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di ssol ved or suspended in sqlg'é@ggnmiianﬂ-sﬁFR@ahbosieSa preci pitation
reagent. The invention furthernore relates to pharnaceutical preparations
conprising at |east one solid formof the above-nentioned antibodies in

preci pi t at ed gRaFdURE S theMSverliogpCi pitated crystalline or in dissolved or
suspended for‘ﬁr‘gﬁﬁ%mci pients and/or adjuvants and/or further
phar maceut i cdheanvention rejateditersoid famus obartibqdiex againsbthet BEFpespptoat i on of
solid forns i - EGFR anti bodi es according to the invention. Advances in
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exanpl e for specific imunotherapy or tunmpour vaccination. Therapeutic
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ing preparation, storage and transport, protein nmedi canents “are exposed
to nunerous eweRTENCE pradipitaticnereaghint Thedinvéstion turtheamore relates to
pharmaceutical preparations comprising at least one solid form of the
above-mentioned antibodies in precipitated non-crystalline, precipitated
crystalline or in dissolved or suspended form, and optionally excipients
15 and/or adjuvants and/or further pharmaceutical active ingredients, and to a
process for the preparation of solid forms of anti-EGFR antibodies

according to the invention.

Advances in the area of biotechnology have made it possible in the course

20 of the last 10 years to prepare a series of proteins for pharmaceutical

C- application by means of recombinant DNA techniques. Protein medica-

ments, such as monoclonal antibodies, are used, for example, in tumour
therapy, for example for specific immunotherapy or tumour vaccination.
Therapeutic proteins are larger and more complex than conventional

25 organic and inorganic active ingredients and they have complex three-
dimensional structures and numerous functional groups which effect the
biological activity of the protein or aiternatively can cause undesired
effects. During preparation, storage and transport, protein medicaments
are exposed to numerous exogenous influences which can have a stabil-

30 ity-reducing action on the protein active ingredient. It is therefore neces-

sary to study accurately the causes and mechanisms of the specific deg-
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order to b tabilise the protein, for exanple "throu I'tion of
certain stabilising adjuvants (see, forZxanple, Man- ning MC., Patel K, &
Borchardt R T. (1989) Stability of protein pharma- ceuticals. Pharm Res. 6,
903-918). The literature discloses nunmerous fornul ati ons of therapeutic

proteins. However, the requir nts of the i tion.of [aceuti cal
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Sui tabl e pharma- ceutical fornulations and stable forns of these novel
active ingreGeeticals. Bparm. {22/ 3918} a naj or chall enge. Cheni cal

i nstabig ities are distinguished by coval ent nodifications of the protein.
The primary structure of the protein changes through the breaking, new

formation or Therifterdtid disclebes hamepols frisationRofrtaatapelitic pedteing)- stance is
general ly corlr_]:g etely different in biological activity fromthe origi- nal,
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frequent_ phenonenon, particul'ar in tthe case of relatively |arge proteins.
2Fégci pitQat es datientreactions afsthe mifferehy pratsins)  apply aiready esfablighedgat es and

formed in nmechanistic terns by clusters of aggr es .Qr associates. By
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ceutical formulations and stable forms of these novel active ingredients
are therefore still a major challenge.

15 Chemical instabilities are distinguished by covalent modifications of the
protein. The primary structure of the protein changes through the breaking,
new formation or re-formation of chemical bonds. The newly formed sub-
stance is generally completely different in biclogical activity from the origi-
nal, native protein. Physical instabilities modify the spatial arrangement of

20 the molecule (the secondary, tertiary and quaternary structure) without

C destroying covalent bonds. They can be divided into denaturing, associa-
tion, aggregation, precipitation or adsorption. Physical instabilities are a
frequent phenomenon, in particular in the case of relatively large proteins.
Precipitates are the macroscopically visible equivalent of aggregates and

25 are formed in mechanistic terms by clusters of aggregates or associates.
By exceeding the solubility limit and due to precipitation, the flakes
become visible from a diameter of about 10 um through a light microscope
and from about 50 um with the naked eye. Protein aggregation can be a
reversible or irreversible process (see, for example, Cleland J.L., Powell

30 M.F. & Shire S.J. (1993) The development of stable protein formulations: A
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protein aggregation, deam dation, and oxidation. Crit. Rev. Ther. Drug
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Yield and purity of antibody activity. Journal of Immunological Methods 74,

385-393). On use of polyethylene glycol (PEG), by contrast, better results

15 are achieved (A. Polson, G. M. Potgieter, J. F. Largier, and G. E. F.

Joubert, F. J. Mears. The Fractionation of Protein Mixtures by linear Poly-

mers of High Molecular Weight. Biochim. Biophys. Acta 82:463-475,

1964).

20 Protein crystals are known from purification processes (downstream proc-
C essing), preferably of enzymes, and for the elucidation of the tertiary
structure of proteins by means of X-ray structural analysis (R. K. Scopes.
Analysis for purity: Crystallization. In: Protein Purification: Principles and
Practice, edited by R. K. Scopes, New York:Springer Verlag, 1997, p. 284-
25 301). The formation of new ordered intermolecular contacts between pro-
teins occurs here. This is a slow process, with reduced mobility. The con-

centration of the protein in solution is reduced in the process.

Although the literature describes the crystallisation of proteins with salts,
30 polymers and organic solvents as standard method for elucidation of the
structure of immunoglobulins (Harris L.J., Skaletsky E., & McPherson A.



teins occurs here. This is a slow process, with reduced nobility. The con-
centration of the protein in solution is reduced in the process. Although

tHe I terawg@g{gﬁﬁg bes the crystallisation of protei “%rd‘i‘éillloogﬁdﬁ 7

polymers a sol vents as standard nethod for el ucidation o
structure of imunoglobulins (Harris L.-H; Skaletsky E., & NtPherson A WO
2005/ 051355 PCT/ EP2004/ 012837 -4 C C 5 10 15 20 25 30 (1995)
Crystallization of Intact l\/bnocl onal Antibodies. Proteins: Structure,

008 o J1oEa CaykiaancR of JBG MdHoclahar Antibe S B RE IS St e | ody
Jour nal _of Wﬁg@)a@@ﬁ%ﬁ 285508 Per ST SRIGPE, AP L W &

Ander sen K. tructures’ of intact G anti bodi es.
| mmunoMet hodsof,A. 1999811 0yystallograplyistStructsrest dfcam bﬂaa:tr!g@dtMonomlonab( anpl e

T i o Aibody: darant oMol ST Bio oY 275, Be 812 Himunason Ay ant 1o ©
body mg ecul g, \Wye ré‘ér?Rﬂ‘g ggmaaﬁgﬁu&u aﬁnwéthg@s the

structural fl@xi I mMmuno e or Incor poration into

a crystal |atérit|b@di§2r ﬁnﬁluhbmﬂhédsm TYeR10J, @N@@tystélllééﬁd?h@ff intaet Aor (1999)
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addition, the risk of denaturing of the antibodiés during t
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Crystal |'i zat ilcabonatoap Reess, New York) In addition, antibody molecuies exhibit a
tendency towards aggregation, which likewise causes great difficulties in
15 crystallisation (McPherson A. (1999) Crystallization of Biclogical Macro-
molecules, 1 edn. Cold Spring Harbor Laboratory Press, New York). In
addition, the risk of denaturing of the antibodies during the crystallisation
process makes the crystallisation of therapeutic antibodies unattractive to
the person skilled in the art. Thus, only a few intact antibodies have hith-
20 erto been crystallised for structural elucidation and only three antibodies
C have hitherto been crystaliised on a preparative scale. Thus, the immuno-
globulins listed in the Biological Macromolecule Crystallization Database
(Gilliland, G.L., Tung, M., Blakeslee, D.M. and Ladner, J. 1994. The Bio-
logical Macromolecule Crystallization Database, Version 3.0: New Fea-
25 tures, Data, and the NASA Archive for Protein Crystal Growth Data. Acta
Crystallogr. D50 408-413.) which have already been crystallised are prin-
cipally Fab and Fc fragments.

WQ02072636 describes antibody crystals, which, however, are prepared
30 in a complex process with inoculation and using detergents, which should

be avoided as far as possible in pharmaceutical formulations, and adjuv-



(Glliland, G L., Tung, M, Blakeslee, D.M and Ladner, J. 1994. The Bi o-
| agi cal Macronol ecul e Crystallization Database, Version 3.0: New Fea- tures,

Ddat a, and the SA Archive for Protein Crystal Gowth t
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detergents, which should be avoided as far as possible in pharmaceuti cal
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di fficult fonwidreoressenit skelkbefomthisithattiestnsreqrestmabiysatbdston processes
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structural flexibility. It was |ikew se unattractive to the person skilled
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t herapeutic anti les since, in particular, irreversible denaturing was to
expeld ed. bbuiesis) exttenudly difficylt fordhe persamskitbed wethet ank aat @rgstallisa: nd

ble forns, for exanple precipitates or crystals, for therapeutic
proteins, in {PRrRPEEFSHS @ﬁ?lpseéHgm?s‘,‘te%uf%‘&@x’iqiera%‘?'ﬁdctgc"lj{l\‘ Wikt ai ned

ment | oned abayipogjesXihBig g paRFeRHE hBCBRRINBE HBSIERERAORN, Conoy
be applied t antibodiespwith eespetto pemary, secondary and tertiary structure, glyco-
sylation and structural flexibility. It was likewise unattractive to the person
15 skilled in the art, for the above-mentioned reasons, to prepare precipitates
of therapeutic antibodies since, in particular, irreversible denaturing was to

be expected.

The object of the present invention was therefore to find stable forms, for

20 example precipitates or crystals, for therapeutic proteins, in particular anti-

C- bodies, so that their efficacy is retained during preparation, storage, trans-

port and application. Since, as mentioned above, already established
protein formulations generally cannot be applied to novel protein active
ingredients, it was a further object of the present invention to find novel

25 stable formulations for monoclonal antibodies against the EGF receptor,
for example Mab C225 (cetuximab) and Mab h425 (EMD 72000). Although
formulations comprising Mab C225 (cetuximab) or Mab h425 (EMD 72000)
are disclosed in W0O03053465 and WO 03/007988, the formulations dis-
closed in WO03053465 have, however, a relatively low protein concen-

30 tration and they are not long-term-stable at room temperature, and the
formulations disclosed in WO03007988 likewise have a relatively low



ingredients, it was a further object of the present invention to find novel
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W9300807 and W9822136, but significant disadvantages of |yophilised
preparations consist in that the user has to reconstitute the |yophilisate
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preparation before use. Since a further preparation process is added
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vourable with respect to additional work for process development {(ensur-
ing the stability during lyophilisation), preparation (preparation costs and
duration) and, for example, validation.
15

The object of the present invention was thus to find solid forms and for-
mulations for above-mentioned antibodies which have increased stability
to stress conditions, such as elevated temperature, atmospheric humidity
and/or shear forces, and comprise no toxicologically unacceptable adju-

20 vants.

Summary of the invention

Surprisingly, it has been found that solid forms of the above-mentioned
antibodies can be prepared and these solid forms and formulations pre-
25 pared therefrom do not have the disadvantages mentioned in the prior art.
The solid forms of anti-EGFR antibodies according to the invention
described below and/or the formulations prepared therefrom are distin-
guished, surprisingly, by one or more advantages selected from: high sta-
bility, controliable particle size, native and biologically active protein after
30 re-dissolution or resuspension, high purity, absence of pharmaceutically

unacceptable agents and thus high safety, good tolerability and possibility
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in a suitable buffer system, i.e. stabilisation of the reaction solutions by
further adjuvants, such as, for example, detergents, is not necessary. The

15 use of detergents in preparations for parenteral administration should
generally be avoided or minimised since they cause a not inconsiderable
toxic and immunogenic potential (Sweetana S. & Akers M.J. (1996) Solu-
bility principles and practices for parenteral drug dosage form develop-
ment. PDA J. Pharm. Sci. Technol. 50, 330-342) and they can also result

20 in a change in the secondary structure of proteins (Vermeer AW.P. &

C Norde W. (2000) The influence of the binding of low molecular weight

surfactants on the thermal stability and secondary structure of IgG. Col-
loids and Surfaces A: Physicochemical and Engineering Aspects 161, 139-
150). Thus, the resultant solid forms of anti-EGFR antibodies can be used

25 directly in medicaments, and further purification for the removal of
pharmacologically unacceptable agents is not necessary. By contrast, the
crystals obtained in W002072636 have to be freed from pharmacologi-
cally unacceptable agents, for example CHES, imidazole, TRIS, manga-
nese(ll) chloride, zinc(ll) chloride, copper(ll) sulfate, 2-propanol, 2-

30 methoyl-2,4-pentanediol, HEPES, lithium sulfate, ethoxyethanol or deter-

gents, such as polysorbate 80 or 20, in a complex process or it is even
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or organl C SO ano UI’ES t

Sur pri singly of bbrthi#ﬁpr’@@mafléﬁ fﬁda@é‘r&é sbiét:té@frbm ﬁﬂ?ﬁ%r@fpréfﬁrablﬁ%ﬂfant i bod-
I es, 1egzerabl of nonocl onal anti-EGFR anti bodies, particularly preferably

25 (etilaﬂeste ghisp! (REGhisaiisoprefenably anomniumrsuifate, iaraanis sei-
rrents t here t he ording to the invention are
pre?erabl y ngPP&e pé?offbaéqabl ﬂ“%’i% ?ftmﬁq}u%ﬁzﬁ%r?eg?pre:‘ e?abl y obt 1’3.I xed : n a high

Surprisingly, it has been found that the solid forms of anti-EGFR antibod-
ies, preferably of monoclonal anti-EGFR antibodies, particularly preferably

15 of Mab C225 (cetuximab) or Mab h425 (EMD 72000), and/or variants or
fragments thereof, obtained by the process according to the invention are
preferably native after redissolution and are preferably obtained in a high
yield.

20 The invention therefore relates to solid forms of anti-EGFR antibodies
C and/or variants or fragments thereof which result in biologically active

antibody protein through dissolution or suspension in aqueous medium,
obtainable by precipitation of the antibody and/or one of its variants and/or
fragments dissolved or suspended in aqueous medium by means of a pre-

25 cipitation reagent seiected from polymers, preferably polyethylene glycol
(PEG), salts, preferably ammonium sulfate, or organic solvents, preferably
ethanol, or mixtures thereof, in the presence of a suitable buffer, at suit-

able pH and suitable temperature.

30



yield. The invention therefore relates to solid fornms of anti-EGFR

anti bodies and/or variants or fragnents thereof which result in

bi' ol ogi cal anti body protein through dissoluti ion in
aqueous negy%ﬁ{%’b%lg? i nabl e by precipitation of the ant :i]lbhgimﬁ&aﬁgér}%one of
its variants and/or fragnents dissol ved or suspended in aqueous nedi um by
means of a pre- cipitation reagent selected from polyners, preferably
polyethylene glycol (PEGQ, salts, pref erably amroni um sul fate, or organic
sol vent s, d%bhx R@ RY, .' tures thereof, in the presence of a
sui tabl e buf < itabl e tenperature. WO 2005/ 051355
PCT/ EP2004/ O#Mx re&s.gn Cs&.d%rﬁaé F@nZntSPGFR BAfiBEdPhcaditlingBsitReant i bodi es:
The expre55|on so id fornms of an anti-EG-R anti body accordln to the

i nvention" i snyentioef ésaprgeferabhmtakenri@memmcmltaae%er arystaigm?'sramltch resul t
in a b|olog|call act| apti bo di ssol.ution or suspension in

h
aqueous or iologira ﬁ?r?ng%ﬁ’ﬁsﬂ[r}re %déﬁ?P ttﬂ”n%f $4PEABIS Dent i on are
obt ai nesd by r%%gbggroghbg eotug_efn%@ip body di ssol ved or suspended in an

aqueous nedi u n accordancte Wwt e process described below. The solid

forns accor dlStgldtformbmcconcbng to ittos imamtion are dbiteinedh yngrevipitatiogest. the
Precipitates: For the purposes of the present invention, the term
preci pi t at es andibpdyk «dissaive rsusgended dpnan ﬁﬁl“&ﬁuﬁrfﬁ?‘é‘%'hﬁ" ASROEaNSLal | i ne

pur poses of (A" bRagekess sBRRARTBEloRL THE BOH Fims kRt Angue helnelE. <o g

forms in a crtmt@d bén mermtanqenm@amgégl | i ne structures can be detected
using t fol | owm ng processes. precipitated: for the purposes of the present

C/entl , the term precipi-
Precipitates:
For the purposes of the present invention, the term precipitates is taken to

mean solid forms in an amorphous non-crystalline structure or aggregation

and association states.

