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inactivatioﬂymp blastic leukaemias. Its mechanism of action is based on the

10 hydrolysis of the plasma amino acid asparagine, an essential element for

tumoral growth of lymphoblasts. In contrast to normal cells, cancerous

lymphoblastic cells are unable to produce their asparagine themselves, and

are dependent on extracellular sources. Treatment with asparaginase

deprives them of this essential constituent and thus brings about their

15 death.

The enzyme produced from microorganisms is currently marketed in three

forms: the first two are derived from bacterial sources Escherichia coli and

Erwinia chrysanthemi, the third is obtained by covalent-bond coupling of

polyethylene glycol to the native asparaginase of Escherichia coli (PEG-
20  asparaginase).

Despite its considerable antileukaemic efficacy, treatment with
asparaginase is associated with a certain number of complications
connected with the immunogenicity of the enzyme. These complications
may be reflected in clinical manifestations or in silent inactivation.

25  Hypersensitivity reactions, with severity varying from moderate allergic
reaction to anaphylactic shock, have been reported by many authors
(Wang et al., Journal of Immunological Methods 239 (200) 75-83).
Development of reactions of this type, observed with the three forms of
asparaginase, generally leads to discontinuation of the treatment for fear of

30 amore severe reaction.

In addition, asparaginase causes the appearance of circulating antibodies
that possess neutralizing properties, reflected in an increase in clearance
of the enzyme by the reticuloendothelial system and a decrease in its
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predicting the presence of asparaginase neutralizing factors, mainly

antibodies, present in patients' serum. This test would make it possible to

adjust the dose of enzyme administered or to replace the asparaginase

15 used with another form of asparaginase that is not sensitive, or is less
sensitive, to these neutralizing factors.

Several possibilities were considered for monitoring asparaginase activity
in a patient:
e Assay of plasma L-asparagine
20 e Assay of plasma L-asparaginase activity
e Assay of anti-asparaginase antibodies

The level of plasma asparagine is the main biochemical parameter
reflecting the therapeutic effect that is desired with asparaginase: a rapid,
complete and long-lasting depletion of asparagine. Several methods have
25 consequently been described for its assay. Mostly they are based on
combining a stage of separation of the constituents of the sample to be
assayed by high-performance liquid chromatography and fluorometric
detection or quantification by mass spectrometry. These methods are
tedious, they require trained personnel, and their cost and the time taken
30 areincompatible with routine clinical use.

More recently, Verma et al. described a method for rapid assay of
asparagine based on the co-immobilization of L-asparaginase and a
coloured indicator on various substrates (nitrocellulose membrane, silicone
gel or beads of calcium alginate). When one of these supports is brought
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asparagine, whereas in vitro, the catalytic effect of the enzyme on
asparagine will persist. As a direct consequence, when a serum sample is
taken from a patient treated with asparaginase, the presence of a residual
amount of enzyme will lead to a bias in measurement of the asparagine
15 level, which will be "falsely" lower than the physiological level (Boos et al.,
European journal of cancer (1996) 32, 1544-1550). This interference in the
analytical procedure results in absence of correlation with the physiological

asparaginase activity in the patient tested.

Several methods for assay of plasma L-asparaginase have been

20  described, and that used most often is based on incubation of the serum
containing L-asparaginase in a buffer containing L-asparagine, then after
stopping the reaction, determination of the ammonium produced using
Nessler reagent. Orsonneau et al. proposed a quicker and more accurate
automated variant, with which patients treated with L-asparaginase can be

25 monitored (J.L. Orsonneau et al. Ann Biol Clin 2004, 62: 568-72). This
method is based on the action of glutamate dehydrogenase, which uses
the ammonium produced during the hydrolysis of L-asparagine by L-
asparaginase to convert a-ketoglutarate to glutamic acid.

Glutamate dehydrogenase
30 o-ketoglutarate + NHs* + NADPH ——» L-glutamate + NADP + H,O

In this reaction, the amount of NADPH oxidized in the course of the
reaction is equivalent to the amount of ammonia contained in the sample
and can be determined by measuring the decrease in optical density. The
kinetics of appearance of ammonium can thus be monitored and the
35 activity of the L-asparaginase can be calculated. Although this method
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gl utam c aCicﬁl'anti-asparaginase antibodies was higher in the patients who developed

an allergic reaction regardless of whether the measurement is carried out

before or after said reaction has occurred. They conclude that there is a

15 benefit in clinical practice of using such a test for predicting the future
development of an allergic reaction.

Nevertheless, the predictive value of such a test can be questionned; the

ranges of variation of the concentration of anti-asparaginase antibodies

measured before the development of an allergic reaction overlap, they are

20  respectively:

e from 0.001 to 0.375 unit of OD for the patients who developed an
allergic reaction subsequently;

e from 0.004 to 0.064 unit of OD for the patients who did not develop a
subsequent allergic reaction

25 Moreover, measurement of the concentration of antibodies does not give
any information regarding the pharmacological activity of asparaginase in
the patient and its possible neutralization by factors present in the serum.

E.H. Panosyan et al., J. Pediatr. Hematol. Oncol. 2004, 26, 4 : 217-226
30 investigated the anti-asparaginase antibody and Asparaginase enzymatic
activity in the sera of patients. The authors describe an ex vivo
neutralization assay conducted using patient’'s serum specimens as a
source of anti-asparaginase antibodies. The serum specimens were
incubated with native or PEG-asparaginase antigen solutions and the
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be a patient who has to be treated for the first time using the enzyme, or a
patient who has been treated or is currently being treated with
asparaginase. It is possible to test for the presence of factors that can
neutralize the activity of the enzyme used for previous or current treatment,

15 which makes it possible to know whether the treatment with this enzyme
can be resumed or continued, and optionally adjusted. It is also possible to
detect the presence of factors that can neutralize the activity of the enzyme
considered for the treatment of said patient, which makes it possible to
validate or rule out the use of a particular enzyme.

20  This knowledge will provide the practitioner with far more pertinent
guidance, than with the methods of the prior art, on the form of treatment
(posology, dosage regimen) or on the choice of enzyme or its form of
administration. Either the neutralizing factors are absent or are present at a
low enough level for treatment by means of the test enzyme to be possible,

25 optionally with strengthening of the dosage or of the dosage regimen. Or
the neutralizing factors are present at a level that is too high for such a
treatment to be continued or initiated, and then the invention makes it
possible to test and/or recommend an alternative solution using another
form of the enzyme or a form that is less sensitive or is not sensitive to the

30 neutralizing factors, such as the enzyme included in a biovector.

The invention thus aims to propose an in vitro method of determination of
the presence of factors that neutralize asparaginase activity in a blood
sample from a patient.
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blood, plasma, serum or derived medium that may contain said neutralizing
factors, obtained from said patient.

The invention relates to a method of in vitro measurement of the presence
of factors that neutralize asparaginase activity in a sample of blood,
plasma, serum or derived medium that may contain said neutralizing
factors, obtained from a patient, comprising mixing of said sample with an
asparaginase, incubation of said mixture, then measurement of the residual
activity of this asparaginase in the mixture, which reflects and makes it
possible to determine and quantify the presence of neutralizing factors in
the sample and therefore in vivo in the patient. The method makes it
possible to diagnose, qualitatively and quantitatively, the presence of
asparaginase neutralizing factors in a patient. By neutralizing factors, it is
intended not only anti-asparaginase antibodies, but also any other factor
that may inhibit asparaginase or its enzymatic activity, for example
proteases such as human asparaginyl endopeptidase.

