetis absersBatsenl eCifs a9 ne@trSeapelng sROWSTEN figure
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resi dual 5L- aspagagidiase cackitvi tycasa@séyncidtorcoforn | meEnfiar LbAspacRBC and
free L-asparagin F her nore, estimation of the circulating plasma

L- aspar agi na@ganscﬂosf\;vsﬂ}lajtetrbe yond 24 hours after the injection of the L-Aspa
RBC into mice, the values obtained are at the assay detection limt
(between 1 and 310 1 §tr ek o Exampl 3 e iGoMde | nRiLLi op.of huran
pancreatic t , EC] ) - TE nouse
The pur pose 8¢ [ EETE 3L A ha O RRE 14 Rfee Béaring
human pagcr eatd gndw®urs and to observe a tunour growh inhibition. A cell

lin nsiti to L- ragi in vitr n ficient in
e sensit %ﬁ% ghrpgggao?gtgﬁgeexperl%e%% %ﬁg'gg 18550% L—Aspa RBC

into mice bearing human pancreatic tumours and to
observe a tumour growth inhibition. A <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

protocol.

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



L- asparagi ne synt hase, was selected: Ma PaCa-2 . To study the tunour
growmh inhibition after the injection of L-Aspa RBC, an in vivo protocol
was set wwowndadnsdssgr oups of 12 mice. A reference treat meat/Brososoeszser of

t he pancreas, gentitabine, is includedj.n the protocol . Preparation of
test substances and controls Test substance 1 : L-asparagi nase | oaded into

murine red scl es(cal = Asp h r qggﬁr f or :
preparat i oncﬁé}?hgob R%pahgggckgﬁe%érl e%n%%_%\%le?( glee glr?pl gt?f?%l'?est
subst ance 2 Budmidabiifee Control substance 2 : PBS (gentitabi ne uptake
buffer) Culturing of the Ma PaCa-2 cells Human pancreatic tunour cells
(Ma PaCa-2)_ in exponential growth phase (origin ATCC. Anerican Type

Cul ture Coll } were subjected to tryptic digestion, then counted and

washed béf orend i nal lyhiyeiing mesvspeidednide a bBVEMCS emuimd 1 eegaedise® i n
order forthemt,0 be inject subcut anepus| y. i nt 0. at hym.c _nude/.nude m ce.
A ol 5 The RS St oM CoRCHET Rude. (e ba bi'ty 5 2t 7o BaeE BT aRe ang
between 18 amd 22r pi n(iveighe) - vere supphiedvbyeHaebanteFrande)ys. iThe

ani mal s ver e, kepLo{ ol s 7edayg el N Speel ld zath bl 4speci th oe pathegen- 1 ee)
unit before the treatnent. The 48 mce were divided randomy into 4 groups
of 12 nice .thWhereHe Y Umour vol ume reached 200 M8, the mice were
subjected to injections of: single injection of L-Aspa RBC (200 |IU kg) by

the intravengys joute Ln 2 ol Y Rt 10, 8%5eed 10 M/ K cups o 12

mice.

When the tumour volume reached 200 Hmf, the mice were

15 subjected to injections of:
— s8ingle injection of L-Aspa RBC (200 IU/kg) by the
intravenous 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 1l: the mice were given PRS
— 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
L-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.



- four injections of gentitabine (60 ng/kg) by the intravenous route.

Pl anni ng of treatnents The planning was organi zed as follows: - Goup 1 :
t he m ce weneosygsvssn PBS - G oup 2 : the mce were gi venprdTiEPR@sss2ss of
genci tabine (60 ng/kg), 2 injections pey, week for 2 weeks - Goup 3 : the
mce were given a single injection of L-Aspa RBC and 4 injections of

genci tabi ne {60 ol kg), 2 injections per week for 2 weeks - Goup 4 : the
mce were givermra single injection of L-Aspa RBC. The injection of the

di fferent priodiicis wads éff ect edIbRPhd. Skieastfemdrte of T¥ReUT unsiiry thas

effected regulrrdyc{@veny 3cto 4Aidayslerforgbdudaysefesultgmdiginecd is a
graph showi ng. the tunour growth inhibition in the different groups as a

function of ti%e . The two control groups (1 and 2 ) show regul ar tunour
growth feomO0 to 1058 939 nmmB8 and 1353 1016 mmB respectively. Goup 2
(genti tabi nejy, dogs not demonstrate an effect of the, nedicanent on the
grow h of the pancreéilc tumour s i n the frousé (injectton at™ a tunour vol une
of 196 57 mmard; &ros7 Ways, 1363 1086 nmB) .and dGAGr ast 10fke timj ect i ons

of L-Aspa RBGJn. conpinationcywith genti t abing considerabl yoretard the
tumour growth: this treatnment was injected when the tunours were 190 43
mB8 and af t FeB HalA } halt @fo6e tvdl uneh £ s 1894 Cared tmB cbhparédvitd 1353