15
Crystals:
For the purposes of the present invention, the term crystals is taken to
mean solid forms in a crystalline structure.
Crystalline structures can be detected using the following processes.

20

C precipitated: for the purposes of the present invention, the term precipi-

tated is taken to mean solid forms according to the invention in precipi-
tated form, i.e. in the form of a precipitate or crystal, depending on the
process conditions.

25

precipitated crystalline: for the purposes of the present invention, the term
precipitated crystalline or crystalline is taken to mean solid forms accord-

ing to the invention in an ordered crystalline structure.

30 precipitated non-crystalline: for the purposes of the present invention, the

term precipitated non-crystalline is taken to mean solid forms according to



tated is taken to nmean solid fornms according to the invention in precipi-
tated form i.e. in the formof a precipitate or crystal, depending on the

process coagi]%uiogﬁﬁ?‘ﬁzo precipitated crystalline: for th%d%ﬁlﬂ 1 ._,é_;’t, t he

present inv e term precipitated crystalline or crystalline is
taken to mean solid forms accord- ing t®Jthe invention in an ordered
crystalline structure. precipitated non-crystalline: for the purposes of the
present invention, the termprecipitated non-crystalline is taken to nmean

35 the | nvendiRVRERYT ASTEN At uselitn svepllfed b ddmaetfiniantl i on and

associ ati on gkab@atiodsafesved: for the purposes of the present invention,
the termdissolved formis taken to nean solid forms according to the
i nvention which are dis- solved or redissolved in a solution according to

the invention. sus ded: the ter uspended formis taken to meagn solid
forms " accor AISSEIERE e HERes e OLPE Arosed IoySinidee Bt us8aliBded i n' a
sol u- 3 on a¢set (& fafleh fo Wi SHIRIYONAR ackBfding fo iﬁQéﬁ?or?@vhﬁéPﬁaﬂeWﬁ@nt!on’
aqueous nedium 1s taken to nean water or xtures of water with suitable
i nert sol ventsshaddraebssobgenns sotation aneording ©<dhepheerttjorsuch as, for

exanpl e, buffers, stabilisers or adju- vants, having the property that
aqueous nedia according to the invention do not on their own result in the

precipitatio | i Lt -'ﬂﬁ.}%ad
precipitati o%l'lg eﬁ&é(cﬁitgﬁla k%@g lﬂ%%@fﬁﬁ&ﬁ%&ék&ﬁi@ﬁﬁﬁﬁ%&% addi ti on of
preci pi t at i omceoatyegtictrciaventicrgwhich dre suspentiedr résuspemeedun pastg- of the
inventi(aﬁ, "non- aqueous nediunt is taken to mean oils or mxtures of oils
mt h walter ortioptacserding tafheinvestionsol vents and other agents mentioned in
anpl e 1, such as, for exanple, stabilisers or adju- vants, having the
property that non-aqueous nedia according to the invention do not alone

result in thEdpres pRipcdesT tiké irfiiantibal tddiRibus tédiupl§s taken to mean
water or mixtures of water with suitable inert solvents and other agents
mentioned in Example 1, such as, for example, buffers, stabilisers or adju-
15 vants, having the property that aqueous media according to the invention
do not on their own result in the precipitation or crystallisation of the anti-
body, but instead precipitation or crystallisation only takes place through
addition of precipitation reagents according to the invention.

20 For the purposes of the invention, “non-agueous medium” is taken to mean
C oils or mixtures of oils with water or other suitable inert solvents and other
agents mentioned in Example 1, such as, for example, stabilisers or adju-
vants, having the property that non-aqueous media according to the
invention do not alone result in the precipitation or crystallisation of the
25 antibody, but instead precipitation or crystallisation only takes place
through addition of precipitation reagents according to the invention.

With respect to the anti-EGFR antibodies according to the invention and
for the purposes of the present invention, the terms “biologically active”,
30 “native” and “effective’ are taken to mean that anti-EGFR antibodies

according to the invention are able to exert their biological effect even



anti body, but instead precipitation or crystallisation only takes pl ace
t hrough addition of precipitation reagents according to the invention. 30

Wth respe@to ioﬁs@ﬂgssant i - EGFR anti bodi es according to t%T’flﬁ?@d:ﬁoil%7 and for
S0) a

t he purpos present invention, the terns "biologic y active",
"hative" and "effective" are taken to mdhn that anti-EGFR anti bodi es
according to the invention are able to exert their biological effect even WD
2005/ 051355 PCT/ EP2004/ 012837 -11 C C5 10 15 20 25 30 after conversion

or resuspens ST SPAVSAIA Sl Bung Rtbldfe 1 e hPeRfof di subseL poP Ot O
bi ndi ng of | iggapeeedissdlRir dcidsabp&tdiontia garicligHthe bpding toEGPR, in

particul ar inhibition of EGFR-nedi ated signal transduction and prophylaxis

or therapy ointiigtenofthebisding etligands, impadiculas HGF, tostheFGhRf a1oskr d
reparation of.crystals pf .anti- ECGE | bod- .| es. according.to the invention
\R/as IOt her ef or gatm er Ba'ﬁgu%[ﬂ'g@bg'&msqfﬁgﬁE}FH]P-Q'%%@F@?agﬁﬁ@%%tvnhéﬂi a strong
tendendy towarglsh § 89 MdraPy oMEIGHR-medisfeddigeagss. i ncorporation into a
crystal lattice re difficht or even prevents it (MPherson A (1999)

Crystallization of Biological Mcronole- cules, 1 edn. Cold Spring Harbor
Laboratory Press,. New York In spite of. the difficulti be expected
for the persmpﬁﬁ!thf%dsﬁrﬁ'g%‘HEf‘%ﬁrg F?fﬁPP'F?éloé‘rQ?ﬁ%ﬁt?{ﬂ ?fﬁltﬁ'éé‘_ﬁaﬁﬁ?c?%‘ogji es
according_t 0 ddacddnifidoie MddHlionQyadthePLRIE NBPRY bd eRpEdelinmgRAe Ly Wi th
respect to the proterff structure, glycosylatron and structural segnental
flexibility, bodes geridrally haveatstivrdytengenceowards @goregdtione sehi¢rs ar e,
surpri sirqngl y, achieved by neans of the process according to the invention.
Es hi(jI st anakesyorgeredhincpeaiationinte a&yslal latticmore slifiedlt gt ewedi ng to t he
ention is %é

shape and parpt e égi}ﬁ%(ﬁg%g%@fgn#ﬁﬁ%w%ﬁ%ﬁég%ﬁ%@ragggﬁ antcgc?nl}g élt | \(/:\AI '?h
cules, 1 edn. Cold Spring Harbor Laboratory Press, New York). In spite of
the difficulties to be expected for the person skilled in the art in the crystal-
lisation of antibodies according to the invention owing to the above-men-
15 tioned inhomogeneity with respect to the protein structure, glycosylation
and structural segmental flexibility, even within an antibody species,
excellent results are, surprisingly, achieved by means of the process

according to the invention.

20 The high stability of the resultant crystals of antibodies according to the
c invention is also characterised in that neither a change in the particle

shape and particle size spectrum, which would be regarded as crucial with
respect to immunogenic side effects, nor changes in the primary structure
or secondary structure of the protein occur. The process according tc the

25 invention thus offers the advantage that the particle size of the resultant
crystals is preferably controllable and stable three-dimensional crystals
are preferably obtained. The crystal size can be in the um and nm ranges.

anti-EGFR antibodies: anti-EGFR antibodies according to the invention

30 are preferably monoclonal and of murine or human origin; they are par-
ticularly preferably of murine origin and are chimeric or humanised. The



respect to i nmunogeni c side effects, nor changes in the primary structure
or secondary structure of the protein occur. The process according to the
i nvention thus offers the advantage that the particle size of the resultant

crystals ia’(f)f‘ﬁg’ﬁﬁl%y y controllable and stable three-di %ﬁlﬁﬁﬁhlfﬂ%ySt al s
y o

are preferab ained. The crystal size can be in the pmand nmranges.
anti - EGFR anti bodi es: anti-EGFR anti bodilds according to the invention are
pref erably nonocl onal and of nurine or human origin; they are par- ticularly
preferably of nurine origin and are chinmeric or humani sed. The WO

/ ! / - 0. 20 2 0 | [ d
20ai nst  the AOUBRREANSFIeD ALRRSHING SRR Lo R TR QRN [ EERR o 1y
preferably N?@pﬁ%ég&wre@raﬁ@?msb ABs étimEbor RBH42 pI72080) ant s or

fragments thereof. ther a odies directed against EG-R are descri bed,
for exanpl e, and/dERabiagEOG2ragrients theraddt FurtiGamardibodiesdiredtedagadtst 27- 33

(Mab 528). 25 (cetuximb. Erbitu)Ti"): C225, ( imab) is a
clinically ﬁf%\%‘ﬁﬁﬁr - 'i%’ﬁ?fBP‘ﬁdi" EB Qﬁ%&ﬁﬂi%ﬁmﬁ% (ﬁm}e@%
(cetuxigrab) i | B 97 ' whose vari abl e regions are of murine
origin and m%tsgg%gn%?g@?%%%}é&re of human origin. It was described for
the first time by Naranura at al., Cancer |nmunol. |nmunotherapy 1993, 37:

343- 349 and_in WD _96/40210 Al. [\/B.bmh425 §CEND 72000) : Mab h425 ﬁEND 72000)
is a humani s a (MabC2h (ceheamebdis @ glinigally ne

5
At i body wan PO adtkey MiBn Eis o the BaR thbtael Mg 22 TRMEaRN3L, s nce
it binds her gs h@hffleri€5htiB6®) Whbsé vaRabletegfinstdte cfrhdieidBligiershd h fact or

receptor. (EGFR). It has beéen found that it inhibits the binding of EG-
&rt hytGet amhosegsmstant regionasee of hpmansoriginolt wasriesicsibed dortherfirstal | gnant

s TRl b Nara Ol S5, G TR HhrhuhSRery 1608 33801 © 2ctive

349 and in WO 96/40210 A1.

Mab h425 (EMD 72000): Mab h425 (EMD 72000) is a humanised mono-

15 clonal antibody (Mab) obtained from the murine anti-EGFR antibody 425
(Mab 425) (EP 0531472). The murine monoclonal antibody Mab 425 was
developed in the human carcinoma cell line A431, since it binds here to an
extracellular epitope of the epidermal growth factor receptor (EGFR). It
has been found that it inhibits the binding of EGF {Murthy et al., 1987).

20 Increased expression of EGFR is found in malignant tissues from various

© sources, and consequently Mab 425 is a possible active ingredient for the

diagnosis and therapeutic treatment of human tumours. Thus, it has been
found that Mab 425 mediates tumour cytotoxicity in vitro and suppresses
tumour growth of cell lines of epidermoid and colorectal carcinomas in

25 vitro (Rodeck et al., 1987). In addition, it has been shown that Mab 425
binds to xenografts of human malignant gliomas in mice (Takahashi et al.,
1987). Its humanised and chimeric forms are disclosed, for example, in EP
0531472; Kettleborough et al., Protein Engineering 1991, 4: 773-783; Bier
et al., Cancer Chemother Pharmacol. 2001, 47; 519-524; Bier et al., Can-

30 cer Immunol. Immunother. 1998, 46: 167-173. Mab h425 (EMD 72000) is a



di agnosi s and therapeutic treatnment of human tunours. Thus, it has been
found that Mab 425 nedi ates tunmour cytotoxicity in vitro and suppresses
tumour gro | lines of epidernoid and col orecta ' in
vitro (Rodgétmg%mégs, 1987). In addition, it has been shg\%zéptsﬁdéﬁ’%z) 425
bi nds to xenografts of human nalignant-##i-omas in nmice (Takahashi at al.,

1987). Its humani sed and chineric forns are disclosed, for exanple, in EP
0531472; Kettleborough et al., Protein Engineering 1991, 4: 773-783; Bier

i SR PG G p SRS o™
2005/ 051355 RaRTRONMEREPRBNA tochrfgubsl@edorof &:amp) (95 1a@nBEaPYDI | Sher s,

Anst erdam They can prepared, in particular, nown reconbi nant DNA
t echni ques ( Manocianal extibpdies dag a8 bedsoiatedvivomgragsl antitddydibirases,an al so

be isolated from phage anti bady_lLibraries, or ex I ith the aid of the
t echni ques dé%‘&’ﬁ%ﬂgi\'ﬂﬁdthﬁﬁa&ﬂﬂ?ﬁ {ea?'n'qttﬁﬁat{%,geagg. s§9t@991)) and
Marks @& al. .Bbgl ; 9 Varia .nd fragnents:
vari ants (wt(lgléwggb%?z'ggt@szgaﬂaggqgﬁaendsﬁaﬁgéﬁl ﬁ‘gkm?lépgc{|'é3§giﬁ?ei ns, for
exanpl e thosg-5¢#(dB9¢Hn be obtai ned by nodification of the primary sequence

(am no acid sequence), by glycoengineering (variants of the glycosylation
sites or structures, also deglycosylated pro- teins), by PEGylation, by

preparation Mér%ﬂ?é éri\c?fqahgﬁ%n&‘?)alr' nt¥ é(teﬂ{sggﬁ ﬁn{iﬁ&?\gg‘iﬁﬁtru RIh@Pt S
according to are not restricte ere"to the apove ‘exanpl es,
but instead rrglatatfigrotéinsVviariexamplethcratwitierican Reoistathed thriodifidgionnvent i on
whi ch a|re known to the person skilled in the art. Fragnents (partial

ent ) o lc;éme agmsm@meg@nag@_asﬁm@cgﬂ. %gwco?a@ineer_n@@t ai ned, f or
o asmi o or byviiia ek AR beSeRLSEShes B Yeluiet e ceqir@ii@elorBree: i ng.
Typi cal part ighsy 9 PEEGH bR, by Prefaratih th modfidd Nst defiglor byathe? fragment,

t he nmonoval ent Fab“fragiment and the Fc fragnent.
techniques. Variants according to the invention are not restricted here to

the above examples, but instead include all variants of antibodies accord-
15 ing to the invention which are known to the person skilled in the art.
Fragments (partial segments) of antibodies are cleavage products of anti-
bodies obtained, for example, by limited enzymatic digestion with the aid
of papain, pepsin and plasmin or by preparation of the partial segments by
genetic engineering. Typical partial segments are, for example, the biva-
20 lent F(ab’), fragment, the monovalent Fab fragment and the Fc fragment.
C (Lottspeich F. , H. Zorbas (ed.). Bioanalytik, Heidelberg; Berlin. Spektrum
Akademischer Verlag GmbH, (1998) pp.1035). Fragments according to the
invention are not restricted here to the above examples, but instead
include all fragments of antibodies according to the invention which are

25 known to the person skilled in the art.