The invention further relates to a method for predicting whether a given
asparaginase can be active in a given patient. This method comprises the
determination in vitro of a patient's capacity for responding to treatment
with an asparaginase, in which a sample of blood, plasma, serum or
derived medium that may contain factors that neutralize asparaginase
activity, obtained from said patient, is submitted to the method comprising
mixing of said sample with said asparaginase, incubation of said mixture,
then measurement of the residual enzymatic activity of said asparaginase
in the mixture, which reflects and makes it possible to determine and
quantify the presence of neutralizing factors in the sample and therefore in
vivo in the patient, that are able to neutralize asparaginase activity, and
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conpletely predictive, i.e. it must not require a stage of adm nistration
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f orm of 10he sypayaginase.a formthat is | ess sensitive or is not sensitive to
the neutralizing factors, such as the enzyne included in a biovector.

The sample can also come from a patient who has never been treated with

an asparaginase or with this asparaginase.

The asparaginase used in the test can be the one that is being or was used
in the treatment carried out on the patient.

15 It can also be an enzyme from a different source that we wish to test in the
patient to predict its efficacy. It is also possible to test various enzymes
simultaneously or successively to determine the most suitable treatment for
the patient.

The invention therefore provides a method for predicting the efficacy of a
20 treatment with asparaginase or for predicting the fact that this enzyme will
not immediately undergo substantial inactivation by neutralizing factors.

The invention applies to all forms of asparaginase, for example L-
asparaginase. Without being limited to them, we may mention the native
enzymes obtained from any bacterial source, for example L-asparaginase

25  produced by E. coli, the enzyme produced by Erwinia, mutated enzymes or
modified enzymes, for example the pegylated enzymes (PEG-
asparaginase). The enzyme can also be of natural, synthetic or
recombinant origin. It can be free or included in a biovector, for example in
erythrocytes.

30 The residual activity of the asparaginase in the mixture can be measured
by adding, to said mixture, asparagine, preferably L-asparagine and a
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in the sample, of factors that neutralize asparaginase activity.

The incubation in stage (a) takes notably from 1 to 60 min. The enzyme
15 contentis notably from 0.1 to 5 IU/ml.

It may be useful and advantageous to inactivate or remove any trace of
active enzyme in the test sample. Thus, according to one characteristic,
before stage (a), a stage (ap) of removal or inactivation of any
asparaginase present in the sample is carried out.

20  As a variant, before stage (a) it is possible to carry out a stage (ao) of
measurement of the baseline asparaginase content of the sample, which
makes it possible either to verify that said activity is zero or negligible, or to
subtract said activity from that measured by the method.

As a variant, knowing the half-life of the enzyme administered to the patient
25 before the test, we can wait the necessary time between the last
administration and taking the blood sample.

According to a particular embodiment, stage (a) is followed by a stage (a1)
of removal of the antibody-asparaginase immune complexes. Said removal
can be effected easily by centrifugation, so that the mixture involved in
30 stage (b) is the supernatant. Preferably, centrifugation is carried out at
3000-250009 for between 1 and 30 min at the specified speed.



I ntended not only anti-asparagi nase anti bodi es, but al so any other factor
that may inhibit asparaginase or its enzymatic activity, for exanple

pr ot easesweuoty/@3ihunan aspar agi nyl endopepti dase. The PaT&ar2éo9n64793t her
relates to a nethod for predicting whether a given asparagi nase can be
active in a given patient. This method Conprises the determnation in vitro

of 3, P2t entAGSARACId Kok OfnBRATH: Nehd Qodd iRl AR ! BoAllioRarAg! nase.
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therefore offgssing r M Rl edrfsd Eng the efficacy of an asparagi nase for a
particul ar patien Ing on t resence or absence of neutralizing

factors, and1baﬁwﬁslna)seoma$wagm|eev@sp&rh%agﬂo+c%|§b and the nethod make it
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positively to treat par agi nase or (ii) not respond to’it or
(iii) only r‘e’s%HW"?‘qE %Dgle*r% he sanpl e can cone froma patient

currently being treated with an asparagi nase or froma patient who has been

treated wit nngunoﬁ%%ﬁ‘ﬁia%ﬁﬁagine is preferably carried out for 2 to 60 min with a
saturating amount of asparagine (relative to the amount of enzyme
introduced), notably from 10 to 50 mg/ml.

15 Incubation with the reagent system notably takes from 3 to 20 min.

The invention therefore provides a method for determining whether the
patient is likely to (i) respond positively to treatment with an asparaginase
or (ii) not respond to it or (iii) only respond incompletely. It therefore makes
it possible to confirm or to rule out the possibility of using treatment with the

20 test enzyme, or to make a decision to modify the dosage regimen or to
treat the patient using a different asparaginase, notably of a form
encapsulated in a biovector.

The invention therefore also relates to a method of treatment of an
asparaginase-sensitive pathology in a patient, comprising:

25  (A) application of the method of determination in vitro of a patient's capacity
for responding to treatment with a given form of asparaginase (notably free
or modified form), in which a sample of blood, plasma, serum or derived
medium that may contain asparaginase neutralizing factors, obtained from
said patient, is submitted to the method comprising mixing of said sample

30 with said form of asparaginase, incubation of said mixture, then
measurement of the residual activity of asparaginase in the mixture and
determination of said neutralizing activity and of the patient's capacity to
respond (i) positively to treatment with this form of asparaginase or (ii) not
respond to it or (iii) only respond incompletely, and



The sanple can also cone froma patient who has never been treated with an
asparagi nase or wwth this asparagi nase. The asparagi nase used in the test
can be thwoanw/askas i s being or was used in the treat neRCTERRIMMGTONL ON
the patient. It can also be an enzyne froma different source that we w sh
to test in the patient to predict its éLfOficacy. It is also possible to test
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met hod for myer@eaﬂs@@aﬂﬁ@eéfcfmt@tg:snﬁraginasgmﬁmﬂrcaﬁeﬁ aspar agi nase or for

predicting the fact that this enzynme will not inmredi ately undergo
subst anti al Anact,i vation by neutralizing factors.. The jnvention applies to

all forms of"&EH 'Pagtpn%s%?yef”@td € Iraeita dR CHREMINE OWABRYGOINGSEN'S 1 i t ed
to them we a@nrar?naée)n dricapsatiece enzyneladedt dhnes fioveasy basthelyi al

source, for exa L: aspar.agi nase \pr ced by E._coli, the enz pr oduced

by Ervi nra. SeReuaiesh ] RRORBISIRRE IR CREy e owEobugh et Bty ot o

enzynes (PEGesipandgeaeslalg, fahexamplgraccowddinglis thdteashingaofur reinch pateriiet i ¢ or

r ecombi nant 4@”955?%” Nb. 6268 free or included in a biovector, for exanple
S

I n erythrocyt e residual ‘activity of the asparaginase in the m xture
can be neasured by adding, to said m xture, asparagine, preferably

L- aspar agi neTr patiRegiestthay dbehefit frempiie rhethdet Retudehm ?amcmaéri c
degr adati on of asrﬁ.ara i ne b% %ctlve S(Z‘? ragi asg Accor dI\RI% 0 anI
advant ageousCHERTIGS: 421 SHATPIs Aen BRIHAS ColukREMas. W may”dlso
10  mention, without being limited thereto, solid tumours (W0O2007/103290),
notably pancreatic cancer and ovarian cancer.

The invention will now be described in more detail by means of examples,
which illustrate but do not limit the invention.

Examples

15 Example 1: Immunization of a rabbit with L-asparaginase
A few millilitres of serum are taken from the rabbit before the first
immunization so as to have a pre-immune serum. Then the rabbit is
injected 4 times with 500 ug of L-asparaginase (Kidrolase®, OPI-EUSA
Limonest France). Sera are taken between the first and second

20 immunization and between the second and third immunization. Finally,
after the last immunization, the total serum is recovered and stored at
-20T. The final serum is characterized according to its total protein
concentration (Biuret method) and its total immunoglobulin concentration.