1016 mBof orof hendi genkRegtoUp tAmbieat ath Ay nhide genkitabife. at a
tumour volume of 196 + 57 mm’ and, at 57 days, 1353 =+
1016 mm°). 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 1in group 2 treated only with gemcitabine.
Finally, the L-Aspa RBC (group 4) are still more
effective for tumour growth inhibition than in

20 combination with gemcitabine since after injection at a
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 RBC
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 blood <c¢cell in mice Dbearing
pancreatic tumor PANC-1

35 The objective of this study was to assess the

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

pancreatic tumor (PANC-1) xenograft model.



Finally, the L-Aspa RBC (group 4 ) are still nore effective for tunour
growm h inhibition than in conbination with gentitabine since after

i nj ecti orwetzo@/dsossour vol ume of 193 46 mmthis reachespPomipP2@86682805 MB
after 57 days. The nurine red corpuscl es; encapsul ati ng L-aspar agi nase
(L-Aspa RBC) were the nost effective treatnent in retarding the growth of
t he human pancr edlANC-tlunbsir 8 ipleant pancneshec noesgé. 1Surgpri snngliy,rot he

L- Aspa RBC al one are nore effective for tunou r owt ingi bition than in

r
combi nat i on SFtH getfti tan meSPE@MI 2 11 ntk}?goSBH Vet anBrakPst Gdy of

L- aspar agi nase gpeapsukatedd rired bloodceld 1M 48 cenbegEingrpangheatic
tunor PANC-1 The objective of this study was to assess the antitunoral
effects of Lredpalaginasel epcapsulicatted ing r édebboedceel i seqinespa 1RBC)

admi ni stered. 1. a human panergatic tummrs (RANG | ), xepogg all, el PANG- I i's
a human pancreatic cell Tine, 'i'n vitro sensitive fo -aspargagl nase . In
this study, cbgroulps iafenil5 A ceasecejnad eiotthel OL-aspar agideseeneapsul at ed
inred blood cells, gentitabine (reference treatnment in pancreatic cancer)

. a conbi nati'dif gt Mot AgEtit L6 BntT Yt erAT &R ast group of 10 mice
received no treatnent and was used as control group. Preparation of the
test and control itens Test item 1 : L-asparagi hase encapsul ated into
nurine red bICEPEHIY (AL dSpa BBO) 2RI @t ur e $Fidcedure of L-aspa RBC
was congycted as described in exanple 1 . Test item 2 : genctitabine
(Genrar(r), Eli Lilly and Conpany) Control item PBS (saline solution)
Panc-1 cell Tésie dteture: L-asparaginase encapsulated into 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®, Eli Lilly and
15 Company)

Control item: PBS (saline solution)

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

injection to 100 nu/nu athymic mice.
Animals

30 Hundred athymic Nude mice of 5 week-o0ld, 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 of temperature,

35 humidity, photoperiod and air exchange.



A Log-growi ng cul ture of human pancreatic tunor cells, PANC- | (obtained
from ECCAC, UK) , was subcl oned and the clone no. bsC was sel ected based on
its growwocapasitsy and sensitivity to asparagi nase. C e0E/EPOES/ 068289
trypsinized, counted, washed and resuspgnded in serumfree DVEM medi um for
sub-cut aneous injection to 100 nu/nu athymc mce. Aninmals Hundred athymc
Nude m ce of 5 weelewl dayweisghieng 2€Nl +Amp3gnwerte osippt wreek byoE:lanﬂeasn

France. The ani mal s underwent #I mat i thl on period of é ys and were
mai nt ai ned i SPFUEEPREFT |ém[5iatfr?d§é f FEEPTEOREI HPors Hnd*RBniF S‘Efsly
control | ed condi thong1atetienperatyyy e hunmididy, wphet epet iR and 1ahe
exchange. Four days after cell inplantation, tunor volunes were neasured and

ranked accorabaig tbh%l pedapd Fedi aF WA cal iUl ad eunTh| veyumpvéedore with a

t unor VO%“”Ed?@O ”ﬁ%k%” ﬁ%’l <5" G, Wit fa a o5 i:l??r }4?(5 une el %’St he

medi an were |ncIu st udy mce int ese animals were
randonly assigned i nto 4 groups of 15 m ce and 1 group of 10 mce foI | ow ng
a preestablished random zation table. Mce receiyed: a single i.

injection of L-asg¥$BCII00T UKG) LaFgRnL )| %%l%@eﬁdﬁPﬁPsér ate HHSWere not

greater than,8 b/ kg Qf gne tﬁntﬁo% tch;e @@I mcs kbeodyvabune. ored 0. v.
i njections of gentitabine (80 . injections of PBS Tr eat nent

schedul e Gcm:ptﬂbli‘?rﬁ% R@E@Wlefchwqmj@hl@nsf’lme PBS @verd: 3 days Goup 2 :

mce reﬁﬁlved |nject|on518f i.v. injection of L-aspa RBC (200

IU/kg). The volume of administration were not
greater than 8 ml/kg or one tenth of the
animal’s blood volume.