Pharmaceutical preparation: the terms pharmaceutical formulation and
pharmaceutical preparation are used synonymously for the purposes of

the present invention.
30



(Lottspeich F. , H Zorbas (ed.). Bioanalytik, Heidelberg; Berlin: Spektrum
Akadem scher Verlag GrbH, (1998) pp.1035). Fragnents according to the
i nvention are not restricted here to the above exanpl es, but instead

i ncl ude al {yd fagpEdss of antibodies according to the ingeRigmpiiah are
known to the person skilled in the art. Pharmaceutical preparation: the

terns pharmaceutical fornulation and T:)P] rmaceutical preparation are used
synonynmously for the purposes of the present invention. WO 2005/ 051355
PCT/ EP2004/ 012837 -15 C C 5 10 15 20 25 30 As used here, "pharmaceutically

tol erated" reg| ”PFSH 2538 ' hpients,
adj uvant s, s'?' ggjl%’asiér}g : soﬁ? @gﬁggﬁ%ﬂy@ﬁgw g@?ﬁ@&vﬁgﬁgﬁé‘ﬁ@g@e t he
admi ni strat i pitatibn réeggriterexpirentsc adjuparisastebilisersissoiEnis med dther efromto a
manmal w t hout undesj red ﬁ&)‘él ological side effects, such as nausea,

di zzi ness, dAgests waich ey the administration eithgRharaaegtticaliPreP@ar at i ons
cuhytiri & andtPas SBIhEd rfim e b fwih G Urndeiigh rrisid Saeafe V) of

the adjuvant sffesp) syuetl agmdusbal digzipessedigestiiciolem$er e Bkergl y, solid

forms of anti-EGFR anti bodi es according to the invention preferably have
the advantage that direct use is possible, since the precipitation reagents

steps 1 or 1 i POAGOER el BPRL AR A7 Fo SR aoh W Relbh dBRr R A uch as. for
exanpl e, hi gheGQRGREH Ok isdtenibity, @ubgaIS anel teREBIli AN kaRty bPHedRl-00i cal |y
unaccept abl e adjuvants, are unnecesSary before wuse of the solid forns

according to nnurlaticbm(/lemtbninity); op_tm a@jueamﬁsmplpgeﬂmndldtﬂn@psimam_e preparation
O O R R 2R L B ad Y
s deFL:SLgng{i@}eeﬂtiﬂncﬁre@rﬁﬂym&vbttﬁeia?ivéﬁfé?;e%ﬁf 8iré&! WseSis BosBldfe, dindE- savi ng
the precipitation reagents used are physiologically acceptable agents and
thus further purification steps for the removal of toxicologically unaccept-
able agents, such as, for example, high concentrations of organic solvents
15 or other toxicologically unacceptable adjuvants, are unnecessary before
use of the solid forms according to the invention in pharmaceutical formu-
lations. The preparation of solid forms of anti-EGFR antibodies according
to the invention with preferably simultaneously a high yield of native and
pharmaceutically acceptable protein of high purity is thus preferably sim-

20 ple, time-saving and inexpensive.

The invention therefore also relates to a process for the preparation of a
solid form of an anti-EGFR antibody according to the invention and/or one
of its variants and/or fragments which resuilts in biologically active antibody
25 protein through dissolution or suspension in aqueous medium, character-
ised in that the antibody and/or variants and/or fragments thereof dis-
solved or suspended in agueous solution are precipitated by means of a
precipitation reagent, and the precipitation product is separated off. The
precipitation reagents used in the process according to the invention are

30 preferably polymers, particularly preferably polyethylene glycol (PEG),



The invention therefore also relates to a process for the preparation of a
solid formof an anti-EG-R anti body according to the invention and/or one

of its var] r fragments which results in biologi L.ye
ant i body 0§?’&£?4?r ough dissolution or suspension in %&&@I{}Jﬁ@@é%%m
character- ised in that the antibody an@#er variants and/or fragments

t hereof dis- solved or suspended in aqueous solution are precipitated by
means of a precipitation reagent, and the precipitation product is

eparated off. The e' itati.Qn reagent n the. e accordn to
fhg i nvent i ol eparB ?éi’%t?f%rﬁ)’w muB‘i\?‘f feﬁad %rrcprgamc&cg SS Aol yelt hgl ene
gl ycol (PEG) tm‘}ﬂgﬁgﬂ%&g@,g%gﬂ/ EP2004/ 012837 -16 C C5 10 15 20 25 30

salts, particu abl'y ammoni um sul fate, or organic solvents, par-
ticul arl y preferably ethanol. A solid form of an anti-EGFR anti body

Feagent & acc Ay SRYOND 6198 AHPERAR APURGN ACARRH{ORRBRYRIEN GAEPR T abl y
Contonty at | ok TP %Wﬁﬁ‘ﬁ%s%ﬁ'f?@ﬁ%ﬁﬁﬁ@! HoRhgle o el '

wei ght of 20@hdéHliopeq.in Bxahwriall| preféfably po%é&‘@osuqhﬁas panloatdrw preéf er abl y
400- 8000; salts, such as particul arl preferably amoniumsulfate in a

concent r at i o@raRly polyeinyeng gisel (REGE in 3tcﬁ’ﬂ§e@ﬁfaﬂ|%9%ir@m|011é°(,9(9rﬁ:ént ration

g];t gs; | 3m5pm‘g}\ha %ﬂhﬁggcéc‘}gﬁ%é‘%&é%@%ﬁgélg%aigqﬁ%@agbﬁ%%&e& %@9 ér ildg :VIn

a concentrat 't@QO(UOd b@f’ﬂd@ﬂérl)l Qre‘ﬂerébM 406-BHooMsahs uchead PadicORifiyent rati on of
from 0 to 6.1 M di potassium ydrogenphosphate in a concentration of from

[ 8 e sl ok s b G arbme o
ethanol in a?%tgﬁ%}ﬁ‘%raﬁ b copee rﬂt'%"%@/ (3%}}” ﬁ'ﬁ% ‘%H’Edr@{ﬁ ané
" e o 011 e i et Semevear
0.1-1.2 M, potassium chloride in a concentration of from 0.1 to 4.7 M,
sodium chloride in a concentration of from 0.1 to 6.1 M, dipotassium
15 hydrogenphosphate in a concentration of from 0.1 to 3.0 M, disodium
hydrogenphosphate dihydrate in a concentration of from 0.1 to 0.5 M, or
organic solvents, such as particularly preferably ethanol in a concentration
of 0.1-99.9% (v/v), or mixtures thereof, and adjuvants, buffers and/or sta-
bilisers, to a solution comprising antibodies according to the invention in a
20 batch method, and incubating the mixture at pH values and temperatures
C mentioned in Example 1. To this end, defined volumes of stock solutions
comprising the precipitation reagents, adjuvants, buffers and/or stabilisers
mentioned in Example 1 in defined concentration are advantageously
added to a solution having a defined concentration of EGFR antibodies
25 (from 0.01 to 150 mg/ml, preferably from 2 to 100 mg/ml, particularly pref-
erably about 5-20 mg/mi), as cbtained in its preparation, and optionally
diluted with water or buffer (for example citrate or phosphate buffer, in a
concentration of from 1 mM to 200 mM, preferably from 2 to 20 mM, par-
ticularly preferably about 10 mM; atso with addition of isotonicity agents,
30 such as, for example, potassium chloride, sodium chloride in a concentra-

tion of 1-1000 mM, preferably 40 mM-310 mM) to the pre-caiculated con-



bat ch nmet hod, and incubating the m xture at pH val ues and tenperatures
mentioned in Exanple 1. To this end, defined volunmes of stock sol utions
conpri si ng | pitation reagents, adjuvants, buffersgs, r bilisers
ment i oned V‘w@%ﬁ?}?pl in defined concentration are advé’ﬁ‘tﬂ éﬁéqlgéﬁadded to
a sol ution having a defined concentrattdn-of EGFR antibodies (fromO0.01 to

150 ng/ m, preferably from2 to 100 ng/m, particularly pref- erably about
5-20 ng/mM ), as obtained in its preparation, and optionally diluted with

buf f ) . [ h buf f '
e o St USRI o oo TR, SaPHAS, % e
ticularly preifyiddry a8BStdind fb Win%ﬁﬁbﬁ‘b&ﬁ‘a%%é h&élie@fndééliﬁ fUrhCut y agents,

such as, for exanple, potasSiumchloride, sodiumchloride in a concentra-
tion of 1-10@%k aMibgieisdtselflip tHe sold aggregdte state Her pxampld asiadyephiton WO
2005/ 051355 PCT/ EP2004/ 012837 - C 5.10.15 20 25 30 centration.

Al ter nat i vel & e sglid girfr@rpfr@ibéﬁ%ﬁ agtipedigs Asconding E’r@‘edﬂlﬂentéqrhbi lisers
accordismg to ' | - ; ' e he anti body
e Ttsalt i nopHesBEParedy SRS Ytk aRernb3bhe biveriBR 2T P
solid forns g watdr oriffan aquddusdictgticre comgrisiagtandg dvemore frthepingredir be
prepared by firstly dissolving anti bodies according to the invention in

wat er or in SRta@ndsubseauanibaddipasiafisedyalvres of finck solHtianscammr edi -

ori 51 ng the. TSR ReaeERelty BERASIRE AR, P PO RS0 cer s
nmentioned i nnRe@iEMed id Exantsé 1nadetinaaeidncahiration. PFreeipitatioh ireagémagent s,
adj uvagbsél buffers and/or stabilisers according to the invention may in

ith i o al s@dpyaatsi duffers an@osatetbiiwlgga@g@tdmgstmfltr@.ingmtio;mm:aesir_waccor d: ng
t1on conpr 1 s SHEeT| 156 26 R dRe ol Betdunla ke, RoubatiBR arkoldng or °si v -

;Lg\e/re& The i@ weinveRtich ean @RVahfagbusylsa beisssdd draetpr ¥afi ves of the

tion comprising all precipitation reagents, adjuvants, buffers and/or stabi-
lisers.

15
The invention aiso covers all hydrates, salts and derivatives of the above-
mentioned agents which are known and conceivable to the person skilled
in the art.

20 One or more of the agents mentioned in the invention can advantageously
C be added during or after completion of the precipitation process and
optionally removed again in order, for example, to carry out an additional

purification step.

25 One or more of the precipitation reagents, adjuvants, buffers and/or stabi-
lisers mentioned in the invention can advantageously be added during or
after completion of the preparation process of the antibody. This can pref-
erably be carried out by dissolving the antibody according to the invention
directly in an aqueous solution comprising one, a plurality or all of the fur-

30 ther precipitation reagents, adjuvants, buffers and/or stabilisers in the final
step of the purification taking place after the preparation thereof. For the



menti oned agents which are known and conceivable to the person skilled in
the art. One or nore of the agents nentioned in the invention can

advant ageo ded during or after conpletion of I.Pid.ation
process an%éﬁ?’&gﬁ |y removed again in order, for exakg‘ﬁ’eﬁzﬁg‘m@%&??y out an
additional purification step. One or nbBe of the precipitation reagents,

adj uvants, buffers and/or stabi- lisers nentioned in the invention can
advant ageously be added during or after conpletion of the preparation

process of the antjbody. This can.pref- erably be rried out di ssol vi ng
Phe anti body PRRAPPRGY 2oMARIaRNuR PsspaialipueRsrdind I Fia Aea®ol ot i on
conmpri si ng Oge résplctiVé firtherGhgi@dieritis) thén bHIy hdd avey 88 b@idodktan thigagent s,
adj uvants, buffers and/or stabilisers’in thefinal step of the purification
t aki ng pl ace respestive Ismagliee pamaunt on nohat albflt isfeartickleriyprefeoedibtess

PCT/ EP2004/ 012837 . -18 r.., .5 .10 15 20 25 30 preparation of a
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furthers i ngredi : R aﬁ‘aﬁﬁ% 1r ~hespective
smal | er annuﬁ%lt@é;ﬁﬁrlr%%lpgtg ﬁgT f&qetm?'?‘gart [ %u%lgﬁ}s pre ert?tg'ggl&% I?tﬁé
respective i fipaksteprdf the pdrifisatioreof the amtibady olicwingprépanationiperesf.ng al |
further preci_l_pi tation reagents, adjuvants, buffers and/or stabilisers in the

final step ofl NUgedsaMtioNdahePRGRIeROr yerhitissd disectinsanadvariagesyan

t hereof. Thuys, : Ut J e 1] ' . can

advant ageous by °aT g T8 Tas it SPRECREsing BRteaobElh e Ehfisdons
respective amrjdilstslytd 8 pHef frsimeglta 00 3preférablyfirermpH 5ao B stepiiefiftendd y from pH
5to 9, sterile-filtered and, if necessary, freeze-dried. The reaction is

riedut Bpdriesessaniofirezerdrind. person skilled in the art in a suitable
o

Selvent, in particular in an inert solvent. Suitable inert sol- vents are

et hanol, glycerol, mxtures with water or pure water or water conprising

ot her adj uvante realfibh Scarfill ot BFthEthods kndwhdyitRE perédH SilNed th the
art in a suitable solvent, in particular in an inert solvent. Suitable inert sol-
vents are ethanol, glycerol, mixtures with water or pure water or water
15 comprising other adjuvants, such as, for example, salts having a buffering
or isotonicity-producing action. Particular preference is given to water.

The process described here can particularly preferably be carried out in
batch format. Solid forms of anti-EGFR antibodies according to the inven-

20 tion and/or variants and/or fragments thereof prepared by the process

C according to the invention can particularly preferably be converted into

biologically active antibody protein through dissolution or suspension in
aqueous medium. To this end, an antibody and/or one of its variants
and/or fragments dissolved or suspended in aqueous solution is particu-

25 larly preferably precipitated by means of a precipitation reagent mentioned
in Example 1, and the precipitation product is separated off.

Depending on the choice of concentration of the precipitation reagent,

either amorphous precipitates or crystals are obtained. Precipitates are
30 preferably obtained at relatively high concentration of the precipitation

reagent, while crystals are preferably obtained at relatively low concentra-



or isotonicity-producing action. Particular preference is given to water.
The process described here can particularly preferably be carried out in
bat ch f or n¥O 2088951855 or ns of anti - EGFR anti bodi es accor ®CHERIHEY nyen-
tion and/or variants and/or fragments ihgreof prepared by the process
according to the invention can particularly preferably be converted into

bi ol ogically active anti body protein through dissolution or suspension in
aqueous nedium To this end, an anti body and/or one of its variants and/or
fragment s di §s0lof ée precipitadiondeagent. dduewgh asvitablecehdice phthe eancenar | y

preferably precipitated by .neans of recipitation r ent, nentioned in
Bcanpl o 1, alaipher repreiRiRg eaeeflar Fefcafia e BRPoBiRdha ng on the
choi ce of C0Bﬂ'%?tafg%fnlté)ﬁcﬁrdﬁgetoﬁhé%\Féﬁtf’ﬁn', e pRa&IRthe teRigeh@tur@iRePhous
precipitates or crystals are obtained. Precipitates are preferably obtained

at rel ati vel yeadtgpn camthestbeadirected in thecdesiesd gdirectiano Exampdeedanddi | e
crystalss are preferably obtained at relatively |o 1t ras, WO 2005/ 051355
PCTI EP2004/ oEB@s‘IﬂUStﬁi@yecCW%”ﬁ%?ﬁ oSN fan Mab &ig@ﬁ&%ﬁ. DafMdn reagent .
Through a sui ' t: PR =) 1Y " Fidsat | on
reagent, the E‘g%ﬁ*giﬁ??pﬁ@@g 'Fﬁ%%ﬂ%f@?ﬁfp“ta L'%'%Sﬁ ﬁgphg'g-gﬁg PéaEé@gér ding to

t he inventi otiontpgnecess acubrding to ¢ng enantion andtbe orgstallisatior proddsss be
directed in the desired direction. Exanples 2 and 3 give illustrative
crystal | i sat AEROtEHIRIIG theaventionedn alsedg eoBbiNgdTV), and Exanples 4 and 5

give illustrative precipitation conditions. The precipita- tion process
according to the invention and the crystallisation process according to the

i nvent itéh carsuitable feactiontémperatSitestareltempepattiiaoft feomerid tor40°Car e
nperatures of from-10 to 40C referably fromO to 25C and _very
ér ticul arly ppeferakinfopm Brt@ﬁmctam% partiquilany peaferabls fram 4 t928ter abl y from

1 to 20 bar, rticul ar f | C e used is
L L0 20, bar. T eSkiAnlSb P ThEfRAbY sl TRORRSA pBR AR ysBReR Vo
reaction condirb8ptferieprRebars. The 4 trse8ifprefeldly fiaff 4 @ 1duUTRE defgd s from
0.5 hour to 10 days, preferably froml to
tion of the reaction depends on the reaction conditions selected. In gen-
15 eral, the reaction duration is from 0.5 hour to 10 days, preferably from 1 to

24 hours, particularly preferably from 2 to 12 hours.