Example 2: Purification of rabbit total IgGs

25  Purification of the rabbit total 1gGs from the final serum, containing anti-
asparaginase 1IgGs, is carried out with the Kit pure 1A from Sigma (#
PURE1A). Briefly, 2 ml of serum is clarified by centrifugation or filtration on
a 0.45 um filter before purification of the IgGs. Then 4 ml of "binding buffer"
is added to the 2 ml of clarified serum. The mixture is passed, then eluted

30 from the column following the protocol recommended by Sigma. So that
they can be injected in the animal, the total IgGs are centrifuged in a
filtration column with a threshold of 10 000 Dalton in order to replace the
elution buffer with PBS.




foll owi ng stages: (a) incubation of the sanple with a known anmount of

aspar agi nase; (b) incubation of the aforesaid m xture with a known anount
of aspar ay0rze10/q5e8ferably in an anmount causi ng sat urati @QTEPR@VI0E3 0 t he
amount of asparagi nase; (c) incubation f the aforesaid m xture with the
reagent systemthat can provi de assay &f the residual enzymatic act|V|ty,

(d) qual |t atgdinlo 942 Mgatsmeﬁ%p‘m'mat pﬁﬁ_\%.ﬁtmt S ahSiferfedisle BLhaR o
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is notably fr e useful and advant ageous to

i nactivate div 'é éna@fsPF'&%%U @t Aot |W°€Wi'§/‘h’é‘nﬁﬁctq‘?§ab’egé P & Thus,
accordi ng tmspjaeagihawcacﬁmxlt)%tmcxhetrab@ute: sm@g_&)r(r@)h of aaéutleglf;f_n{rﬁr(a))lolaczsy‘tic(r]I enoval
or inactivatjon ny in the sanple is carried out.

As a vari antlé&lﬁae%rgla é‘t\@gg%glg;? 651 é&pgz? ble to carry out a stage (a0) of
measur enent of the baseline asparagi nase content of the sanple, which nakes

It possible gt g‘ﬂérrﬁé?dléf‘é' %é‘rl}n'?a o@%’ir%oa%ég\}ébdﬁ @ezeﬁ@hognaegééc%'ne' e or

to subtract sai activit a neasur e vari ant,
knowi ng t he IRENYNIZQticN) dvaet H&ecéﬁasynf@rsbﬁh%amw@@smmﬁ@ ofdhe dnhibiienor e t he

{ eit Wtehcarbf\/@iéS/rriafﬁ@ AE0IRE FREYnEriTRatdAt oFeR U/ &f ILagdprdiinBEs id aséen and
axing € b1Lh0e0enzyrrr1Tg i pre-incubated for 15 minutes at 37T with several dilutions
of serum, then the enzymatic activity is measured in the mixture. The

results are presented in Table 1:

Table 1
. L-asparaginase .
Tube No. |0 1 [ation [ the micture | LR
(IU / ml) ’
1 2 - 1.96 100
2 2 36.43
3 2 39.63
4 2 1/4 0.85 43.04
5 2 60.16
6 2 65.91
7 2 1/128 1.64 83.74

15 Table 1 summarizes the measurements of residual enzymatic activities of
L-asparaginase in the mixtures (tubes 2 to 7). The rabbit serum inhibits the
enzymatic activity of L-asparaginase: the greater the dilution of the serum,
the weaker the inhibition.

Tube 1 constitutes a control, showing that incubation of the enzyme alone
20 at 37T€ for 15 minutes does not affect its enzymatic activity.



According to a particular enbodi nent, stage (a) is followed by a stage
(a-i1) of renoval of the antibody-asparagi nase i mmune conpl exes. Said
renoval owo 2om/sbfiect ed easily by centrifugation, so thaCTiEPeoNi0B4793 €
involved in stage (b) is the supernat@nt. Preferably, centrifugation is
carried out at 3000-25000Qg for between 1 and 30 min at the specified
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aspar agi ne ?ﬁ%ﬁ%ﬁf%ﬁ ol{st)hrglagﬁréo%u%? %@’e‘rﬁfé%@rﬁ”ﬁ@%ﬁe@) 192@@&?%/) ?tr om 10
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aspar agi-Hase' @0l <

Table 2
L- .
L-asparaginase asparaginase Residual
parag Serum ) parag activity in
Tube No. added . in
dilution supernatant
(1U/ml) supernatant (%)
(IU/ml) °
1 2 - 1.91 95.63
2 2 1.11 0.21 10.39
3 2 1/2 0.14 6.77
4 2 1/4 0.05 2.72
5 2 1/16 0.03 1.53
6 2 1/32 0.02 0.98
7 2 1/128 0.02 1.00
control 2 pre-immune |1.82 90.81

A control, replacing the serum with the pre-immune serum, was added so
as to test the specificity of the interaction between L-asparaginase and the

15 anti-asparaginase antibodies present in the serum. This demonstrates that
more than 90% of the enzyme is not involved in interaction with nonspecific
antibodies.

The antibodies present in the serum interacted with all of the enzyme for
the dilutions 1/4, 1/16, 1/32 and 1/128.



or (ii) not respond to it or (iii) only respond inconpletely. It therefore
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m xture, then neasurenent of the residual activity of asparaginase in the
m xture and determ nation of said neutralizing activity and of the
patient's cal@d¢éBy to respond (i) positively to treatnent with this form of
asparagi nase or (ii) not respond to it or (ii |) only respond inconpletely,
and( B) treatment—of—the—pathotogyrby neans—of—tthi—s asparagrnase 11 cage (1)
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preferred enbodi nent, aéBSrd@fiﬁSéefQTmtan asgfipgi nase is aspAiafy) impse
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appl i cation|No. (?408 ?7
contro .25

- 1.19 94.99
1 1.25 - 1.26 100.00
2 - 1/8 0.02 1.38
3 1.25 1/8 0.02 1.52
4 1.25 1/16 0.01 0.40
5 1.25 1/32 0.01 0.62
6 1.25 1/64 0.01 0.98

The rabbit total 1gGs, containing anti-asparaginase IgGs, interact with L-
asparaginase starting from the dilution 1/64 and cause total inhibition of the
10  enzymatic activity (99.02% of enzyme precipitated).

Example 5: Inactivation, by the rabbit total IgGs, of free L-
asparaginase injected in the mouse

An experiment was set up for the mouse (16 mice) to investigate the
inhibition of L-asparaginase by the anti-asparaginase IgGs in vivo.

15  The experimental conditions were as follows:
- dose of 100 IU/kg of L-asparaginase, equivalent to 1.25 |U/ml
circulating in a 25 g mouse
- injection of 7.5 pg of rabbit total 1gGs.

Injection of the 1gGs or of PBS is carried out 20 minutes before injection of

20  L-asparaginase, free or encapsulated in mouse red blood cells (Asp-RBC).
Then 6 hours after this last-mentioned injection, the mice are sacrificed and
the blood is collected.
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Assay of L-asparaginase in the RBCs of mice that received the Asp-RBCs
detects 0.798 and 0.879 IU/ml in the presence of IgGs or of PBS
respectively. Therefore the IgGs present in the plasma did not have an
inhibitory effect on the encapsulated enzyme. In the plasma of these same
mice, free L-asparaginase injected with the Asp-RBCs (there is still in fact a
small amount of free enzyme outside of the RBCs, of the order of 10% of
the dose) is inhibited in the presence of the IgGs (0.013 IU / ml) and
remains active in the presence of PBS (0.126 1U/ml).

When free L-asparaginase was injected, the IgGs inhibited its activity
(0.002 1U/ml) whereas injection of PBS had no effect on the activity of the
enzyme (0.417 IU/ml). Taking into account the half-life of free L-
asparaginase (10 hours), the measurement of 0.417 IU/ml of plasma L-
asparaginase corresponds to the residual activity of the free enzyme 6
hours after its injection.