- 4 i.v. injections of gemcitabine (80 mg/kg)

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

- Group 1l: mice received 4 injections of PRBRS 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



gentitabine every 3 days G oup 3 : mce received a single injection of
Laspa RBC and 4 injections of gentitabine every 3 days - Goup 4 : mce
recei ved wonmgisessrnj ecti on of Laspa RBC - Group 5 : noPCT&E®RIVSN6828UNDr
measurenents were recorded 3 tines a ;e?k (on Mondays, Wednesday and
Friday) during 43 days. Results Figure illustrates relative tunor vol unme
versus time da)]rcﬂaa:tmcgrlmjapdﬁﬂnélngl ahevmmn@rmwo/]ojnwmaﬁ sgabtukat edyby

di viding the tunmor vol une a |ve ay by the tunor, yolune before
't ot mont | oVl dr g LHEOH: 48 L6 HE v | Se ot 176 BigeS ] BB ufar Svol urre

bet ween groupse ofct he (daytaf-4inj &fff@fbné:é gune nshowsothat bheykehative
tunor volunme in the gentitabine and L-aspa RBC conbined with gentitabine

groups i ncr essEP e Fowlay t%nifijr\ecttlfﬁeﬂPBS group (51.8 17.1 ; 46.3 29.7
and 75.15 31.0 aty 43 r%i%%“t“neaty)th Eetlitri‘taee"w‘?I o@ \%‘ %h
9 v\ftn i fhi bition

conblnatlontreat edsto be 1T e €T f ective on
than gentit altise ajeomeltakhirs: r eprresentiatdsgra hi @EA ghtcsnfoheleen‘ fi @aeh of a
single injection of L-aspa RBC as the reI ative tunor_volunme was found to

i ncrease nor%er%qjowlﬁ/“f%aﬁrPHptshel%%‘?ﬁar%ef gFGUF (2882 82 erdust?5 1 31.0

at day 43) .pdd Gr&S §r§1389¥ap47“}? repgesent abi on nf ngusessunvipval for
each treatnent grou r eat ment with Laspa RBC or gentitabine al one were
not better tdemn PBS ageshécgﬂaphy nearlty d\ﬁErIIafpt@miWeYy tobaty 20% of mice

. . 0
renalneq&r1égh qgﬂ?h%?bkg%a %%% ggﬁggor %e 8éréa%ﬁ%€ctive

on
tumor growth inhibition than gemcitabine alone.

This representation highlights the efficacy of a
single injection of L-aspa RBC as the relative tumor
volume was found to increase more slowly than in the

15 control group (49.3 132.2 wversus 75.1 £ 31.0 at day
43).

Figure 5 1is a graphic representation of mouse

survival for each treatment group. Treatment with L-

20 aspa RBC or gemcitabine alone were not better than PBS
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 Dby 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) . Moreover, 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 bearing human pancreatic cell line, and that



RBC group and 13% percent of the mce remained in the PBS group at day 43)
D fferences between groups were not statistically significant. However,
nouse surwowvady/osess7greatly i nproved by the conbi nati on eCTgromistsd2zsne W t h
L-aspa RBC (60% of mice still alive at day 43) and the difference was found
to be significant (p<0.01). Mreover, genctitabine conbined with L-aspa RBC
conpared to gencitabine afonengavel e stlatnstdclall yhsi gneteoant oifnhrovenent

in nouse survival (p<0.05).. These results indicate that a sing

le i.v.
i nj ecti on of*iRAspEX RBCIIMKI bPtedelGRbr §F owt FPR I M e Beariitg ﬁﬁﬁﬁn
pancreatic celdiditen and t hahgentdtabime obiseatxent cbspgpbanced Byet he
presence of Laspa RBC. This statement is supported by the best inhibition
of tunor grovitllebgepved cowpariedl PoOPREtoPREr O otV ENENY heNpreperti ons
of Sufvi%i“QN?Wﬂ§“§ﬁ§“oﬁfEhéﬂg£&H t he study. CLAIMS 1 . Suspension of red
cor puscl es encapsul ating asparaglﬁéée as a nedicanment for treating
pancreatic cancer . 2 . Therapeutic conposition or mnmedi canent intended for
the treatnment of pancreatic cancer, conprising a suspension of red
corpuscl es encapsul ati ng asparagi nase . 3 . Suspension, conposition or
medi canent according to claiml or 2 for the increase of the patient
survival . 4 . Suspension, conposition or nedi canent according to any one
of the previous Clains, ready for use. 5 . Suspension, conposition or
medi canent according to Claim1 or 2, for dilution before use. 6 .
Suspensi on, conposition or nedi canent according to Cdaim5 , the
haematocrit before dilution