The term solvates of the solid forms according to the invention is taken to

mean adductions of inert solvent molecules onto the solid forms according

20 to the invention which form owing to their mutual attractive force. Solvates
are, for example, hydrates, such as monohydrates or dihydrates, or alco-
C holates, i.e. addition compounds with alcohols, such as, for example, with
ethanol.
25  The resultant solid forms of anti-EGFR antibodies according to the inven-

tion can be separated from the corresponding solution in which they are
prepared (for example by centrifugation and washing) and, after separa-
tion, can be stored in a different composition or they can remain directly in
the preparation solution. The resultant solid forms according to the inven-
30 tjon can also be taken up in desired solvents for the particular use. The

solid forms of anti-EGFR antibodies according to the invention are pref-



24 hours, particularly preferably from2 to 12 hours. The term sol vates of
the solid forns according to the invention is taken to nean adductions of

i nert sol vgnt | es onto the solid forns according i tion
whi ch for m%"ﬁ%&ﬁg&’t heir nutual attractive force. Sol Vg%:&ééﬂgoryeo?ysﬁgr
exanpl e, hydrates, such as nonohydrat es2@r di hydrates, or al co- hol ates,

I .e. addition conpounds with al cohols, such as, for exanple, with ethanol.
30 The resultant solid forms of anti-EG-R anti bodies according to the inven-

tion can be separated fromthe corresponding solution i.n whi t hey are

pr epar ed (fopr@ﬁﬁtﬂq%g'w&:@ﬁtﬂ‘ﬁ "F“E‘Efafﬁdg??o @g\lﬁsrﬁlsHﬁﬁe%‘a’?’ %ﬂia‘?n?epar a-
tion, can beyg bbritibBlldsYrafirab | AR | (oRBs$ §EBAIAH rect |y
in the prepg?rarﬁgﬂhg(rﬁ utiorﬁseq'he r?e ul tant ;tgl i dldgﬁyn% accif')}g |nglr1$o t he

i nven- tion tathednhgentien. tliecbiolqgpical effecsayanf the lpveteirsisftbus phefepablyi cul ar use.
The solid forng of anti-EGR anti bodi es according to the invention are pref
WO 2005105135¥aB€f EP2004/ 012837 -20 C C 5 10 15 20 25 30 erabl y

bi ol ogiscal |y active after redissolution or resuspension, and dena- turing of
the anti bodi es preferably does not occur in the process according to the

i nvention. Tiehdd SUrpasitgly ikewisa beenfolethat stabie pharmacsutioat farfaldy
retained. It has surprisi n%{g | i kewi se been found that_stabl e pharmaceuti cal
fornul a- ti oleng&anipe yeppeadwithitiie aichef sglig forms of aatifkbhR atibedies EGFR

ant i bodi es ccordin the invention, T formul ations preferably have
i gher sta- BEFREDY D RyLYEHIatt et Torpolgiae Breitbly Ba%e Ridhel ol o
oxi dat i on, Eﬁﬁglﬂ%‘Fﬁ%icé&ﬂéﬁéﬁﬁin@@ﬁ@é@%ﬁéﬁ'a;% fif esahife, eadatighTper at ures,
than con- ventional protein solutions of antibodies. A 'conparable stability
n ot!fervi sechanical stresses, biafauchirableHbyaleeseans teepenaturésighaniesnni ng
hods, SUCQeralltstdm&];lC;)Jrrot(?e)i(ﬁle gglluﬁbné rcln? an Id(ID iég.nA%Bmsﬁ}a?gﬁlle's?gtgiﬁfy é:a%m storage,
otherwise usually only be achieved by expensive and time-consuming
methods, such as, for example, the addition of stabilisers, cool storage,
freezing or freeze-drying. The high stability preferably facilitates simpler
15 and less expensive storage, transport and preparation of pharmaceutically
valuable formulations, such as, for example, ready-to-use formulations,
formulations having delayed release of active ingredient or controlied

release over an extended period.

20 The invention therefore furthermore relates to solid forms of anti-EGFR

C- antibodies according to the invention as storage-stable medicaments.

The invention particularly preferably also relates to pharmaceutical prepa-
rations comprising at least one solid form of an anti-EGFR antibody

25 according to the invention in precipitated non-crystalline, precipitated
crystaliine or in dissolved or suspended form, and optionally excipients

and/or adjuvants and/or further pharmaceutical active ingredients.

Pharmaceutical preparations according to the invention can thus comprise
30 solid forms according to the invention in precipitated form, i.e. as precipi-
tate or as crystal, or in redissolved or resuspended form. The invention



freezing or freeze-drying. The high stability preferably facilitates sinpler
and | ess expensive storage, transport and preparation of pharmaceutically

val uabl e fg | ations, such as, for exanple, ready-to-u far ations,
formul ati oﬁé’%&%ﬁﬁda ayed rel ease of active ingredi en?’%aﬁ%g@% 0rlgq:”'ed
rel ease over an extended period. The in2&ntion therefore furthernore rel ates

to solid fornms of anti-EG-R anti bodies according to the invention as
st orage-stabl e nmedi canents. The invention particularly preferably al so

relates to phar eutical pr ratio onpri si.n | east oesolldform
of an ant | - EABEEREARRP! @éiﬁmaﬁrgap%rh PreRAtRlipER CPRPRR RS B Patioc
non-crystall I pended
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phar maceut i caloracionat antlgE@ElReamtmod?hpaQOlyl preferablqurmab 6]295accor ding to
the invention can thus conprise ' orns, according to the invention in

|
preci pi t at ed (§EKMab) or Bﬂ%‘éi(%m% %g@@)@ncﬂgr @r@tgpr fragments ed| ssol ved or
esuspEnded Gou e H o YR 98GNENER8S CAABRA BT FPRON WRAEn. 21 € C S

10 15 20 25 there ore al'so relarés to celtli ca paratitons conpri sing

at | east onglIpmélpréﬁtghﬁdmcydmvamyahdﬁorqaurthm pﬁ'mrmaEQEﬁbélrédtlbédy,
preferably of a nonoclonal anti-EG-R antibody, particularly preferably of

Mab C225 (cmgmdm!f-) or Mab h425 (EMD 72000) and/or variants or fragments
thereof in precipitated, redissolved or suspended formas well as option-
ally excipients and/or adj uvants and/or further pharmaceutical active

I ngredi ents. THaesghidl fofm$ of ﬁﬁtfiﬂGlathmIEQE@saéﬁdoP@ﬁﬁ%‘ tRE FriviertiBs prér-t he

|nvent|&n pref- erably enable the preparation of highly concentrated
mul 30 ons eniblp emablathesweparation afrhighly rcoticegategLorroulatibns kathant i bodi es

obser ved i n_ HRENOUESgcBSiraR AdRERaR o pidhP pribREBR koI GOt
ig'n;“einfnian n rntr&ﬁ%%no‘e@uré&‘an?r?ln%b&ﬂ?o&ﬁiﬁuﬁ@ &5 Mag'berbbderfad otRAT ent
case of conventional, highly concentrated protein solutions. Thus, ready-
to-use solutions having a high active-ingredient content can be redis-
15 solved or resuspended in aqueous solvents or in aqueous media with the
aid of solid forms of anti-EGFR antibodies according to the invention.
Extremely highly concentrated formulations of protein active ingredients
are recently being demanded to an increased extent. Most antibodies
employed for therapy are used in doses in the mg/kg region. A high dose
20 and small volumes to be administered (for example from about 1 to 1.5 ml
C for subcutaneous administration) show the demand for highly concentrated
protein preparations having concentrations of greater than 100 mg/mil. In
addition, highly concentrated protein formulations can have considerabie
advantages in preclinical trials for the investigation of acceptability and
25 efficacy in vitro and in vivo (in an animal model), in clinical trials for inves-
tigation of acceptability and efficacy in humans and in clinical use of the
product (in particular on subcutaneous administration). Their advantages
consist, in particular, in that a relatively small volume of the preparation
has to be used. In contrast to infusion or injection of protein medicaments
30 with a relatively low concentration, this enables, for example, subcutane-

ous administration of protein medicaments for the patient. Subcutaneous



sol ved or resuspended i n aqueous solvents or in aqueous nedia with the aid
of solid fornms of anti-EGFR anti bodi es according to the invention.

Extrenely hiahl centrated formul ations of protein actjve.ingredients
are recentWﬁ%@#ﬁég emanded to an increased extent. I\/bsﬁ)cgﬁtplz?)%g‘ll 7
enpl oyed for therapy are used in doses-2a&-the ng/ kg region. A high dose and

smal | volunes to be adm nistered (for exanple fromabout 1 to 1.5 mM for
subcut aneous admi ni stration) show the demand for highly concentrated
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of the product (in Particul ar on subcut aneous adm ni stration). Their
advant ages &tdhe paupft ¢an earcy cut the administrafiondnimsefayvihastbeing @liane of t he

et canent s 20 on e st bentdl, TP Edipis O inBLHT oRRr sl ERS8r 7 Kl e,
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Subcut aneous 30 WO 2005/ 051355 PCT/ EP2004/ 012837 -22 C 5 10 15 20 25 30
adni ni st r at i sANEANRSE Maxinedl efahehd enlchighhacencentiaied praiediesmuleer

exanpl e, specific targeting i,p ¢ ectjon wi.ith a “therapeutic wi ndow nmay
be dosi 1 ed.AaRe GRpfES ol el dODTOkE AR ftaduBnts fEGEESTHe advant age  { hat
the patient can carry out the admnistration hinself wthout being reli- ant
on nedi cal personnel. The exanple of insulin clearly shows these

évant dfes. Bunprsinglyshighly corcentiated phasnaceuticabprepanations whiichni stra- tion
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the aid of solid forms of anti-EGFR antibodies according to the invention.
This was unexpected since the tendency towards instability is far greater
15 in highly concentrated protein formulations than in dilute protein formula-
tions (Fields, G., Alonso, D., Stiger, D., Dill, K. {1992) "Theory for the
aggregation of proteins and copolymers.” J. Phys. Chem. 96, 3974-3981).
The “packing density” of the protein molecules is increased at a high pro-
tein concentration. An increased number of collisions must accordingly be
20 assumed, and occasional protein associations may occur. This process
C generally takes place through nucleation and growth mechanisms in which
the critical nuclei are often soluble associated proteins which, however,
can rapidly be converted into insoluble protein precipitates (denatured
protein) (Reithel, J.F. (1962) ,The dissociation and association of protein
25 structures®, Adv. Protein Chem. 18, 123). The size of the protein aggreg-
ates increases with increasing protein concentration, as has aiready been
shown for B-lactogiobulin (Roefs, S.P.F.M., De Kruif, K.G. (1994) "A model
for the denaturation and aggregation of B+-lactoglobulin.” Eur. J. Biochem.

226, 883-889).
30



preferably of 50-150 ng/m, in a liquid formulati on can be obtained with
the aid of solid forns of anti-EG-R anti bodi es according to the invention.
Thi s was unexpected since the tendency towards instability is far greater

in highly m]ﬁﬁ%éf’rﬁg ed protein formulations than in dil Sﬁlﬁ#ﬁhﬁﬁ&ﬁ or mul a-

tions (Fie onso, D., Stiger, D., DIll, K (19 eory for the
aggregation of proteins and copol yners: 233, Phys. Chem 96, 3974-3981). The
"packi ng density" of the protein nolecules is increased at a high pro- tein
concentration. An increased nunber of collisions nmust accordingly be
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rapidly be convert'ed into insoluble protein precipitates (denatured
protein) (Rebodigls, J.F. (1962) ,, The dissociation and association of protein
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The limt in known hjighly concentrated formul ati ons of i mmunogl obulins is

normal |y 2- 55taRE Antivaghformurgtion whicaaater esyseensign of redssRILEen.ids of anti -
bodies Wth I |0 | | 8 abl e,
hi ghl y conc‘én r%qe%%ﬁur@m%é%%hi@dtglﬁggggzﬁ}%%&%@v%@n%ﬁg%ct ed.
Thus, the sicencaitraticrcand thisi simplifies hgading irsthel ciseasipagénteral hi ghly
concentrated stable antibody fornulation which, after resuspension or
Cdi ssdPut i omdniRistratieniuced viscosity conpared with |iquid antibody

rmul ati ons of the same concentration and thus sinplifies handling in the
case of parenteral

The invention therefore also relates to pharmaceutical preparations com-
prising at least one soiid form of an anti-EGFR antibody according to the
invention and/or one of its variants and/or fragments in precipitated non-

15 crystalline, precipitated crystalline or in dissolved or suspended form,
where the antibody present is biologically active, characterised in that the
antibody concentration is preferably 10-200 mg/ml, particularly preferably
50—-150 mg/ml.

20 The invention also relates to a process for the preparation of a highly con-
C_ centrated pharmaceutical preparation according to the invention, charac-

terised in that at least one solid form of an anti-EGFR antibody according
to the invention and/or one of its variants and/or fragments is dissolved or
resuspended in a solution according to the invention, and the antibody

25 concentration is preferably 10-200 mg/mi, particularly preferably 50—
150 mg/ml.
Agueous preparations can be prepared by dissolving or suspending solid
forms of anti-EGFR antibodies according to the invention in an agueous
solution and optionally adding adjuvants. To this end, defined volumes of

30 stock solutions comprising the said further adjuvants in defined concentra-

tion are advantageously added to a solution or suspension having a



adm nistration. The invention therefore also relates to pharnaceuti cal
preparations com prising at |east one solid formof an anti-EG-R anti body
according to the invention and/or one of its variants and/or fragnments in
preci pitat N0dlos1sdsyst al line, precipitated crystallinepphgdpdofdioisiehved or
suspended torm ere the anti body present is biologically active,
characterised in that the antibody coné®ntration is preferably 10-200

ng/ M, particularly preferably 50-150 ng/m . The invention also relates to
a process for the preparation of a highly con- centrated pharnmaceuti cal
preparation - ' ' ' s I ' t,.at | east one
solid form o? 8@%‘2%@%“%&%@3@@?@@@%8??1‘?@3?9 ﬁ)tﬂt% Hé%‘?}t&/dgwh%gr}hgnd/ or one
of its vari apfigtusiy eptidratgfoted with diztsolohe pre-calasatensumeentration.sol ution
according to the invention, and the antibody concentration is preferably
10- 200 ng/ m Altgenatively, the adpvanisreas He sgdegm plidformadinesrsopntsfir at i ons” can

accor di ng. t oS5 SIS Shelpr VR T e Pebvard i Bal 6380 BSOS Ehai ng
adj uvamt s. TqubRily beMidedabithée aquebusesiutibn o isessessibH obRaiReg§oNpri sing t he
said further adjuvants in defined concentra- tion are advantageously added

to a solution or suspension having a WO 2005/ 051355 PCTI EP2004/ 012837 -24 C
C5 10 15 202 efined co ratjon of solid forns. accordin o the
Cnventi on, aRRTE IS pLed EGTR aplibaeR artidite IR ReGibe AT AR
pre-cal cul at gdv&RBgeBLEIF e dissolfbd &F BaEDYIRISH dirdidnARI2¥aliSn EBmpRS. added i n
solid form The anbunts”of stock solutions and/or water I ch are necessary
i n each caseingnall further-adjeamts.y be added to the aqueous sol ution or

suspengj;on obtained. Solid fornms of anti-EGFR anti bodi es according to the
| ventign can al so advantageously be dissolved or suspended directly in a

ution conMpiBody-R8niining YolltihsH 1&pBhSions having a pH of from 4 to 10,

preferably having a pH of from & to 9, and an osmolality of from 250 to
350 mOsmol/kg can advantageously be prepared from the solid forms
according to the invention by reconstitution with aqueous solvents. The re-

15 suspended or redissolved preparation can thus be administered directly
substantially without pain intravenously, intraarterially and also subcutane-
ously. In addition, the preparation may also be added to infusion solutions,
such as, for example, glucose solution, isotonic saline solution or Ringer
solution, which may also contain further active ingredients, thus also

20 enabling relatively large amounts of active ingredient to be administered.

Pharmaceutical preparations according to the invention may also comprise
mixtures of precipitates and/or crystals according to the invention in pre-

cipitated or crystalline and/or redissolved or resuspended form.

25
The preparations according to the invention are physiologically well toler-
ated, easy to prepare, can be dispensed precisely and are preferably sta-
ble with respect to assay, decomposition products and aggregates
throughout storage and transport and during multiple freezing and thawing
30 processes. They can preferably be stored in a stable manner over a period

of at least three months to two years at refrigerator temperature (2-8°C)



Ant i body-cont ai ni ng sol utions or suspensions having a pH of from4 to 10,
preferably having a pH of from5 to 9, and an osnolality of from 250 to 350
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W thout pain intravenously, intraarterially and al so subcutane- ously. In
addition, the preparation may al so be added to infusion solutions, such as,
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Phar maceut i cgliglaéeg[pawg%lflg% t@%@%ﬁrﬁgﬁ% t eall \c}gﬁtﬁ??ﬂmnrg@a@s@ggonpri se

m xtures of prakdy ptabde en storagerfocatyletsl six amanthsiengn tab eldvatedtemperan i n pre-
cipitated or crystalline and/or redissolved or resuspended form 30 The
prepar at i onst%egéf‘gieﬁ@oﬁﬁh?%hp Hes.dar axampla 2t s tespperature ofetQ°Ct ol er -

at ed, @gasy tI%naWg;&aﬂg%’g"ﬁgﬁggwﬂnw ecisely and are preferably sta-

ble with respect to ass I'on“ products and aggregates throughout
storage and transport and during nmultiple freezing and thawi ng processes.