The plasma concentration of L-asparagine was measured in the plasma of
14 of the mice in the study (two could not be used as the volume was too
small). The results are presented in Table 5.



they can be injected in the animal, the total 1gGs are centrifuged in a
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| eukaem as”, Ann Biol Cin, 62: 568-572. An internediate serum (obtained
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nmeasured i n|Age-RBGture. The r¢s@lts are presented [kR Table 1: Table 1
Table 1 sumparizes the nmeasurefrents of residual enzlymatic activities of
L- aspar agi na5es ragharaginaser es |48-08s3-83t 0 7). The [<abbit seruminhibits
the enzymatic activity of L-asparaginase: the greater the dilution of the
serum the weaker the inhibition. Tube 1 constitutes a control, show ng
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Only the mice treated with free L-asparaginase in the presence of IgG have
a plasma concentration of L-Asparagine of 28.09 uM. The enzyme was
therefore inhibited in the plasma by the 1gGs.

Example 6: Measurement of the inhibition of rabbit total IgGs on the
10 enzymatic activity of PEG-asparaginase

Rabbit total IgGs, containing anti-asparaginase 1gGs, were tested on PEG-

asparaginase (Sigma # A5336). The same experiment as that presented in

Example 4 was carried out with the PEG-asparaginase. The results are

presented in Table 6.

15 Table 6
Residual
PEG-A PEG-A ivi
Tube No. G-Aspa Dilution G-Aspa -actlwty
added assayed in
of the IgGs
(1U/mil) (1U/ml) supernatant
(%)
1 0.40 - 0.360 90.00
2 0.79 1/8 0.023 2.97
3 0.79 1/16 0.026 3.32
4 0.79 1/32 0.023 2.90
5 0.79 1/64 0.029 3.67




I mmuni zation) was used. In order to sinmulate phagocytosis of the
antigen-anti body conpl exes by the reticul oendothelial system the
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conpl ex es. The enzymatic activity is assayed in the supernatant. The assay
results are : [ t serum
With the preﬁ{ SrSBtB.‘?ng'é I&Pﬂaﬁuﬁ% AN EPQ%Saragfﬁagg gé’{ |ntre§£éet§<§f\{9@rﬂttj©8of  ho
interaction %@v@e@ar&gla@:@%ﬂé@e ediiityn Gigtadied afﬁlttheeﬁs‘ymﬂaajﬁﬁhﬁe'e&ﬁtﬁhbﬁdl es
present in thg FenaRitial PhiRed QEBNEL Wik 8% | more than 90% of the enzyne is
not involved in interaction wth nonspecific antibodies. The antibodies
present in the seruminteracted with all of the enzynme for the dilutions
1/4, 1/1 6, Bxddpkn: Tést @Q;tagarrpl e 4 : Measurement of inhibition of the

Cxper i e Ea!ish%‘rpgwosﬁﬁ‘e a0 Bl Gha ety e RRRRERUBRTRE b
total 1gGs awith & paﬁmemr@&pamgloase. Assmall loard saamariagamrsér.orfrhbiw esults
are. pr esent athefy Z0eudatod BB IS 16 BhAih o S Laifple. cont &l ni ng

anti - aspar agi nase Interact w th’Lasparagi nase st t| ng fromthe
dilution 1/64 and cause total inhibition of the enzymatlc activity (99.02%

of enzyme pregdmihedbBsWing procedure is followed:

(ao) optionally inactivation or removal of any asparaginase present in the
10 serum sample, or measurement of the residual enzymatic activity
(@) incubation of the sample with 0.1 to 5 IU/ml of asparaginase for 1 to
60 min;
(a1) optionally removal of the immune complexes, preferably by
centrifugation at 3000-25000¢ for 1 to 30 min at the specified speed;
15 (b) incubation of the mixture from (a) or of the supernatant from (a4) for
2 to 60 min with a saturating amount of asparagine, notably from 10
to 50 mg/ml;
(c) incubation, notably for 3 to 20 min, of the preceding mixture with the
reagent system (a-ketoglutarate, NADPH, glutamate
20 dehydrogenase) that is able to detect the residual enzymatic activity;
(d)  qualitative or quantitative evaluation of the loss or retention of
enzymatic activity, which correlates with the presence or the content
of asparaginase neutralizing factors in the sample.

It is possible to determine levels or thresholds of levels of residual
25  enzymatic activity depending on whether or not stage (a,) is included.

In a patient who has already been treated, if the method shows marked

presence of neutralizing factors, a replacement treatment using a different

form of asparaginase is recommended and applied. Notably, when the free

or modified form is likely to be inhibited, the enzyme encapsulated in
30 erythrocytes is recommended.

The same protocol is applicable simply for testing the potential efficacy of
an asparaginase in the patient.



Exanple 5 : Inactivation, by the rabbit total 1gGs, of free Lasparagi nase
I njected in the nouse An experinment was set up for the nouse ( 16 mce) to
i nvest i gawe 20tves5e31Ri bi ti on of L-asparagi nase by the antiPCagparags41ase | gGs
in vivo. The experinental conditions _were as follows: - dose of 100 IU kg
of L-asparagi nase, equivalent to 1.25 I'Um circulating in a 25 g nouse -

i nj ection ofExarhpley8okffeebf pdticim|sdrgfs mathixesh iloasparddiras@@etioityof PBS
is carried out 20 m nutes before injection of L-asparagi nase, free or
encapsul at ed"EASHEAMEANt ed bl ood cel Is (Asp-RBC). Then 6 hours after this

| ast-nentio Y | t \ L £ { 1

col | ect ed. T@E??sﬁéiggh%s@éﬂﬁi %{/p%tlrég?}ﬁ %%%&%ggggﬂg V\%égstrﬁléegﬁlggﬁg and in
t he RBCs. Tdbhspdraginasercaresntratonalfues ®Obd 800d4y/L)Tabémsute ARsiahumBn

L- asparagi nase in the RBCs of mce that received the.A@p-RBCs detects 0.798
and 0. 878 | GHI, 138800 TESHRIENCE: A GsathABHINBES PELHRE (TRRTYCTBHET of of e

the 119G presanblesnwehs imditsaidd disd nilalite3axe 37 [ dHY Nidre! Yeftifirfdd 90 the

encapsul ated enzyne. In the plasma of these sane mce, free L-asparagi nase
i nj ected wi thinuigs A$pl1 Ry (ath¢fle L-asparadinase fagbvity i snaheckatbimtthef free

enzyne outside of .th f the.or % t he daos i 5. 1,nhi bited
Cn ihe o eecberiatif AT Beofiol B U3 s HaLraniindrieh vin B8 ne
presence of d2Bfe (ispatgihdkartoncaMertiohs EResulRSHRIBEEORERE iMdabig7ect ed, the
1 gGs |n?|ob|ted its activity

Table 7:

Measured L-asparaginase activity (IU/L)

Added
condition Ialje./rI)_araginase sérum 246922 sérum 25579 sérum 255810

800 685 783 788

400 ND* 442 461

200 220 220 246
rom | 100 101 125 122

50 30 76 72

25 19 37 33

0 0 0 3

800 753 802 851

400 407 455 463

200 218 236 244
purter — [100 115 120 124

50 63 59 77

25 24 45 37

0 0 - 0

* : Not Determined

No interference of human serum was observed on L-asparaginase activity

15 measurement (compared with buffer control: see Table 7 and Figure 1).