|l yi ng between 60 and 90% 7 . Suspension, conposition or nedi canent
accordingto Cdaim3, 4, 5o0or 6, wherein the haematocrit of the

suspensi ovoreadgodsor use |ies between about 40 and aboutrCTa¥roosned2es abl y
bet ween about 45 and about 55% and better about 50% 8 . Suspension,
conposition or nedi canent according to any one of the previous d ains,

cont ai ni ng between 30 and 300 | U of asparagi nase per ml, preferably between
70 and 150 11U per m .9 . Suspension, conposition or mnedi canent according to
any one of the previous O ains, furtKe®ébntaining a chenotherapeutic
agent. 10. Suspension, conposition or nedi canment according to the previous
Claim containing gentitabine, cisplatin, oxaliplatin, or 5-fluorouracil in
combi nation With a plaSsiimYeri 9ati v&S f of OBRANPIeS ci SPraPrN1ar-1n9

oxal i pl abi n,agsa gl ichenobher apeddicagent . £, tseatofng egdatorpusclces
encapsul atin aspar agi nase for the preparation of a medi canent intended for
the treat ment of "pancreatic cancer. 12. Use of red corpuscles encapsul ating
Aspar agi nase for the preparation of a medi cament intended for the increase

of the patient SUVViT’k?éraﬁéJt'Qsec_@ﬁﬁBEgE@nt%ruﬁécﬁqééné’ﬁtlgnf&%d%@e

preparation of a medi canent containing between 30 and 300 | U o
aspar agi nasef Per thi, Prefierdbl y ObetREEN O Ehd CE50CKY pet i 1s1Yd Bse

according tos@@dBildn 12, eF 13 frarg the prepasatéon of cacapdi.gcament in the
formof a suspension of 10 to 250 ml. 15. Use according to Caim11, 12, 13
or 14 for t paraginase.

3. Suspension, composition or medicament according
to c¢laim 1 or 2 for the increase of the patient

15 survival.

4, Suspension, composition or medicament according

to any one of the previous Claims, ready for use.

20 5. Suspension, composition or medicament according

to Claim 1 or 2, for dilution before use.

6. Suspension, composition or medicament
according to Claim 5, the haematocrit before dilution
25 lying between 60 and 90%.

7. Suspension, composition or medicament according
to Claim 3, 4, 5 or 6, wherein the haematocrit of the
suspension ready for use lies between about 40 and

30 about 70%, preferably between about 45 and about 55%,
and better about 50%.

8. Suspension, composition or medicament according
to any one of the previous Claims, containing between

35 30 and 300 IU of asparaginase per ml, preferably
between 70 and 150 IU per ml.



preparation of a nedicanent intended to deliver from2 0 to 500 IU,
preferably from50 to 500 |U, of asparagi nase per kg body wei ght and per
dose. 16.wbbkodwdodsor the increase of the patient survivaCTEpPessions289
conposition or a nedi canent conpri sing A suspensi on of red corpuscles
encapsul ati ng Asparagi nase is admnistered to the patient.

9. Suspension, composition or medicament according
to any one of the previous Claims, further containing a

chemotherapeutic agent.

5 10. Suspension, composition or medicament according
to the previous Claim, containing gemcitabine,
cisplatin, oxaliplatin, or 5-fluorouracil in

combination with a platinum derivative, for example
cisplatin or oxaliplatin, as the chemotherapeutic

10 agent.

11. Use of red corpuscles encapsulating
asparaginase for the ©preparation of a medicament

intended for the treatment of pancreatic cancer.

15
12. Use of red corpuscles encapsulating
Asparaginase for the ©preparation of a medicament
intended for the increase of the patient survival.

20 13. Use according to Claim 11 or 12 for the
preparation of a medicament containing between 30 and
300 IU of asparaginase per ml, preferably between 70
and 150 IU per ml.

25 14. Use according to Claim 11 12, or 13 for the

preparation of a medicament in the form of a suspension
of 10 to 250 ml.

15. Use according to Claim 11, 12, 13 or 14 for the
30 preparation of a medicament intended to deliver from 20

to 500 1U, preferably from 50 to 500 1U, of

asparaginase per kg body weight and per dose.

16. Method for the increase of the patient

survival wherein a composition or a medicament
35 comprising a suspension of red corpuscles encapsulating

Asparaginase is administered to the patient.