They can preferably be stored in a stable manner, over a period of at |east
t hr ee nont hsFPbexawpPige pkd fermseaggaidingttethe inyastion tas be storgd Woaab@s/ 051355

and 609% r ol abl/dannRy Ay ahil it Jecshedly FoMGfled PRV RuBGBTALSE" (#2270
o ot | east P B B e e s e
m di fl pe_s, bds feranyjsigeare; for example avitheutdieing Gsteokedtodhess axamples,
Son b6 <t or cBesE das VG REIHEr o) 4G dVaRidlton. RBSBOEWIN conver t ad
into a readygptqriSSolvents and subsequent air drying, liquid-bed drying, fluidised-
bed drying, spray drying, roller drying, layer drying, air drying at room
temperature and further methods.
15
The term “effective amount” denotes the amount of a medicament or of a
pharmaceutical active ingredient which causes a bioclogical or medical
response in a tissue, system, animal or human which is sought or desired,
for example, by a researcher or physician.
20
c In addition, the term “therapeutically effective amount” denotes an amount
which, compared with a corresponding subject who has not taken this
amount, has the following consequence: improved treatment, healing, pre-
vention or elimination of a disease, syndrome, disease state, complaint,
25 disorder or prevention of side effects or also the reduction in the progress
of a disease, complaint or disorder. The term “therapeutically effective
amount” also encompasses the amounts which are effective for increasing

normal physiological function.

30 Medicaments can be administered in the form of dosage units which com-

prise a predetermined amount of active ingredient per dosage unit. A unit



pharmaceutical preparation by dissolution or suspension. Possible neth- ods
for drying are, for exanple, without being restricted to these exanpl es,

ni t rogen- gas dréi ngﬁ vacuum oven drying, |yophilisation, washi ng Wit h
organi c soMPAWYOSIIY subsequent air drying, |iquid-bed ECHERZ4PI283i sed-
bed drying, spray drying, roller drying26layer drying, air drying at room
tenperature and further nethods. The term "effective anmount” denotes the
anount of a nedicanment or of a pharnaceutical active ingredient which
causes a biological or nedical response in a tissue, system animal or
human whi ch pEthitype can cefoprisedor examplex frep) €.5 g ta Ir @ sreferably foom

physician. 1 additjiqn, the term "ther utically effective anount” denotes
an amount \Aﬂirﬁﬂ?obhﬁﬂg@é{i%?qwg 'Egﬁ‘ﬁ%ﬁm@néﬁ%ﬁ%mvﬁﬂﬁoﬁas not taken
this amunt deBafdingon P! didkdih GARSREHRAC Rie MERIGY BfladiRRtRIYn artpal | N0,
pre- vention of elifnation of a disease, syndrone, di sease state,

conpl ai nt, thesagelexeight ane health of tred patietd. Pfdfered dusagesmittfoemuoladuct i on in
t he pregress of a disease, conplaint or disorder. The term. "therapeutically

ef fective afiBiRhare Hose WNED FRAYISS 3 ARINGARSH O5 SYpidoseae INGicaiedi ve for

n the.  or m SPOBIL KPS radlin MiPeol ST BERM BorAehe ERR Tt of o o
active i ngr e¢hetfior@ohediRapimts bf this fypenddn MOpPéltred dyInbaiédf &aep4/ 012837
-26 510 C 15 20 25 of this type can conprise, for éxanple, fromO0.5 ng to

1 g, preferathgpfacesses gapenally soowmgn the pharmaceutcal sgetedi ent according to
the invention, depending on the disease state treated, the nethod of
adm nistration and the age, weight and health of the patient. Preferred

dosage 1ni t pdREAeNs' &a8apRAFBr Yhiistr A b?%rng déRirbY stfasle"

b-dose, as i1 ndicate above, or a correspondi ng ction thereof of an
tive ingredpgtet forfexampld by og aralrrmwn?mecaifortéuibeingwcﬁ regtal bhsulpr epar ed
by neans of one of the processes generally known in the pharmaceuti cal
sector. Medi aanany.Hasah tepicah dpeledingdducsdlhisybingdal iirasns abe¥agied
sui tabl e nal or parenteral (including subcutaneous, intramuscular, intravenous or
intradermal) routes. Medicaments of this type can be prepared by means
15 of all processes known in the pharmaceutical sector by, for example, com-

bining the active ingredient with the excipient(s) or adjuvant(s).

Parenteral administration is preferably suitable for administration of the
medicaments according to the invention, In the case of parenteral admini-
20 stration, intravenous and subcutaneous administration are particularly

preferred. In the case of intravenous administration, the injection can take

)

place directly or also as an addition to infusion solutions.

Medicaments for subcutaneous administration are particularly suitable

25 since stable, highly concentrated formulations can be prepared with the
aid of solid forms of anti-EGFR antibodies according to the invention. The
highly concentrated formulations necessary for parenteral or subcutane-
ous administration and small volumes to be administered can thus be

achieved.
30



route, for exanple by the oral (including buccal or sublingual), rectal,
pul - nonary, nasal, topical (including buccal, sublingual or transdermal),
vagi - nal or_ parenteral (i ncluding subcutaneous i ntramuscul ar . intravenous
or intrad® P18 es. Medi canents of this type can b@CEﬁQB%F@HﬂB@ neans
of all processes known in the pharnmaceuRy¥eal sector by, for exanple, com

bi ning the active ingredient with the excipient(s) or adjuvant(s).
Parenteral administration is preferably suitable for adm nistration of the
medi canment s accordlng to the invention. In the case of parenteral admni-

stration, inSubgdianeousadministatian fessheadvanagedhabihepatigpcancul arly

o e 9, Ao 6o HechBARRIIRR ST Sob8h b, SRR cor, ol

subcut aneous oaﬁmafeemedﬁt@ad%seamamg% e mv%hhbﬁlar@ also §ifabté fdH e, highly

concentrated fornul ati ons can be prepared with aid of solid forns of
anti - EGFR anmebpcepmam:'cof mdmm&&o ba\aﬂmmtsteredmremegallwha\ongent rated
formul gtions ecess aren or _su ne- n| stration and
smal | %I L SIa% ?%{é%‘i‘ angfat g r&’!iﬁd{%'ﬁés‘ﬁ %aeﬁg W8 605/ 051355
PCTI EP2004/ 0 IRl tion has
t he advant agé@%g?s ?ﬁalopcﬁ/sé%ts can R@Fﬁgﬂ]@hg%% carre t tT‘%Belf

wi t hout experfmrmreﬂatsabpanslon $ere dntl dissoiveobverdn eﬂ@ﬁaedrandmcboes accordi ng
to the invention are also suitable for the p raﬁpar,ation of nedi canments to be
adni ni st er ed tigdedpesiod and arathag in e native,andeffetiveaiate. 2t fasmsed r el ease

Cnvent i on ar SMIFEPERAMPARS et HisTolhe Nertion b hh B2 I Bl ve over

an ext eifded Qﬁé’b%geﬁﬁﬁon bf Qéia?dd#éféa%@ f@ﬁﬁ'uléﬁ@né Rigich aré Bavarfageeuand
fective state I'id fornms of anti-EGFR antibodies according to the

invention ar éor[tll&spﬂleﬁbsm&tﬂiﬂﬂllalstmlontmenbfrrmmsaaryoat refatovelyolpege r el ease

formul ati ons, dvant ageo
tnme |n erva{s P%armace lljpreparatlons according to the invention can

also be injected directly into the tumour and thus develop their action
directly at the site of action as intended.

15
The medicaments adapted to parenteral administration include aqueous
and non-aqueous sterile injection solutions comprising antioxidants, buff-
ers, bacteriostatics and solutes, by means of which the formulation is ren-
dered isotonic with the blood of the recipient to be treated; as well as

20 agueous and non-aqueous sterile suspensions, which can comprise sus-

C pension media and thickeners. The formulations can be delivered in sin-

gle-dose or multi-dose containers, for example sealed ampoules and vials,
and stored in the freeze-dried {lyophilised) state, so that only the addition
of sterile carrier liquid, for example water for injection purposes, immedi-

25 ately before use is necessary. Injection solutions and suspensions pre-
pared in accordance with the formulation can be prepared from sterile

powders, granules and tablets.

The solid forms of anti-EGFR antibodies according to the invention,
30  optionally in redissclved form, can also be administered in the form of lipo-

some supply systems, such as, for example, small unilamellar vesicles,



for the patient since admnistration is only necessary at relatively |arge
tinme intervals. Pharnaceutical preparations according to the invention can

al so be injected directly into the tunmour and thus devel i.r i on
directly alVAMWRIIBY of action as intended. The nedi can@%&éﬁgﬁgﬂlﬂgﬁé;to

parenteral adm nistration include aqueod8- and non-aqueous sterile injection
sol utions conprising antioxidants, buff- ers, bacteriostatics and sol utes,
by neans of which the fornulation is ren- dered isotonic with the bl ood of

the recipient to be treated; as well as aqgueous and non-aqueous sterile
suspensi ons, la@pmilaaeliapnpsicies andmuliiametar vasiclas dHROSPMBREABRE  The

formil at | . & s oF The
exanpl o soal SR ReCanER ¥hoPrdiSigs R AE do hrfhible, pABRIGR LG "o "
(1 yophi | i sed)stedrplaming er bhaspieatidylditineddi tion of sterile carrier liquid,

for exanple water for injection purposes, inmedi- ately before use is
necessary. Injection solutions and suspensions pre- pared in accordance with

the f | at i ; teril wg | d tablets.
The soll d forte SHALAITS EERRISRr B BoBis araione e dhEefaren. = '
optional ly i @aFi?Hﬁs&ﬁ@*éﬁﬁ% bracipitaea, :%d?é%o‘i&ﬁéoa&"éu@sp“én%a%trﬁ chR@Idepe of

| i po- sonme supply systens, such as, for exanple, snmall unilanellar vesicles,

WO 200510513 5bupiet/ vHit2 66kublEl p8iIgihers 28 targeted fedicandéntixciilentsr §acluni | anel | ar
vesicles and multilanellar vesicl %s._ i posones can be fornmed from vari ous

phosphol i pi dPOIKTRIE G5 ENCHMRASERA )é\,'mlillﬁgff eidene pyrar cepelyMehi Plyor
PhosPhet o kOB BRI A T, A SRR ERcBfeRer "0 o
syspendéd f ogmpeRyetiayiene bﬁidecmfalygme%ubsmmmyepamiwyfraqieélls.tanrﬁ§glt iegone
oot b ot o R abpoods e o achupied ' ose
pol yhydr OXyeto?)éllo%ge%%éé’bm.e%%?yﬁgr%l which are suitable for achieving slow release of
a medicament, for example polylactic acid, poly-epsilon-caprolactone,
polyhydroxybutyric acid, polyorthoesters, polyacetals, polydihydroxy-
15 pyrans, polycyanoacrylates, polyiactic-co-glycolic acid, polymers, such as
conjugates between dextran and methacrylates, polyphosphoesters, vari-
ous polysaccharides and polyamines and poly-g-caprolactone, albumin,
chitosan, collagen or modified gelatine and crosslinked or amphipathic
block copolymers of hydrogels.
20
C Medicaments adapted to transdermal administration can be delivered as
independent plasters for extended, close contact with the epidermis of the
recipient. Thus, for example, the active ingredient can be supplied from
the plaster by means of iontophoresis, as described in general terms in
25 Pharmaceutical Research, 3(6), 318 (1986).

Medicaments adapted to topical administration can be formulated as oint-
ments, creams, suspensions, lotions, powders, solutions, pastes, gels,

sprays, aerosols or oils.
30



or pol yethyl ene oxide polylysine, substituted by pal mtoyl radicals. The
solid fornms of anti-EGFR anti bodies may furthernore be coupled to a cl ass

of bi odegr gadabl ynmers which are suitable for achievi ase of
a medi camsﬁ’t%, R’P@?ﬁqg anpl e pol ylactic acid, poly-epsil onpﬁﬁéﬁg@t‘gﬁz
pol yhydr oxybut yric acid, polyorthoestefr89-pol yacetals, polydihydroxy-

pyr ans, polycyanoacrylates, pol yl actic-co-glycolic acid, polyners, such as
conj ugat es between dextran and nethacrylates polyphosphoesters vari- ous
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copol yners o qﬂ"ﬁ ra'%gé AfERigst ration
can be deli v%b@%qgés)ﬂﬁmdaepen fezstg ﬂlrSEagxpe eg‘%@oos'e contozct W th
t he epi dermi sreﬁmtlhetheroasemfémnmulaim as laprointneent| the adtiveangredientrgaredi ent

can be supplied from the plaster é means of iont oghorem s, as described in
general ter mPeigmployed @HB@U‘M’-’B@ patalfinic 6na water-miscible cregm) bases flieinent s

suspens, ons, TELTRY, R AdSInGeRSEA e OBl ted 6 Gufta B WBTST. ST
0i 5. IO 20051061746+ BGEFEA006F ARABTin-oRBakeC 5 10 15 20 25 30 For

treatnent of the eye or other external tissue, for exanple nouth and skin,
the formul ations are preferably adm ni stered as a topical ointnment or

cream In th se of . fo n.a n the activ redi ent can
be enpl oyed @A? tts@é?r{’g%&gﬂ ?%?93 aﬁmgm\i’]@r‘?ptt%ﬂ%ec%? éncéchea %ase Alter-
natively, therged rb9é %@h@é‘ing?é&eh?nsfcﬁ&%&bé& B shiSpéhae’] A £EGitgB Lh an
oi | -i n-wat er crea ase or a water-in-oi as Medi canment s adapted to

tégl callGadmi reixsipiaritj iorparticulae anyemuenck sdbvemye drops, where the active

redient is dissolved or suspended in a suitable excipient, in particular
an aqueous sol vent.

Medicaments adapted to rectal administration can be delivered in the form

of suppositories or enemas.

15 Medicaments adapted to administration by inhalation encompass finely
particulate dusts or mists which can be produced by means of various
types of pressurised dispensers with aerosocls, atomisers or insufflators.
For the purposes of the present invention, particular preference is given to
powders of solid forms of anti-EGFR antibodies according to the invention

20 for administration as inhalant.

Medicaments adapted to vaginal administration can be delivered as pes-

saries, tampons, creams, gels, pastes, foams or spray formulations.

25 It goes without saying that, besides the constituents particularly mentioned
above, the medicaments according to the invention may also comprise
other agents usual in the sector with relation to the particular type of

pharmaceutical formulation.

30 The invention furthermore relates to sets (kits) consisting of separate

packs of



Medi caments adapted to rectal adm nistration can be delivered in the form
of suppositories or enemas. Medicanments adapted to admi nistration by

i nhal ati on enco ass finely particulate dusts or msts _which can be

pr oduced b ngs vari ous types of pressurised di spé’ﬁgﬁl’%"wotq??’%er osol s,
atom sers or msufflators. For the purPbdses of the present invention,
particul ar preference is given to powders of solid forns of anti-EGFR

anti bodi es according to the invention for adm nistration as inhalant.