(0.002 U mM) whereas injection of PBS had no effect on the activity of the
enzynme (0.41 7 11U m). Taking into account the half-life of free

Laspar agiwe=e10(05285hours), the measurement of 0.41 7 | Upcir/ErRooplossson

Laspar agi nase corresponds to the resi dg% activity of the free enzyne 6
hours after its injection. The plasna ncentration of L-asparagi ne was
nmeasured i n Exw@mpleagimefiett b4 patidmeserune matrixhen di-adparldginase activityt be
used as the volune was tog small). The results are presented in Table

5. Tabl e 5 THEeAgpemehand del%rgwa&'@nr@f bsal ettty HfhmAB SATLE ver e
t t ed the th
reated w ﬁ@%ﬁm}éﬁ@ngﬁ SWRE Yo L%%%Yﬁ %ééaﬁe%f AR AAR&d Wit he

presence of € m'ce treat ree L-asparagi nase in the
presence of LU-g&pdragmnasemtas finak corneamtratibnaof SF0 LU/Astpaemasyreethaif h@a®a@9 mv
The enzyne was therefore.i B ibited in the%,{) asnma bg éﬁGs ExanEIe 6 :
Measur ement ¥ UTTh 81880 [0 I RIEHRESICEr Qbilr 2ERATGPINA s S‘iHV'Ttyh

activity of &EmRSPEAdiRGTRAIERMY ihgidl ol 3%% LR8I BQntrlfuged 10

anti -asparagi nase 1gGs, were tested on PEGasparagi nase (Signma # A5336). The
same experi rmaimutes atth5QQge§én4€d i-raspreaginasel agdvityasr cbelcl@svt Ilwthﬁ t he

Th | bbi
oG cont ot RS RHRNE L5 2 Sl DUSE S e B0 s RS Wi fie” 20!
PEG aspar agidzmse L-ddprg@gihhye fiMaldeireeheadtiom Ré@l&t@r@rm@@@m@dnﬁ 1Taﬂ:>$§ gt han 4%

of the initial mxed activity with the IgGs.
10 andin figure 2.

Table 8: Measurement of I-asparaginase activity on 52 human sera with L-
asparaginase added at a final concentration of 500 (IU/L)

Serum Measured L-asparaginase activity (IU/L)
1 467
2 493
3 505
4 492
5 466
6 482
7 470
8 474
9 453
10 474
11 482
12 472
13 467
14 469
15 468
16 456
17 476
18 477
19 481

20 477
21 479
22 486
23 478
24 479
25 472
26 479
27 457




Exanple 7 :

Test protocol

Thi s protocol

considered for treatnent with a particul ar asparagi nase.
sanpl e i swoakeseziom this patient and is treated convenPCoERRW/06479Dbt ai n a
serum sanpl e. Then the follow ng pr oc_ecl re is followed: (a0) optionally

in the serum sanple, or

i nactivation or renoval of any asparagi
enzymatic acggwvity (a)

measur enent

of thexg esi dug

ase present

i ncub

applies to a patient who is being

A smal |l bl ood

ati on of the sanple

with 0.1 to

5 TU g of as|

bar agl nase 1 oOr 4

{0 60 mn, (a-

) optionally

renoval of t
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ion at 3000-25000Qg
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from(a-i) for418 to 60 nmin wit

anount of ag

spar agi3ge, not 4

ably from10 toi620 ng/ m ;

(c) i

the m xture from
N a saturating
ncubati on, notably

for 3 to 20

m n, o3 the pj

eceding mxturgsa th the reage

nt system

(a- ket ogl ut 4

Tat e, ‘)’tﬁ\DPH, (

Futamate u'e'nyu4
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fallEalal

5 able to detect
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which co

itative eval uation
rrelates with the

presence or

t he coit ent off

aspar agi nase 4utrali zing fac

ors in the sanple.

It is possil

le to geterm i

e | evels or theashol ds of

| eve

s of residual

enzymati c aq

Ui Vi Tyggdependi

ng on whether gy, not stage (a-

) is included. In

a patient w
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ws mar ked

40

41

42

43

44

45

46

47

48

49

50

51

52

Control

480

Mean

473.02

Standard deviation

13.4

Mean - 2SD

446.22

Mean + 2SD

499.82

10

The mean activity measured for the 52 human sera is 473 IU/L the

standard deviation (SD) is 13.4 IU/L. The mean activity measured for the

sera is not significantly different from the control activity. All values are

comprised within an acceptable range: on the 52 measurements only 3 are

outside the confidence range of [mean — 2SD ; mean + 2SD]. The

distribution of the activity measured according to the serum assayed

indicate that L-asparaginase activity is not affected by the matrix serum

(figure 2).



presence of neutralizing factors, a replacenent treatnment using a different
form of asparagi nase is recormmended and applied. Notably, when the free or
nodi fi ed Wormaes23iskel y to be inhibited, the enzyme encapSuiratenci7ns
erythrocytes is recommended. The same ? otocol is applicable sinply for
testing the potential efficacy of an a ;Qaragl nase in the patient.Exanple 8
effect of Tmicheok therabsemeerofxensyrhatics pativdity s@meal atthumdry seraauREMEnt
Three hunman sera, nave tQ L-asparagi nase treatnent, were mxed W|th 7
L- aspar agi nd¥ENRBeeIAt Naiveorie Ef%@ﬁf@”ﬂ%s%d@qtmﬁﬂ)w?@ assgyedt {4t Fhunan

serum has n f n L-asparagi nase activity neasurenent. Sanples
wer e incuba?aeéé‘rbﬁélmgén%tag@l 37C and were centhfuged 10 m nutes at 1750Qg

at 4 1C. L-asparagi nase actlvity I s checked in the supernat ant. As a

1 | buf X PBS 4% BSA
concent 1 3t drible Rl auiranenhpLEaspag oSy ohrd Rt ShEBuaReq

L- aspar agi N3¢ -a&td ! Mésélt,léla%eﬁgded Lcondi ti on asparagi nase serum 246922
serum 25579 serum 25 800 685 783 7388 400 ND* 442 461 200 220 220

246 pure Serum Measured L-asparaginase activity (IU/L)

o
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Mean 0.88
Standard Deviation 1.27

With each of the 25 human sera assayed the L-asparaginase activity is
closed to zero. The mean activity measured is 0.88 IU/L and the standard
10 deviation is 1.27 IU/L. The maximum activity measured is 5 IU/L for serum
17 this basal activity signal is not likely to affect the measurement of L-
asparaginase activity as it represents 1 % of the activity measured for sera
mixed with L-asparaginase at a final concentration of 500 IU/L.



serum 100 10 1 125 122 50 30 76 72 25 19 37 33 0 0 O 3 800 753 802 851 400
407 455 463 200 2 18 236 244 buffer control 100 115 120 124 50 63 59 77 25
24 45 37 WOoQot0/d32315Not Determined No i nterference of hulram/EPee09064va3
observed on L-asparagi nase activity neasurenent (conpared with buffer
control: see Table 7 and Figure 1) .Ex le 9 : effect of patient serum
matri x on L-asparagi nase activity neasurenent and determ nati on of basal

activity of human serum Fi yty-two h n _sera, .nave to L-asparagi ngse
reat mont . derURIS S (RRIBTHOHS, B8 TLasPafainash.) SelHBENBRL i BFor 500
LI/ L to endfparhfiiadeUd@spikedPlyaanserant erference on L-asparagi nase
activity neasurenent. Sanples were incubated 15 mnutes at 37C and were

cent hf uged IOvorihumas sgra,1nabeyicat-aspecaginase geaaigienaswer hoglady ands:
w th e sarbieth B A AirareBir ek 5 Sneeiaibhs MRadllR eBEn T Bt aa i n
Table 8 100 pg/mL (1, 2, 5, 10, 20, 40, 80, 100 pg/mL). The anti-asparaginase IgG

were obtained as described in examples 1 and 2.