Medi cament s adapted to vagi nal admi nistration can be delive S pes-
saries, tanp8h sgn efective apauat of 3iecipitate apg/qs crysirbgf ‘F’b?ﬂﬂ‘r%@?% It goes

ui Lhout, sayi 1 Ll BRI BPa SRR B PR SHIRIAY oL eT above,

t he nedi canent s”acco ng to |nven I on may a SO CO agents

usual in the sqsrefgrabliytdf Maﬂ)mz@r(cémﬂrhabp@;rnnebtﬂ@s(Ememoophndfmceutlcal
formul ation. The invention furthernore relates to sets (kits) consisting of

separate packsvasiantopagmeststerealin prevpiated2ealissolged or sespendedl 25 30 a)
an effective ang unt ch a precipitate and/or crystal of an anti-EG-R
ant i body, pref ePE{B@ f a monocl onal anti-EGFR anti body, particularly

preferably Oi:? Nitb efigetivel &bt fo’é))urﬂferl\'ﬁédlﬁérﬁén{ &&fe/idgRdbieqnd/ or  variants

or fragnents thereof I1n precipitated, redissolved or suspended form and b)
an effective anount of a further nedicament active i ngredi ent. The set

contains suitable contalne such. as boxes or cartons, .i ndividu bottl es,
bags or  anpolNEset SRBIAINS SHEAPIS CoPtaisers, pach esnpé?ﬁogsﬁasna%énd%ﬁm es each

cont ai ni ng- aRoRldepbhY br Ao THd SA\mal, 10F kARSI, bikdid Sophdife | Nventi on.

optionally in re rm an ectrve rrbunt rther

ﬁgl carmdnt aempwiesweaemcemt'emmg dhssffactied anmount @b ai ddlidefdr aicgording to
rapeutically effective anmpunt of a solid formof an anti-EGR anti- body
accor di ng t o theiventien: eriipnady omsedissoived e @nsk an gfeetive amauntef ag,

further medicament active ingredient in dissolved or lyophilised form.

A therapeutically effective amount of a solid form of an anti-EGFR anti-

15 body according to the invention depends on a number of factors, including,
for example, the age and weight, the precise disease state requiring treat-
ment, and its severity, the nature of the formulation and the method of
administration, and is ultimately determined by the treating doctor or vet-
erinarian. However, an effective amount of an anti-EGFR antibody

20 according to the invention for the treatment of neoplastic growth, for

O

example intestinal or breast cancer, is generally in the range from 0.1 to
100 mg/kg of body weight of the recipient (mammal) per day and particu-
larly typically in the range from 1 to 10 mg/kg of body weight per day.
Thus, the actual amount per day for an adult mammal weighing 70 kg

25 would usually be between 70 and 700 mg, where this amount can be given
as a single dose per day or usually in a series of sub-doses (such as, for
example, two, three, four, five or six) per day, so that the total daily dose is
the same. The suitable antibody titre is determined by methods known to
the person skilled in the art. The dose proposed for administration is gen-

30 erally sufficient to achieve the desired tumour-inhibiting action. However,

the dose should also be chosen to be as low as possible so that no side



for exanple, the age and wei ght, the precise disease state requiring treat-
nent, and its severity, the nature of the fornulation and the nethod of

adm ni strag,j is ultimtely determ ned by the tregtl or vet-
erinari an.wﬁgﬁnﬁﬁl@ﬁgﬁén effective anount of an anti -E@Rﬁ#ﬁ&ﬁg‘%ﬁ%gcor di ng
to the invention for the treatment of nébplastic growh, for exanple

I ntestinal or breast cancer, is generally in the range from0.1 to 100

ng/ kg of body wei ght of the recipient (mammal) per day and particu- larly
typically in e range from1l to 10 nu/ kg of bod i.ght _per da Thus, the
netual avounCIBE BT A5 PG Le pIosRIRAEToNE PRy o Rt B e ual |y be
between 70 apde 780, Where this anount can be given as a single dose per

day or usually in a series of sub-doses (such as, for exanple, two, three,
four, five or six) per day, so that the total daily dose is the sane. The
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2005/ 051355 leglly P aniictcand/oBdnd of ts varidhts2éhdlbr fi@gmiehecingpresuch as
undesired cross reactions, anaphylactic reactions or the |ike, occur. The
i nvention f ucipiiateshpenceydalise; precipitated coystalline ar inodiggoiyed & Uy to t he

i nvention for hpg E aration of a nedicine which conprises the biologi-
cally active™an .% y ‘and/ or one of its variants and/or fragments in pre-
cipitated non-crystalline, precipitated crystalline or in dissolved or sus-
pended form Medicines according to the invention can be used, in

ti cdr, Medicines ascopsting toxihe ismention carberused, ot patisalasdor 1Rl di sease
tes. The inven- tiagn therefore relates to the use of. solid.fornms of
anti - EGFR anllplr %@M@s's a&gé%ﬁ{ﬁ%@epbofﬂ'ée?ﬂ%ﬂ?é gfﬁe%pesg%t]eabj[be V&% nocl onal

anti - EGFR antjoRHerefér@ reRites t¢ tHerlide/ oP§8IIPIoRps of ehtiMBGF R2titidefidd!x1 mab) or
Mab h425 ( EMD

according to the invention, preferably of monoclonal anti-EGFR antibod-

ies, particularly preferably of Mab C225 (cetuximab) or Mab h425 (EMD
15 72000) and/or variants or fragments thereof in precipitated, redissolved or

suspended form for the preparation of a medicine for the treatment and/or

prophylaxis of diseases.

It has been shown in various in-vitro and in-vivo studies that blockage of
20 the EGFR by antibodies against tumours at various levels, for example by
inhibiting the proliferation of cancer cells, reducing tumour-mediated

O

angiogenesis, induction of cancer cell apoptosis and increasing the toxic

effects of radiation therapy and conventionai chemotherapy.

25 Medicaments comprising solid forms of the antibodies according to the
invention in redissolved or suspended form are able effectively to regulate,
modulate or inhibit EGFR and can therefore be employed for the preven-
tion and/or treatment of diseases in connection with unregulated or dis-
turbed EGFR activity. In particular, the solid forms of anti-EGFR antibodies

30 according to the invention can therefore be employed in the treatment of



72000) and/or variants or fragnments thereof in precipitated, redissolved or
suspended formfor the preparation of a nmedicine for the treatnent and/or

pr ophyl axigvd)%op%}{'&%g%ses. It has been shown in various iri,-c\i.i/éprz&“%q 3i,n-vi VO

studi es that age of the EGFR by anti bodi es agai nst tunours at vari ous
level s, for exanple by inhibiting the-B2oliferation of cancer cells,
reduci ng tunour-nedi ated angi ogenesis, induction of cancer cell apoptosis
and increasing the toxic effects of radiation therapy and conventi onal

h h . di I siny lid f f th i bodi di
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regul ate, %@Hb?i%?s@éh b8 Bidbetic Fetifopatfly oRinfldifmatighe be enpl oyed for the

preven- tion~and/or treatnent of diseases in connection with unregul ated or
dis- turbed EGFR activity. In particular, the solid fornms of anti-EGR
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t her ef or e f ufdrvefordhe preparation of atrhedicie fof treotredtnfierntrand/argsroptiyiagist o t he
I nvention in precipitated, redissolved or resuspended  formfor the
preparati on Of diseasas caHeed, dpedipted ardprpraragaied by HGDRANMIIPY of di seases

caused, nedi & - ; G-R and/or by EGFR-nedi ated signal
transducti on%?ﬁ%@éﬁ@éfgﬁ%ﬁﬁﬁgﬁt he invention are particularly

suitable for the treatnent and/or prophylaxis of cancer, including solid
carci ngnps, such as, for exanple, carcinomas (for exanple of the |ungs,
@cr edd t hMedigamentsarsordiog te theinventipe iase partiquriissitatile fordhanpl e

O e A B SR B e B Sl ™ o
are further mysefd¢skbHiple, carcinomas (for example of the lungs, pancreas, thyroid,
bladder or colon), myeloid ilinesses (for example myeloid leukaemia) or
adenomas (for example villous colonic adenoma), pathological angiogene-
15 sis and metastatic cell migration. The medicaments are furthermore useful
in the treatment of complement activation-dependent chronic inflammation
(Niculescu et al. (2002) Immunol. Res., 24:191-199) and immunodeficien-
cy induced by HIV-1 (human immunodeficiency virus type 1) (Popik et al.
(1998) J Virol, 72: 6406-6413).
20
C In addition, the present medicaments are suitable as pharmaceutical
active ingredients for mammals, in particular for humans, in the treatment
of EGFR-induced diseases. The term “EGFR-induced diseases” relates to
pathological states which are dependent on EGFR activity. EGFR is
25 involved directly or indirectly in signal transduction pathways of various
cell activities, including proliferation, adhesion and migration, as well as
differentiation. The diseases associated with EGFR activity include the
proliferation of tumour cells, pathological neovascularisation, which pro-
motes the growth of solid tumours, neovascularisation in the eye (diabetic
30  retinopathy, age-induced macular degeneration and the like) and inflam-

mation (psoriasis, rheumatoid arthritis and the like).



in the treatnent of conplenent activation-dependent chronic inflamuation
(Niculescu at al. (2002) Imrunol. Res., 24:191-199) and i munodeficien- cy
i'nduced by H V-1 (human i mrunodeficiency virus type 1) (Popik et al. (1998)
J Virol, 7%,(%{3)69 19‘%13) I'n addition, the present nedi Cmﬁt"ﬁyﬁ%@k’" tabl e
as pharmaceutical "active ingredients for mammals, in particular Tor humans,
in the treatment of EGFR-induced di seadds. The term "EGFR-i nduced di seases”
relates to pathol ogical states which are dependent on EGFR activity. EG-R
is involved directly or indirectly in signal transduction pathways of
various cell activities, including proliferation, adhesion and m gration,
as well as differentiation. The di seases associated with EGFR activity
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chronic
bladder cancer, stomach cancer, pancreatic cancer, liver cancer, kidney

cancer, colorectal cancer, breast cancer, head cancer, neck cancer, 0eso-
phageal cancer, gynaecological cancer, thyroid cancer, lymphoma, chronic
15 leukaemia and acute leukaemia are to be regarded as cancerous illness-
es, all of which are usually counted amongst the group of hyperprolifera-
tive illnesses. In particular, cancerous cell growth and in particular can-
cerous cell growth mediated directly or indirectly by EGFR is an iliness

which represents a target of the present invention.

20
C It can be shown that the medicaments according to the invention have an
in-vivo antiprotiferative action in a xenotransplant tumour model. The
medicaments according to the invention are administered to a patient with
a hyperproliferative iliness, for example for inhibiting tumour growth, for
25 reducing the inflammation associated with a lymphoproliferative illness, for

inhibiting transplant rejection or neurological damage owing to tissue
repair, etc. The present medicaments are useful for prophylactic or thera-
peutic purposes. As used herein, the term “treat” is used as reference both
to the prevention of diseases and to the treatment of existing complaints.
30 The prevention of proliferation is achieved by administration of the medi-

caments according to the invention before development of the evident dis-
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et .o RSB o1 CabRSho TR Vi e idcaRont L1 o8 1
concent r at i orecoringtopthe iodentivreban bedsténimined ytin-vitna basts .t hpically, a
culture of the cell is incubated with a medicament according to the inven-
15 tion at different concentrations for a period which is sufficient to enable the
active ingredients to induce cell death or inhibit migration, usually between
about one hour and one week. In-vitro tests can be carried out using culti-
vated celis from a biopsy sample. The vital cells remaining after the treat-
ment are then counted.
20

The dose varies depending on the specific medicaments used, the specific

O

illness, the patient status, etc. Typically, a therapeutic dose is sufficient in
order considerably to reduce the undesired cell population in the target
tissue, while the vitality of the patient is maintained. The treatment is gen-
25 erally continued untii a considerable reduction has occurred, for example a
reduction of at least about 50% of the specific cell count, and can be con-

tinued until essentially no undesired cells are detected in the body.

Various assay systems are available for identification of EGFR inhibitors.
30 In the scintillation proximity assay (Sorg et at., J. of. Biomolecular Screen-
ing, 2002, 7, 11-19) and the flashplate assay, the radioactive phosphoryl-
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phosphgryl ated substrate. This binding can be detected using a second
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., 2002, Bip- _chem J.. [ust about to be bl i scri pt
BJ20020786).|C$ﬁ@r gwé‘ﬂ"’é%ﬁ’&h‘tqu be fuBlishe 663'81?%%&'8@02{19? 25} soct ated with
deregul ation of cell proliferation and of cell death (apoptosis). The

i1l nesses and di s-
There are many illnesses and disease states associated with deregulation

of cell proliferation and of cell death (apoptosis). The ilinesses and dis-

15 ease states which can be treated, prevented or ameliorated by medica-
ments according to the invention include the illnesses and disease states
listed below, but are not restricted thereto. The medicaments according to
the invention are useful in the treatment and/or prophylaxis of a number of
different ilinesses and disease states which involve proliferation and/or

20 migration of smooth muscle cells and/or inflammation cells in the intimal

C layer of a vessel, resulting in restricted blood flow through this vessel, for
example in neointimal occlusive lesions. Occlusive transplant vessel ill-
nesses of interest include atherosclerosis, coronary vascular disease after
transplantation, vein transplant stenosis, peri-anastomotic prosthesis

25 restenosis, restenosis after angioplasty or stent placement and the like.

The present invention relates to the use of the medicaments according to
the invention for the treatment or prevention of cancer. The invention
therefore particularly preferably relates to the use of solid forms of anti-
30  EGFR antibodies according to the invention for the preparation of a medi-
cine for the treatment and/or prophylaxis of tumours and/or tumour meta-
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I nvention can be admnistered to

15 The medicaments according to the invention can be administered to
patients for the treatment of cancer. The present medicaments inhibit
tumour angiogenesis and thus influence the growth of tumours (J. Rak et
al. Cancer Research, 55:4575-4580, 1995). The angiogenesis-inhibiting
properties of the medicaments according to the invention are also suitable

20 for the treatment of certain forms of blindness associated with retinal neo-

C vascularisation.

The invention therefore also relates to the use of solid forms of anti-EGFR
antibodies according to the invention in precipitated, redissolved or sus-

25 pended form for the preparation of a medicine for the treatment and/or
prophylaxis of diseases caused, mediated and/or propagated by angio-
genesis.

A disease of this type involving angiogenesis is an eye disease, such as
30 retinal vascularisation, diabetic retinopathy, age-induced macular degen-

eration and the like.
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degeneration and/or inflammtion diseases. The invention furthernore
relates to t@edpsdniiammalipo sieeasesaccording to the invention for the
treatment and/or prophylaxis of diseases selected fromthe group consisting
of psoriasis, rheumatoid arthritis, contact derma- titis, |ate-type

oversensiti vithe lhﬁéﬁﬂdrpﬁﬂxrth'eﬂﬁbmtbgﬂo 1186 8 RF Fdthicamentsaiceofding to beni gn
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titis, late-type oversensitivity reaction, inflammation, endometriosis, scar-
ring, benign prostate hyperplasia, immunological diseases, autoimmune
diseases and immunodeficiency diseases.

15
The invention also relates to the use of medicaments according to the
invention for the treatment and/or prophylaxis of bone pathologies
selected from the group consisting of osteosarcoma, osteoarthritis and
rachitis.

20

C The medicaments according to the invention can furthermore be used to

provide additive or synergistic effects in certain existing cancer chemo-
therapies and irradiations, and/or can be used to restore the efficacy of
certain existing cancer chemotherapies and irradiations.

25
The invention therefore also relates to the use of solid forms of anti-EGFR
antibodies according to the invention in precipitated, redissolved or sus-
pend'ed form for the preparation of a medicament for the treatment and/or
prophylaxis of diseases in which a therapeutically effective amount of a

30 solid form according to the invention in precipitated, redissolved or sus-

pended form is administered in combination with a compound from the
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efficacy o certarn existing cancer chgnntherapies and irradiations. 30 The
invention therefore also relates to thed8se of solid forms of anti-EGFR
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I nhibitors, 10) growh Tactor receptor inhibitors and 11) "angi ogenesi s

i nhi bitors. Tdbitergéenti on therefore also relates to the use of solid forms

of anti-EGFR antibodies according to the invention in precipitated,
redi ssol ved or sus- pended formfor the preparation of a nmedicanent for the
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with ralglj' ot herapy and a com pound fromthe group_consisting of 1) oestrogen
0

eptor nmodPeaeB forp) fordhapseRaraties o adredisamest & the traatnerbard/Pecept or
ulator, 4} G ALA%f diseases in which a therapeutically effective amount of a

solid form according to the invention in precipitated, redissclved or sus-
pended form is administered in combination with radiotherapy and a com-
pound from the group consisting of 1) oestrogen receptor modulator, 2)

15 androgen receptor modulator, 3) retincid receptor modulator, 4) cytotoxic
agent, 5) antiproliferative agent, 6) prenyl protein transferase inhibitors, 7)
HMG-CoA reductase inhibitors, 8) HIV protease inhibitors, 9) reverse tran-
scriptase inhibitors, 10) growth factor receptor inhibitors and 11) angio-

genesis inhibitors.