Then 500 IU/L of L-asparaginase was added. Samples were incubated 15

minutes at 37T and were centrifuged 10 minutes at 175009 at 4<C.

10 Residual L-asparaginase activity was measured in the supernatant. As a
control, buffer 1X PBS 4% BSA was used instead of the human sera pool.
Results are presented in Table 10 and Figure 3.



and in figure 2. Table 8 :

human sera with Lasparagi nase added at a fi nal

Measur enent of

| - aspar agi nase activity on 52

concentrati on of 500

(1'LI/ L) 28W020102523183 30 472 3 1 418 32 462 33 477 34 A7PC3EPAOB/08693142 37

464 38 464 39 489 40 452 4 1 475 42 {8452491 480 44 480 45 475 46 478 47 473

48 482

Table 10
dded control| Added anti-aspa f—daii‘;raginase E(;Zsr;l:riginase inhibition
gG (pg/mL) I9G (ng/mL) (u/L) activity (IU/L) (%)
100 589 0.00
537 0.00
0 -
534 0.00
518 3.00
human 548 0.00
pool 515 3.56
426 20.22
4 99.25
99.44
99.81
100.00
558 0.00
592 0.00
564 0.00
595 0.00
buffer 562 0.00
control 550 2.48
378 32.98
7 98.76
ND* -
99.65
100.00
* : Not Determine:

5 When L-asparaginase is mixed with increasing concentrations of anti-

asparaginase lgG (specific IgG), in human serum or buffer control, total




49 480 50 473 5 1 478 52 477 Control 480 Mean 473.02 Standard devi ation
13.4 Mean - 2SD 446.22 Mean + 2SD 499. 82 The nean activity nmeasured for the
52 human wenra10mes2333 | LJ/ L the standard devi ation (SD) PSTER2eD90baPY. The
mean activity measured for the sera is 2got_ significantly different fromthe
control activity. Al values are conpri'sed within an acceptable range: on

the 52 measuwsreyeidtie adtlvity Inkibitionubscute dthen d9Gf colrmemerationgs 20 giman - 2SD
; mean + 2SD]. The distr]bution of the activity neasured accordi ng@t o the

serum assayeiid Rghet BartighinhiDieR e H 1B 7XME S iXRE Wil el €8 by t he
T e uL A aZbatly IR b NBeRRP S 68 AT SEASRhENACS | LY ! 0N

I n human se era nave to L-aspdragi nase treatnent wére assayed
for |asapragspasaginase actiwty iJabt mhtitedveasur enent of | - aspar agi nase

tivit 5 .hul to L- ' t. t t Wth h of th
Sot L0 8 MR BoiBia. Sk SR ASES 4 SRABIAG WP AR S
mean act i Vi tgpiRRIYEEdeb adie8&ontokIgEth TASestoyndar d

To refine the inhibition reaction of anti-asparaginase IgG concentration

between 10 and 20 ug/mL on L-asparaginase activity, an experiment was
10 performed with IgG concentrations ranging from 8 to 22 pg/mL. As usual,

L-asparaginase is added to a final concentration of 500 IU/L. All the

samples were incubated 15 minutes at 37C and were centrifuged 10

minutes at 17500¢g at 4 C. Residual L-asparaginase a ctivity is measured in

the supernatant. The assay is performed with a human serum pool. Results
15 are presented in Table 11 and Figure 4.

Table 11
. Added measured T
Added anti-aspa L-asparaginase |L-asparaginase z':/h)'b't'on
(IUL) activity (IU/L) °
8 500 510 12.07
human 10 500 410 29.31
serum 12 500 08 83.10
pool
14 500 65 88.79
16 500 5 99.14
18 500 1 99.83
20 500 0 100.00
22 500 2 99.66

Total inhibition of L-asparaginase activity appears at an IgG concentration
20  of 16 ug/mL. Below 16 pg/mL, L-asparaginase activity inhibition is partial.



deviation is 1.27 11U L. The maxi numactivity neasured is 5 UL for serum
17 this basal activity signal is not likely to affect the neasurenent of
Laspar agiwae10a5e318ity as it represents 1 % of the acti PCIEPr@as7esl f or
sera mxed with L-asparagi nase at a fi r}qll _concentration of 500 |IU L. Exanple
10: Inhibition of L-asparaginase activity by antiasparagi nase |gG spi ked
human sera Two human sera, nave to L-asparagi hase treatnent, were pool ed

and spi ked with anti-asparagi nase | gG concentrations rangi ng between 1 and
100 ng/nL ( Hhe oppegite; yeag ,n4wa383?3tf@o Ay/fey. alieasharrORapar dgFnase 1 gG
were obtain [ I n a . e

L- aspar agi n%ﬁ%gggﬁgégs’%éau /‘I?ﬁt-éj's%’?gp%%@ﬂgétge%&%%m%%@ﬁg% rg%(ejdand wer e
centrifuged vith ni-aspamgatast’sdage@tatibnsCrargsg duam 1508s par H@f0tade)/lacti vity
was measured.in the supernatant. .a cont -« buf fer 1X PBS, 4% BSA was
loed | nebeadsHPIERCWBIBIICLRATS HeomIHES Rl 37 sl Hest ST HIORLIE 10 and
Figure 3.: NathuRed 81 1amsh YWee. Rarhal 0idassgihgsde@diMs MekBGieRRsi ng
concentrations of antiasparagi nase 1gG (specific 1gQ, 1n human serum or
buf f er cont rtbe supetndtaniz iesuits atcshawn \n Tablebia arth Figtcads at an i gG
concentration of 20 ng/nL and higher. Partial inhibition occurs when enzyne
Is mxed with 5 to 20 ng/nL anti-asparagi nase 1gG Below 5 ng/nL

anti - aspar agiams a2l gG Lasparagi nase activity is not inhibited. No
inhibition i d when |-asparaginase is incubated with no n specific

| gG (see adq @Addéd)G i n Tjatelded 10) . To [médsnmedt he i nmhb&iﬁhci“g)n reaction
of anti-aspa aht@sp=0 nc entlraspamginaed Wwednrasparagicis@ 0 r('%{' on

L- aspar agi na a§ (Hgaplblex péildent was | activity (IU/L)

13.64 0
13.64 500 36 93.00
13.64 1000 716 32.00
13.64 5000 5010 9.00
human
serum 13.64 10000 10780 3.00
pool
500 548 -
1000 1052 -
5000 5480 -
10000 11080 -
10
The more concentrated L-asparaginase is, the less the fixed IgG
concentration (13.64 pg/mL) inhibits its activity. A fixed quantity of anti-
asparaginase IgG inhibits a fixed quantity of L-asparaginase. Therefore, L-
asparaginase activity inhibition is dose-dependent.
15

Example 11: Test of 57 human sera from 17 patients treated with L-

asparaginase

To ensure the assay has the ability to quantify the neutralization of
20 asparaginase in a patient: 57 human sera sampled from 17 Acute
lymphoblastic leukaemia patients under treatment with L-asparaginase
were tested according to the test protocol described in example 7. The



performed with 1gG concentrations ranging from8 to 22 ng/nL. As usual,
L-asparagi nase is added to a final concentration of 500 ILJ/L. Al the
sanpl es vwoeoiomsediated 15 minutes at 37C and were cent hiPagam2@0/0m7o8t es at
17500y at 4C. Residual L-asparagi nase 3 ctivity is nmeasured in the
supernatant. The assay is perforned wi R a human serum pool. Results are
present ed i rsahables hkranchanguite differehabiime 1 bf Takatméemhidourseonand a

L- aspar agi nase activity appears at an |gG concentratjon of 16 ng/nlL. Bel ow

16 ng/nt, L- rﬁ@%%lﬂ&&%@ér%?éqtﬂah'-r@sﬁ%ﬁg'ﬂﬁﬁ@@HZY@GF?&“M%W&?W@”QHB@@MtPe
reaction Was\/etr ttﬁ&‘t tids 8%%&ﬁﬂm§;p?@§ﬁ@éaghcﬁ‘%ﬁ h&Guﬁﬁﬂ?fPe”mﬂt R tstl 3,64

nmg/ m. correspo ding to was m xed wt aspar agl nase
concentrati qrecedurgi ng from 500 to 10000 | UL Sanpl es were incubated 15

i t t C d t ut t 17 dual
e & nal 3G VeI e Mt e AP SO s e A B et iAion . ahoun
i Tabl e 12 suprl 5 i e TBLIBatkA THemiMRES GRNVORR| nainBlrdAsppAaginase i s,

the less the fixed I'gG concentration ( 13 ng/mL) 1nhibits its activity.
A fixed quarﬁaptayagjnamactastyam%thms@etegmnedmemneﬁrw ffitereal cepiaifitgatipnof

dose aependaned FEPiB6S t 7ARB3PREIAI el teler' BYEHS 4% BPL MRS (1 cat e

with Laspar &Qix@d&ﬁthTQ RpardEniddeans siagl bescdnatiahiof 509 1UL. qli'@élllﬂsfafret he
neutralization of asparaginase in a patient: 57 human sera sanpled from 17

Acut e | yAphdbEaetted in gk 23 98iqveand inifigete @r eat ment with L-asparagi nase

Table 13: Test of 57 human sera from 17 patients under treatment with L-
asparaginase

. Activity after Activity after A % of
. Initial | -\ itionof L | additionof L. | % °f inhibition |
Patient | Serum | activity - : without
(/L) asparaginase | asparaginase and centrifugation a_fter _
(IU/L) centrifugation (IU/L) centrifugation

Control 6 655 662 NA NA

1 2 551 515 15,88 22,21

1 2 2 440 342 32,82 48,34
3 1 559 518 14,66 21,75

4 2 658 655 -0,46 1,06

5 5 7 NA 441 NA 33,38
6 13 767 727 -17 1 -9,82

7 1 706 701 -7,79 -5,89

8 -2 724 716 -10,53 -8,16
9 11 692 731 -5,65 -10,42

3 10 2 680 666 -3,82 -0,6
11 1 711 733 -8,55 -10,73

12 1 754 711 -15,11 -7,4
13 2 726 730 -10,84 -10,27
4 14 2 664 744 -1,37 -12,39
15 15 804 667 -22,75 -0,76

Control 6 636 NA NA
16 1 690 516 -8,49 18,87

17 2 649 678 -2,04 -6,6

5 18 2 684 575 -7,55 9,59
19 ND 622 633 2,2 0,47

20 1 670 604 -5,35 5,03

21 1 609 583 4,25 8,33

6 22 1 659 519 -3,62 18,4
7 23 2 508 492 20,13 22,64
8 24 1 761 473 -19,65 25,63
25 0 633 608 0,47 4,4

9 26 4 705 524 -10,85 17,61
27 2 656 525 -3,14 17,45




were tested according to the test protocol

described in example 7.

Thesanpl es were taken at different tinme of treatnent course and a

measur enewo 20fo/osexsdual

verify that this activity is negligib_l_eé

L- aspar agi nase enzynme activity wa3/EPotId064768 t o

nd will

not

interfere with the

test procedure. 5 The sera were then ni"xed with L-asparagi nase at a final

concegntration @8 500 3 U/ [l andoswere|i ncubag2ed 15 m nut &st at rjoomz2,04
tenperature| The Lpsparagi naseo actilvity vesd then fdet epmuned |bef or,g5 an
after] a centriBagafi on step eio6 minutes b 7800 Fpm 4As a ¢ont g, bu
1X PBS 4% BSA was m xed M thebs asparagi nasye at a [i nalg ieoncentr af gon a
| LI/ L. ResullTSgare[ LU pr eSentggl 1 n|The Tadgg€ 13 DEI OWsgpd 11 T1 g€ O.
Tabl ¢ 13 : TesgzOf 57, MUTET §gga 1O 17 gt entS| Undggg T eat meRy g t1
Laspdr agi naseNgy—Not—gteterm ged NAT Not—Agpi T catt g A, e yanptgs t1a
r esi duat Ay MESe, act i vi whith—s negHgibte,—the highest—rpesid
act i Wty :&éMOI 25 U/:?_ ahd 5%1;! d—not int%?f e.?e w-th-the tgyt prNoAgedur
i S ﬁ$\| vl 3 % of thé!$ heodet r\:\|58§dded LL asn’élﬁéni nase. Gﬁae
It reapresents—Bhly 3 9% of the {heottetical P g
asparladi nase i 1 curégpfnr the hrﬁ@l?rnl i sl hi cfdet! t hd X
P g 9
(655, 636 amd 861 VK r=<pm595 vel for t9%8 3 control 9s(831rrlnar ed t38& he
| UL |that were3&xpect®d)| ThéOhercent age AP i nhibjtiof08f agpar dfPnasd
activity was c@9cul at®d pased@®n enzymati498activity mE®ired f ofd>ihe
contrjol. The f4@t [ ha? nunerd® vallues of446nhi bit] on -Pefent/age?Hb®
negatli vg,indicdte p btas|in B8 neasurenme¥6 procedur ed3dhe per cedage
i nhibition of AZpayags nase abt4vity is hiBer after c&htyifdygat RHrB
suggesting tha#d3the cegntrifu@gdion|step e®s el i m pat etB,done |i mbing’
conpllexes 44 1 705 570 -6,66 9,38
14 45 1 685 659 -3,63 -4.77
46 1 573 388 13,31 38,31
47 2 492 408 25,57 35,14
48 1 605 678 8,47 -7,79
15 49 2 571 355 13,62 43,56
50 2 725 275 -9,68 56,28
51 2 464 437 29,8 30,52
52 3 497 475 24,81 24,48
53 0 540 445 18,31 29,25
54 3 550 524 16,79 16,69
16 55 2 568 637 14,07 -1,27
56 1 595 379 9,98 39,75
17 57 1 709 585 -7,26 7
ND: Not determined
NA: Not Applicable
All the samples have a residual asparaginase activity which is negligible, the
5  highest residual activity is of 15 IU/L and should not interfere with the test
procedure as it represents only 3 % of the theoretical added L-asparaginase. The
asparaginase activity measured for the control is higher than expected (655, 636
and 661 IU/L respectively for the 3 control compared to the 500 IU/L that were
expected). The percentage of inhibition of asparaginase activity was calculated
10 based on enzymatic activity measured for the control. The fact that numerous
values of inhibition percentage are negative indicate a bias in the measurement
procedure.
The percentage of inhibition of asparaginase activity is higher after centrifugation
suggesting that the centrifugation step has eliminated some immune complexes
15  that were formed between asparaginase and anti-asparaginase antibodies.
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that were fornmed between asparagi nase and anti-asparagi nase anti bodi es. On
the 17 patients assayed 14 experience an inhibition of the asparagi nase
activity Wo20e0152318 present in their serum (figure 6). Peirgireoopasi’zents have
a percentage of inhibition above 20 % hut only three patients have a
percentage of inhibition higher than 40 % (figure 6). CLAIMS 1. A nethod for
predi cti ng whet her an asparagi nase can be active in a patient, wherein one

measures in yitro.,the presence of, factors that. tral, ze asparagi nase
Cetivity i n GBS I7osaBnE BRed 14 BeRed AT nRBER SN 68 SSAHdar ray
cont ai n sai chctigtyt bpl factorsg pfeaehioirs thedbsaiune dfijures)s éethhp gidtients. hae ahe

met hod according,.to clai.m.1. _whic ri m xi..n f said sanple with

ot d aspar agiraguc? dedishon B EE i Rionb e dEtetast SRR he

r esi dual 5actinhibitign biherthdn 48 pa(figgredse in the m xture, 0 and determ nation
or quantification of the presence of said neutralizing factors. 3. The

nmet hod according to Claim1l or 2, characterized in that the sanple is from
a patient currently being treated with an asparagi nase or froma patient
who has been treated with an asparaginase. 5 4 . The nethod according to
any one of Clains 1 to 3, wherein that neasurenent of the residual activity
of asparaginase in the mxture is carried out by adding, to said m xture,
asparagi ne and a reagent system suitable for assaying the residual
enzymatic activity. 5. The nmethod according to Claim4, conprising the
foll owi ng stages: o (a) incubation of the sanple with a known anmount of
sai d aspar agi nase;