20
C The medicaments according to the invention can thus also be adminis-
tered together with other well-known therapeutic agents that are selected
for their particular usefulness against the condition that is being treated.
For example, in the case of bone conditions, combinations that would be
25 favourable include those with antiresorptive bisphosphonates, such as

alendronate and risedronate; integrin blockers (as defined further below),
such as avp3 antagonists; conjugated oestrogens used in hormone
replacement therapy, such as Prempro®, Premarin® and Endometrion®;
selective oestrogen receptor modulators (SERMs), such as raloxifene,

30  droloxifene, CP-336.156 (Pfizer) and lasofoxifene; cathepsin K inhibitors;
and ATP proton pump inhibitors.
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o 2 L0, Yt e Sl SR s e ody s,
i nyl) et hoxy] fllwestrant2#H7-(Bdiomathyint-sxgpigpoamA-mettal&-HeZa{i-pipepdnoat e,
inyl)ethoxy]phenyl]-2H-1-benzopyran-3-yl]phenyl 2,2-dimethylpropanoate,
15 4. 4'-dihydroxybenzophenone-2,4-dinitrophenylthydrazone and SH646.
"Androgen receptor modulators” refers to compounds which interfere with
or inhibit the binding of androgens to the receptor, regardiess of mecha-
nism. Examples of androgen receptor modulators include finasteride and
other 5a-reductase inhibitors, nilutamide, flutamide, bicalutamide, liarozole
20 and abiraterone acetate.
C "Retinoid receptor modulators” refers to compounds which interfere with or
inhibit the binding of retinoids to the receptor, regardless of mechanism.
Examples of such retinoid receptor modulators include bexarotene, treti-
noin, 13-cis-retinoic acid, 9-cis-retinoic acid, a-difluoromethylornithine,
25 ILX23-7553, trans-N-(4'-hydroxyphenyliretinamide and N-4-carboxypheny!
retinamide.
"Cytotoxic agents” refers to compounds which result in cell death primarily
through direct action on the cellular function or inhibit or interfere with cell
myosis, including alkylating agents, tumour necrosis factors, intercalators,

30 microtubulin inhibitors and topoisomerase inhibitors.
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amino-3'-morpholino-13-deoxo-10-hydroxycarminomycin, annamycin,
galarubicin, elinafide, MEN10755 and 4-demethoxy-3-deamino-3-azirid-
inyl-4-methylsulfonyldaunorubicin (see WO 00/50032).

Examples of microtubulin inhibitors include paclitaxel, vindesine sulfate,
J',4'-didehydro-4'-deoxy-8'-norvincaleukoblastine, docetaxol, rhizoxin,
dolastatin, mivobulin isethionate, auristatin, cemadotin, RPR109881,
BMS184476, vinflunine, cryptophycin, 2,3,4,5,6-pentafluoro-N-(3-fluoro-4-
methoxyphenyl)benzenesulfonamide, anhydrovinblastine, N,N-dimethyl-L-
valyl-L-valyl-N-methyl-L-valyl-L-proly!-L-proline-t-butylamide, TDX258 and
BMS188797.

Some examples of topoisomerase inhibitors are topotecan, hycaptamine,
irinotecan, rubitecan, 6-ethoxypropionyl-3',4'-O-exobenzylidenechar-
treusin, 9-methoxy-N,N-dimethyl-5-nitropyrazolo[3,4,5-kl]Jacridine-2-(6H)-
propanamine, 1-amino-9-ethyl-5-fluoro-2,3-dihydro-9-hydroxy-4-methyl-
1H,12H-benzo[de]pyrano[3',4'.b,7]indolizino[1,2b]quinoline-10,13-
(9H,15H)dione, lurtotecan, 7-{2-(N-isopropylamino)ethyl]-(20S)camptothe-
cin, BNP1350, BNPI1100, BN80915, BN80942, etoposide phosphate,
teniposide, sobuzoxane, 2'-dimethylamino-2'-deoxyetoposide, GL331,
N-{2-(dimethylamino)ethyl]-9-hydroxy-5,6-dimethyl-6H-pyrido[4, 3-b]carba-



trone, pirarubicin, pinafide, vairubicin, anrubicin, antineoplaston, 3'-de-
am no- 3' - m)rphol i no-1 3-deoxo- 10- hydr oxycar m nonyci n, annanycin,

gal ar ubi CI MEN1 0755 and 4-demet hoxy- 3- dea irid-
i nyl - 4- rret #’Fﬁ#ﬁfl daunor ubi ci n (see WD 00/50032). ?ﬁﬂ‘&é’@%@lzsn

m crotubulin inhibitors include paclita#¢l, vindesine sulfate,
3', 4" -didehydro-4'-deoxy-8'-norvincal eukobl astine, docetaxol, rhizoxin,
dol astatin, m vobul | n [ set h| onate, auristatin, cenmadotin, RPR109881,
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hycapt am ne, 5 5& BMQGaTexohybndfmm:Bf 46 7)naphtho(2 3-d)- 1 3-d|oxol-6-one
6- et hoxypr opi on O exqgbenzyl i denechar- treusi
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antsmetaboiltes, such as enocitabine, carmofur, tegafur, pentostatm
doxifluridine, trimetrexate, fludarabine, capecitabine, galocitabine, cytara-

15 bine ocfosfate, fosteabine sodium hydrate, raltitrexed, paltitrexid, emitefur,
tiazofurin, decitabine, nolatrexed, pemetrexed, nelzarabine, 2'-deoxy-2'-
methylidenecytidine, 2'-fluoromethylene-2'-deoxycytidine, N-[5-(2,3-di-
hydrobenzofuryl}sulfonyl]-N'-(3,4-dichlorophenyl)urea, N6-[4-deoxy-4-[N2-
[2(E),4(E)-tetradecadienoyl]glycylaminoj-L-glycero-B-L-mannohepto-

20 pyranosyl]adenine, aplidine, ecteinascidin, troxacitabine, 4-[2-amino-4-

C ox0-4,6,7 8-tetrahydro-3H-pyrimidino[5,4-b]-1,4-thiazin-6-yl-(8)-ethyl]-2,5-
thienoyl-L-glutamic acid, aminopterin, 5-fluorouracil, alanosine, 11-acetyl-
8-(carbamoyloxymethyl)-4-formyl-6-methoxy-14-oxa-1,11-diazatetra-
cyclo(7.4.1.0.O)tetradeca-2, 4,6-trien-9-ylacetic acid ester, swainsonine,

25 lometrexol, dexrazoxane, methioninase, 2'-cyano-2'-deoxy-N4-palmitoyl-1-
B-D-arabinofuranosyl cytosine and 3-aminopyridine-2-carboxaldehyde
thiosemicarbazone. "Antiproliferative agents" also include monoclonal
antibodies against growth factors other than those listed above under
"angiogenesis inhibitors”, such as trastuzumab, and tumour suppressor

30 genes, such as p53, which can be delivered via recombinant virus-medi-

ated gene transfer (see US Patent No. 6,069,134, for example). Medica-



met hoxy- 9- oxo- 9H-t hi oxant hen-4-yl net hyl ] f or mam de, N-(2-(di met hyl -

am no) et hyl ) acri di ne- 4- car boxam de, 6-[[2-(di net hyl am no) et hyl ] am no] - 3-
hydr oxy- 7H. -c] quinolin-7-one and di mesna. "Antj ' Lve
agents" i m(ﬂﬂ'@g@hg"f%ense RNA and DNA ol i gonucl eo- ti deé’!&‘rg@@h&%%l%,
CDN698, RVASKRAS, GEM231 and | NX3001, adAd- antinetabolites, such as

enoci t abi ne, carnofur, tegafur, pentostatin, doxifluridine, trinetrexate,

fl udar abi ne, capecitabi ne, gal ocitabine, cytara- bine ocfosfate, fosteabine
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[2(E), 4(E) - vephateacelticahagtiegingyedientsi wiokh larg suitabledn Bonnsetimrovitht o-
ranosyl ] adeni ne, aplidjne, ecteinascidin, troxacitabine, 4-[2-am no-4-

gio- 4, 6?/7], 8- the Paﬂwﬁ?ﬁfﬁ'nnssirq'ﬁaﬁ%o[ 5,4-b] -1, 4-t hi azi n- 6-yl - E S)-ethyl]-2, 5-

t hienoy -L-glutam c acid, am nopterin, 5-fluorouracil, alanosine, 11

-acetyl - 8-(carbanoyl oxynet hyl)-4-fornyl - 6-net hoxy-1 4-oxa-1, 11

- di azat et r a- Faylepndret sblif fomehcastairg 1o, the Gnveriton &f-artibogidscacord- ester,

swai nsoni ne, | onetrexol, dexrazoxane, nethi oninase,

2' - cyano- 2' - iR@igthednyentian mprecipitatad, sedissalved i suspendsd frmeanbe
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than those |iEgrER. RPQY@tiONAREY aré paHRIURIIRSSStdUM FH iR iR diagnedlicas

trastuzymab, and tunmour suppressor genes, such as p53, which can be
i ver’l® vi metbodsforribmessesrinsonpectiomwit upsegulateshor distursed EGFRat ent  No.

T 25! S TR ol R B 3 P 2.,
CErT oo o S SR hBCaBE Ly A BB bRcBIRET S0
i n connect i omedissbived or suspended form as activators or inhibitors of EGFR, par-
ticularly preferably as inhibitors of EGFR.
15
For diagnostic purposes, antibodies according to the invention can, for
example, be radioactively labelled. A preferred labelling method is the
iodogen method (Fraker et al., 1978). For diagnostic purposes, the anti-
body is particularly preferably used as the F(ab')2 fragment. Excellent
20 results are achieved thereby, meaning that background subtraction is un-
C necessary. Fragments of this type can be prepared by known methods
(e.g. Herlyn et al., 1983). In general, pepsin digestion is carried out at an
acidic pH, and the fragments are separated from undigested IgG and
fragments of heavy chains by protein A Sepharose™ chromatography.
25
The precipitates and/or crystals according to the invention preferably
exhibit an advantageous biclogical activity which can easily be detected in
enzyme assays, as described in the examples. In enzyme-based assays of
this type, the antibodies according to the invention preferably exhibit and

30 cause an inhibiting effect, which is usually documented by ICs; values in a



t he above-nentioned di seases. Furthernore, solid forns according to the
invention of antibodies accord- ing to the invention in precipitated,

r edi ssol ve nded formcan be used for the isol '
investigatﬁ’(gfr)lfog?b%a € activity or expression of EGR I%kg iz@llga}ﬁssghey are

particularly suitable for use in diagno48irc nethods for illnesses in
connection with unregul ated or disturbed EGFR activity. The invention
therefore furthernore relates to the use of solid forns of anti-EGR

Suspended 1 orirade 28008 ArsraBV RHhP i ERroEf g R merd BV
preferably ashd AGhdmbRIFrsamge EGFR. For diagnostic purposes, antibodies

according to the invention can, for exanple, be radioactively |abelled. A
preferred labelling nethod is the iodogen nethod (Fraker et al., 1978). For

di agnostic pﬁégésesl!Ihe aﬁth-.body Is particularly preferably used as the
F(ab')2 frag 2= O95esults are achi eved t her eby, neani ng that
backgr éund sLﬁé@a&ﬁr@&eﬂgﬁmtﬁhﬁoﬂerﬁsmsytne%r@gaﬁnmeﬁgioﬁ Bhéo:ﬁﬁﬁé‘sésaéll be
prepared by known nethods (e.g. Herlyn at al., 1983). In general, pepsin

di gestion i s determinaétiontmethods knawndo ¢he perssomdskilted irr thgrarhosframetheepar at ed
fromundi gested 1gG and fragnents of heavy chains by protein A SepharoseTM
chr omat ogr apm¥eraH€- pr eci pi t at es and/ or crystals according to the invention
preferably exhibit an advantageous bi ol ogical activity which can easily be
detected in enzyne assays, as described in the exanples. In enzyne-based

assays of t hCeystatlie stroetupes cdo e cletermined,) fog ekamble; withvefiérepcepo ef er abl y
exhi bi t1 and cause an inhibiting effect, which is usually docunented by |Cso

(o5, 1, TmSstopests e emicien mesbionent oomiaiens 0 |
t he nanonol a?&P’%%ré‘E{.e ﬁﬂé%frné’lsnrbgt‘?{@r?%ngshéﬁg: '&égﬁ?@? ﬂgvggg?é?%ﬁnbg I on rrgt hods,
the present idetenhined MNRRITBSSERS sildies using polarising filters. Further deter-
mination methods, without being restricted thereto, encompass electron
photomicrographs.
15
The determination of protein size, structural integrity, purity or glycosyla-
tion pattern of the solid forms according to the invention in precipitated,
redissolved or resuspended form encompasses, without being restricted
thereto, SE-HPLC, peptide mapping (digestion), N-terminal sequencing,
20 SDS page, TRIS/glycine gradient gel (non-reducing), the FTIR {Fourier
C transform infrared spectra) method, CD (circular dichroism), RAMAN
spectroscopy, carbohydrate staining (PAS method), oligosaccharide pro-
filing, determination of the monosaccharide composition and isoelectric
focusing.
25
The stability of solid forms or formulations according to the invention can,
for example, be determined, without being restricted thereto, with the aid
of stability programmes, for example storage at 25°C and 60% relative
atmospheric humidity and at 40°C and 70% relative atmospheric humidity
30 over an extended period and determination of the stability or structural
integrity of the protein at regular intervals, for example by the above-men-



determ nati on net hods known to the person skilled in the art or fromthe
literature. Crystalline structures can be determ ned, for exanple, with

reference to _diffraction spectra in the X-ray diffraction neasurenent. In
parti cul ar wo @P?/gﬁlé"fsl i ne structures of antibodies accor d'l%l:fé“tzgm ¥ nventi on
can be determ ned by mcroscopic studié4-using polarising filters. Further
deter- mnation nethods, w thout being restricted thereto, enconpass

el ectron photom crographs. The determ nation of protein size, structural

integrity, purit r glycosyla- tio t n_of 1 |id forps. according to
the inventi ont'(?"?gdpﬁ?%t@ﬂﬂ?{'lagpéd?ethpgﬁR§E§T|éﬁél 8?"8& '%rﬂfgﬁ (f Nheonpasses,
W t hout bei ngnér?—?éddé?ﬁ@ﬁl thereto, SE-HPLC, peptide nmapping (digestion),
N-term nal sequencing, ' SDS page, TRI S/ glycine gradient gel (non-reducing),

the FTIR (Fourier transforminfrared spectra) method, CD (circular

di chroi sm, RAVAN sfpect rgscopy,  car boh%/drat e staining (PAS nethod),
ol i gosacchar i Methgads-for the deterpinatipniai the Biplegicalactivity &5 &Hfigacyi d&0bdnposi ti on

and isepel ectry f I e il . ' ] tions
according to I’toﬁrgsia%\%ﬁ#ﬁ@%o E(!:{aén',n %@Edr"l' Ieri(%/lrr?%jpe't,%?%degajé‘"?éelrrﬁﬁ’%%;@\%g@hogut bei ng
restricted th@rbr?—bg;staﬂimél, dibsolaéd or elispdrited fory arceeipssefor dxampgeanpl e
storage at 25C and 60%rel ative at rmsEheri ¢ humdity and at 40C and 70%

rel ative at nowiiheutkeing restrieled thomto abLISA, dielegicabeslbassayws, RO/ nati on of
the stability Br structural integrity of the protein at regular intervals,
for exanple b9 t he above-nmen WO 2005/ 051355 PCT/ EP2004/ 012837 -44 5 10 15
20 25 tioned determ nation nmethods (SE-HPLC, FT-1R, SDS-PAGE (reducing or
non-reduci ng)). Methods for the determ nation of the biological activity or
g:I/i cac\¥ of shiethibdsffor the deteomitiatigntaf retiecédhaggregation temdergymfisatidd
stalline, precipitated non-cthést alline, dissqglved or suspended form

enconpass, f olOMER RIS aCCQUONELIG éWE,{’t}Oé‘s'f‘rﬂr@?'Baatfeﬁe?r&?@,ﬁ‘rﬁ_l SA, bi ol ogi cal
cel | assays, EH-RiRfed fbh-crystalline, dissolved or suspended form and thus the

possibility of preparing highly concentrated formulations, the crystal size
or precipitate size encompass, for example, without being restricted

15 thereto, visual inspection, sub-visible particles analysis, nephelometry or
turbidimetry or dynamic light scattering characterisation.