(b) incubation of the aforesaid mxture with a known anount of asparagi ne;
(c) incubation of the aforesaid m xture with the reagent system suitable
for assaywogotds23iesi dual enzymatic activity; 5 (d) qualPCTaPRes/064793
quantitative evaluation of the [oss or %prntion of enzymatic activity,
which is correlated with the presence gr with the content of neutralizing
factors of said asparagi nase in the 6. The nethod according to
Claimb5, conprising, before stage (a), a stage (a0) of renoval or

i nactivation of any asparagi nase that may be 0 present in the sanple.7. The

met hod accordi ng A en&thad foropreiRBRE vwhdtder BETGPSrafiRdR &8 bedichl@yea(al) of
nmeasur enent of .  t he baseli ne content of, asparagi nase in the sanple. The

8.
met hod accorRAtRGLt ¥NeRIINoPNE) HIGASUILS dN 7Vitrgh BT RIeeeRCS figtafiorsy diadim i s
sensitive t mduraliaprapasaficasd achatamransampieoodf bisid, tolagmby esrumer

enzymati ¢ degradation. of par.agi ne_ .y asparagj.n . 9. The_ | d
aceorai ng « agapr g0 1A BRg e ST R R BRI RS PaeBr e B Mo um
i on quantit aaidphientl0. The net hod according to aim9, wherein the
qguantitative consunption of the ammoniumion is neasured by neasuring the
decrease in optical density of the mxture. 11. The nethod according to one
of Clains 4 Q-OThL@,m@/Fh% aéﬁﬁ'lddﬂgs_t@ h@aml 1.oWhifd ceavriseasmixing gof said
aspar agi nasesgm@ie Palifdi Bgidasiparaginass d imci¥ition of said mixture, then
measurement of the residual activity of said asparaginase in the mixture,
10 and determination or quantification of the presence of said neutralizing

factors.

3. The method according to Claim 1 or 2, characterized in that the
sample is from a patient currently being treated with an asparaginase or
from a patient who has been treated with an asparaginase.

15 4. The method according to any one of Claims 1 to 3, wherein that
measurement of the residual activity of asparaginase in the mixture is
carried out by adding, to said mixture, asparagine and a reagent system
suitable for assaying the residual enzymatic activity.

5. The method according to Claim 4, comprising the following stages:
20 (a) incubation of the sample with a known amount of said asparaginase;
(b)  incubation of the aforesaid mixture with a known amount of
asparagine;
(c) incubation of the aforesaid mixture with the reagent system suitable
for assaying the residual enzymatic activity;
25 (d) qualitative or quantitative evaluation of the loss or retention of
enzymatic activity, which is correlated with the presence or with the
content of neutralizing factors of said asparaginase in the sample.

6. The method according to Claim 5, comprising, before stage (a), a
stage (ao) of removal or inactivation of any asparaginase that may be
30 presentin the sample.



+ (2) a-ketoglutarate + NH4 + + NADPH + gl ut amat e dehydrogenase (catal yst)
glutamate + NADP+ + H2O 12. The nethod according to any one of the
pr ecedi ngwol2aioms231dhi ch conpri ses determ nati on of the pariEPatIdcLapacity
to respond (i) positively to treatnerlté\gith this form of asparagi nase or

p

(i1) not respond to it or (iii) only r ond inconpletely. 13. The net hod

according to, d ai | myr - A1 d (I he
deci si on t007t'r eat-me%é1 e&ﬁ\@? ecarr%tC 8%@5332%@ (;gt; h@?‘?@@b’%’a%?fﬁ%s_8@9]&_?35)’ he

met hod accordagg) (20 afiraeasurgmenthiof ihe dagelina sontest ot aspargiginasenia theci si on
to treat the lkent using this asparagi nase 15. The nethod according to

Claim 13, wherein the other asparaginase is an asparagi nhase included in a

bi ovector, preferably encapsulated in erythrocytes. 16. Method of treatnent
of an aspar &@i naskhes efshdd vecqairmpioogye b Ciaipat4 e, whidkaih thompageas: (A)

application of, the hod of .in _vitr ternation of. a patient. s capacity

FoF ¢ eapondisoias s FEATRLRE fid aPatdyRoEs o A0 auE i BRLLARidan Y fr o

or nodifi ed theremgymiatic Wegddadionatgispatsging by dspptagimase. ser um or deri ved

medi um t hat may contai n asparagi nase neutralizing factors, obtained from

said patient, is submtted to the nethod conprising mxing of said sanple

with said fdtns ofhea§irihagiacseeding de Ublaimoh WhicBappiayet arreactifehat
consumes the ammonium ion quantitatively.

10. The method according to Claim 9, wherein the quantitative
10 consumption of the ammonium ion is measured by measuring the decrease
in optical density of the mixture.

11.  The method according to one of Claims 4 to 10, which employs the
following reactions:
(1) asparaginase + asparagine — aspartic acid + NH4"
15  (2) o-ketoglutarate + NH;" + NADPH + glutamate dehydrogenase
(catalyst) — glutamate + NADP* + H,O.

12. The method according to any one of the preceding claims, which

comprises determination of the patient's capacity to respond (i) positively to

treatment with this form of asparaginase or (ii) not respond to it or (iii) only
20  respond incompletely.

13.  The method according to Claim 12, which comprises, for cases (ii)
and (iii), the decision to treat the patient using some other asparaginase.

14.  The method according to Claim 12, which comprises, for case (i),
the decision to treat the patient using this asparaginase

25 15. The method according to Claim 13, wherein the other asparaginase
is an asparaginase included in a biovector, preferably encapsulated in
erythrocytes.

16. Method of treatment of an asparaginase-sensitive pathology
in a patient, which comprises:



measur enent of the residual asparaginase activity in the m xture an
patient's capacity to respond (i) positively to treatnment with this form of

aspar agi nseeowo05¢31ts) not

and (B) treatnent of the pathol ogy by ans of this asparagi nase in
/ g% 1

(i) or by nmeans of another form of asp

17. ©Met hod
bi ovect or
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€ aspar agl nase refe rocytes encap

t he aspar agi nase.capacity for respondlng to treatment W|th a given form of
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(B)

17.

asparaginase (notably free or modified form), in which a sample of
blood, plasma, serum or derived medium that may contain
asparaginase neutralizing factors, obtained from said patient, is
submitted to the method comprising mixing of said sample with said
forms of asparaginase, incubation of said mixture, then
measurement of the residual asparaginase activity in the mixture
and of the patient's capacity to respond (i) positively to treatment
with this form of asparaginase or (ii) not respond to it or (iii) only
respond incompletely, and

treatment of the pathology by means of this asparaginase in case (i)
or by means of another form of asparaginase in cases (ii) and (iii).

Method according to Claim 16, wherein the other form

consists of a biovector including the asparaginase, preferably erythrocytes
encapsulating the asparaginase.
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