Above and below, all temperatures are indicated in °C. In the following
examples, “conventional work-up” means that water is added if necessary,
20 and, if necessary, the pH is adjusted to between 2 and 10, depending on

the constitution of the end product.

O

Example 1: Agents and precipitation and/or crystallisation condi-
tions which can be used in accordance with the invention
25 The foliowing list includes in each case all feasible hydrates, related
salts and derivatives of the said compounds which are known to the

person skilled in the art.

30



Met hods for the determ nation of reduced aggregati on tendency of solid
forms fornms according to the invention in precipitated crystalline,

precipitat = stal line, dissolved or suspended fo ﬂ‘?’g t %he
possi bili t‘s’q’ﬁ%‘?@%ri ng highly concentrated formnul ati o%?,r %04@?2;83 al size
or precipitate size enconpass, for examdbPe, without being restricted
thereto, visual inspection, sub-visible particles analysis, nephelonetry or
turbidimetry or dynamc light scattering characterisation. Above and bel ow,

all tenperatures are indicated in C. In the follow ng exanples,
"conventional work-up" nmeans that water is added if necessary, and, if

necessary, the pﬁécﬁpi?ﬂ@ﬁ@eﬁ%: between 2 and 10, depending on the
constitution of € € product. Exanple 1: Agents and precipitation and/or
crystallisation condi- tions which can be used in accordance with the

i nvention Thﬁz fo!él ﬁ)vyi ng list includes in each case all feasible hydrates,
related salts a rivatives of the said conpounds which are known to the

per sonsski | | i 1 / 837 45 C 5 10
5 30 35 30 O PPOIEHE splhm doottho ERaratd: dotasstal BHieRag, CoditYongt Facet at e
trihydrate, rideassodiunebitate dihydsatei dipotddsiumrhydieogénphosphate, digo-at e

di hydrat e, di potassi um hydrogenphosphate, diso- di um hydrogenphosphate
di hydrate, afisahydicgenphesphatgeifydiaien d8imeniue sulfatBn@TMBYYRIFE- amoni um

chloride, trj i L ClLtr j - - i . [ , ni um
di hydr oge _nph@%‘ﬂhtbwmmﬁnﬁ' %‘Wﬂ%@éﬁgﬂgégﬁ%ﬂsﬁ'pﬁ#%@ﬁ?ar trate,
citric acid aRmENdmAWRIrogemeifar? sthmesilAPGhyYERAPAbSphatet arpirpL br omi de,
tri potz siumcitrate ‘nonohydrate, potassium di hydrogenphosphate, potassium
f at € nagniumebydragenphaspehate: dianydeniue) tarugtes sittierabidombaehydratehy dr at e,
ne- imidazole, potassium acetate, potassium bromide, tripotassium citrate
monohydrate, potassium dihydrogenphosphate, potassium sulfate, mag-
nesium acetate tetrahydrate, magnesium bromide hexahydrate, magne-
sium chloride hexahydrate, magnesium sulfate heptahydrate, sodium
15 dihydrogenphosphate monohydrate, sodium sulfate decahydrate, proline,

succinic acid, zinc acetate dihydrate, zinc sulfate heptahydrate

1.2 Polymers:
for example polyethylene glycol (PEG):
20 cyclodextrins, dextran, sodium carboxymethylcellulose (Na-CMC), polox-
C amer, polyacrylic acid, polyethylene glycol monomethy! ether (MPEG),
polypropylene glycol (PPG), polyvinyl alcohol (PVA), polyvinylpyrrolidone
(PVP)

25 1.3 Organic solvents:
for example ethanol, glycerol

2. Adjuvants;
for example viscosity-modifying substances, detergents (for example

30 Tween®, Soiutol® HS 15, Pluronic®, Cremophor® EL, Avacel® 20, poly-



sium chl ori de hexahydrate, nagnesi um sul fate heptahydrate, sodium
di hydr ogenphosphat e nonohydrate, sodium sul fate decahydrate, proline,
succinic acid, zinc acetate dihydrate, zinc sulfate heptahydrate 1.2

Pol yrers: %@' @gﬁ% s pol yet hyl ene glycol (PEQ: cycl Od‘li‘béﬁ“fﬂﬂfmm%%ra”
oxynet

sodi um car hyl cel | ul ose (Na-CMJ),  pol ox- aner, yacrylic acid

pol yethyl ene glycol nononethyl ether ( G, pol ypropyl ene glycol (PPG,
pol yvi nyl al cohol (PVA), polyvinylpyrrolidone (PVP) 1.3 Organic solvents:
for exanple ethanol, glycerol 2. Adjuvants: for exanple viscosity-nodifying

B ur ont o(r) , SEYEREERBRErSRin FEABIe ) FESRAhd soshlsoBuplioid Zer
PCT/ EP2004] 04aB@éthanth ARforaRl) Sotpiang BgenAEDTATEGTA i  an

nonool eate), reducing agents (gl utathione mer - capt oet hanol ,
dithiothreitol), conplexing agents (EDTA, EGITA) 3. Buffers: for exanpl e
phosphat e buffer; (or K) phosphate; also with addition of isotonicity
agents (for xangﬁaléﬁaﬂ (or KCl)), possible pH about 6.0-8.2 citrate

buf ferS Na cidiedafnde pﬁbtsgshﬁeacmﬂér ERET k? ghskbr@éza%lsa vAttPadditioh®® Wi th

addition of isotonicity agents (for exanple Cl); other salts are al so con-
cei vabl e for nmlc&pagamtcdfarmameua@t(er K@ﬂ)f)epcsqﬂﬂea:&babout B0-8@2 3 acetate

78 gl ut ani cORAEDUBHT ANBCIEHa B STF gEichBOPRDIG B SRSt G ARG MBI yoi ne):
pH about 8. 6 a48itibR o |soton|C|ty agents (for example NaCl); other salts are aiso con-
ceivable for the isotonisation.
's 10 succinate buffer: pH about 4.8 — 6.3
acetate buffer: sodium acetate, pH about 2.5 -6
histidine buffer. pH about 6.0 -7.8
glutamic acid: pH 8.0t0 10.2
glycine (N,N-bis(2-hydroxyethyl)glycine): pH about 8.6 to 10.6
15 glycinate buffer: pH about 6.5 - 7.5
imidazole: pH6.2t0 7.8
potassium chloride: pH about 1.0t0 2.2
lactate buffer: pH about 3.0 - 6.0
maleate buffer: pH about 2.5-5.0
20 tartrate buffer: pH about 3.0 - 5.0
C TRIS: pH about6.8-7.7
phosphate/citrate buffer

4.  pH range:
25 The theoretically conceivable pH is pH 4 — 10, preferably pH 5 - 9

5. Temperature range:

The theoretically conceivable temperature range is the temperature from

-10°C to 40°C,; preferably 0-25°C, particularly preferably from 4°C to 20°C.
30



gl ycinate buffer: pH about 6.5 - 7.5 imdazole: pH 6.2 to 7.8 potassium
chloride: pH about 1.0 to 2.2 l|actate buffer: pH about 3.0 - 6.0 nuleate

buf fer: tartrate buffer: pH about 3 S: pH
about 6. B%f%&’?éﬁ%sgphat e/citrate buffer 4. PH range: HgTWZ%og@f#gRgl |y

conceivable pHis pH 4 - 10, preferably4pH 5 - 9 5. Tenperature range: The
theoretically conceivable tenperature range is the tenperature from -10Cto
40C, preferably 0-25C, particularly preferably from4C to 20C. WO
2005/ 051355 004/012837 -47 CC5 10 15 20 25 30 6. Stabilisers: 6.1
Am no aci ds: for = arginine, omthine, lysine, histidine, glutamc
acid, aspartic acid, isoleucine, |eucine, alanine, phenylalanine, tyrosine,
trypt ophan, nethionine, serine, proline 6.2 Sugars and sugar al cohols: for
exanpl e sucr 6sle, Aaco asigds: glucose mannose, maltose, gal actose, fructose,
sor bose, raf nose trehal ose, .gl.ucosam ne, . N net lucq am ne,

Bistiging; gt Ric

gal act osani n r SX@iRieRRI'ARE OFNIBNING Y $iRed , @RAHe sodi um
bi sul f igt e, ?E@Lg&eﬁﬁ)le@&ﬁgrgﬂﬁw@ H%eﬁ?faﬁrﬁg tgl'!ﬁ%‘] 5{ Syl sol e (BHA),

but yl hydr oxyt ol Uene cyst el ne ual ar'e aC| d (NDGA),

monot hi ogl ycafethionfedisering] pralihet e, sodi um net abi sul fi te tocopherol S,
gl ut at hi one

6.2 Sugars and suqgar alcohols:

for example sucrose, lactose, glucose, mannose, maltose, galactose,
C 10 fructose, sorbose, raffinose, trehalose, glucosamine, N-methylgiucos-

amine, galactosamine, neuramic acid

6.3 Antioxidants:

for example acetone sodium bisulfite, ascorbic acid, ascorbic acid esters,
15 butylhydroxyanisole (BHA), butylhydroxytoluene (BHT), cysteine, nordi-

hydroguaiaretic acid (NDGA), monothioglycerol, sodium bisulfite, sodium

metabisulfite, tocopherols, glutathione

6.4 Preservatives:
20 for example m-cresol, chlorocresol, phenol, benzy! alcohol, methylpara-
C ben, propyiparaben, butylparaben, chiorobutanol, phenyl mercury nitrate,
phenyl mercury acetate, thimersal, benzalkonium chloride, benzethonium
chloride

25 6.5 Cyclodextrins:
for example hydroxypropyl-B-cyclodextrin, sulfobutylethyl-B-cyclodextrin,

y-cyclodextrin, a-cyclodextrin

6.6 Albumins:

30 for example human serum albumin (HSA), bovine serum albumin (BSA)



6.4 Preservatives: for exanple mcresol, chlorocresol, phenol, benzyl

al cohol , net hyl para- ben, propyl paraben, butyl paraben, chiorobutanol, phenyl
nercury nitrate, phenyl nmercury acetate, thinmersal, benzal konium chl oride,
benzet honi Wi 206dMls@sssde 6.5 Cyclodextrins: for exanple pcr/EP2004/012837

hydr oxypropyl - R-cycl odextrin, sulfobuty|ethyl-p-cyclodextrin,

y-cycl odextrin, a-cyclodextrin 6.6 Al buntns: for exanple hurran serum al bum n
(HSA), bovine serum al bum n (BSA) WO 2005/ 051355 PCT/ EP2004/ 012837 -48 C5
10 15 20 25 30 6.7 Polyhydric al cohols: for exanple glycerol, ethanol,

manni tol 6. 8gSal pgtyh&eﬁcgm@ acetate salts (for exanple sodium acetate),
magnesi um chl orTdé, calcrum chl ori de, tronetham ne, EDTA (for exanple
Na- EDTA) 7. fwexampie plycersnethanbhmanratghl e sodi um chl ori de, potassi um
chloride, glucose, glycerol, dex- trose, sodiumchloride, sodiumsulfate
Exampl e 2: Crystal I I sation of ErbituxTM w th amoni um sul fate 500 pl of
protein (20 ﬁty 10 mM phosphate, pH 8.0) 400 pl of buffer (10 nM
phosphate 8. ‘00 pl of precipitant (saturated amoni um sul fate
sol utién in ﬂcﬁeﬁh@@scetaltmsaus (for 8xa&mnplensodidehi aoewte())fmagnesmml pi tat i on
reagents to the protein sol ution is carrjed Eﬁ i n sol Utlonf_(D'ﬁé
process). Af ERlPrigaeCacive el lpg e emethamiaes kB (feeexampiedNg
shaki ng". The process can be carried out at roomtem perature or 4C.
Exanple 3: Crystallisation of ErbituxTM w th ethanol

7.  lsotonicity agents:

for example sodium chloride, potassium chloride, glucose, glycerol, dex-
c 10 trose, sodium chloride, sodium sulfate

Example 2: Crystallisation of Erbitux™ with ammonium sulfate
500 pi of protein (20 mg/ml in 10 mM phosphate, pH 8.0)
400 pl of buffer (10 mM phosphate, pH 8.0)

15 100 ! of precipitant (saturated ammonium sulfate solution in 10 mM phos-
phate, pH 8.0)
The addition of the precipitation reagents to the protein solution is carried
out in solution (batch process). After the pipetting, the sample should be
20

mixed by “hand shaking’. The process can be carried out at room tem-
C perature or 4°C.

Example 3; Crystallisation of Erbitux™ with ethanol
500 i of protein (20 mg/ml in 10 mM citrate, pH 5.5)
25 400 yl of buffer (10 mM citrate, pH 5.5)
100 pl of precipitant (50% (v/v) of ethanol in 10 mM citrate, pH 5.5)

or

30 500 pl of protein (20 mg/ml in 10 mM citrate, pH 5.5)
500 ul of precipitant (50% (v/v) of ethanol in 10 mM citrate, pH 5.5)



500 pl of protein (20 nmg/m in 10 nMcitrate, pH 5.5) 400 pl of buffer (10
mvlcitrate pH5 5) 100 pl of precipitant (50% (v/v) of ethanol in 10 mM

citrate, 55000 pl of protein (20 ng/m in 10 5.5)
500 pl of reC| | ant (50% (v/v) of ethanol in 10 M\Acryhg}tﬂé&wa”ggg)

2005/ 051355 PCT/ EP2004/ 012837 -49 C C4210 15 20 25 30 The addition of t he
preci pitation reagents to the protein solution is carried out in solution
(batch process). After the pipetting, the sanple should be m xed by "hand
shaki ng”. The process can be carried out at roomtem perature or 4C.
Exanple 4: Precipitation of ErbituxTM w th ammonium sulfate 500 pl of

protein (20 Wﬂé@ddﬁtmrﬂﬁtﬁMméaFRémweédérﬁs £ tHeOsrokein @bl utio?Cis Riakted
(saturated ammni um sulfate solution in 10 m\/lrg‘;los- phat e, BH 8.0) or 200 pl

of protein (outiRgakitiom(betchrgsesshiftes the pireting,dbe sampde spedlsi b t ant

of protein ( SodLPR e SofiRg T obeos Fal BoRaBieq BB TorB LR ne T "
(saturéted a irdds4dd ate solution in 10 nMcit- rate, pH 5.5) or 200 pl

of protein (20 mg/m in 10 mMMcitrate, pH 5.5) 800 pl of precipitant
(saturated ammoni um sul fate solution in 10 mMcit- rate, pH 5.5) The

addition of phe Rig%:Phhebipanbn st Eibied™ Wit BhihShin Suflasg” ' 2" ed
500 ul of protein (20 mg/ml in 10 mM phosphate, pH 8.0)
500 ut of precipitant (saturated ammonium sulfate solution in 10 mM phos-

c_ 10 phate, pH 8.0)

or

200 pl of protein (20 mg/ml in 10 mM phosphate, pH 8.0)
15 800 ul of precipitant (saturated ammonium sulfate solution in 10 mM phos-
phate, pH 8.0)

ar

20 500 i of protein (20 mg/ml in 10 mM citrate, pH 5.5)

C 500 ul of precipitant (saturated ammonium sulfate solution in 10 mM cit-
rate, pH 5.5)

or
25

200 pi of protein (20 mg/ml in 10 mM citrate, pH 5.5)
800 pl of precipitant (saturated ammonium sulfate solution in 10 mM cit-
rate, pH 5.5)

30 The addition of the precipitation reagents to the protein solution is carried
out in solution (batch process). After the pipetting, the sample should be



out in solution (batch process). After the pipetting, the sanple should be
WD 2005/ 051355 PCT/ EP2004/ 012837 -50 C 5 10 15 20 m xed by "hand shaki ng".

The procesg,, C arried out at roomtem perature or 5:
Pr eci pi tatﬁ’?ﬁ%@?&%’% tuxTM wi t h PEG 500 gl of protein (Eégﬁd’gﬁ]%%?#gio nvi
phosphate, pH 8.0) 500 pl of precipitandO0¢50% (w v) of PEG 4000 in 10 nM

phosphate, pH 8.0) or 500 pl of protein (20 ng/mM in 10 mMMcitrate, pH 5.5)
500 pl of precipitant (50% (wv) of PEG 4000 in 10 mMcitrate, pH 5.5) or

500 pl of protei 0O nmg/m, .in, nmM phosphate, pH 8.0 00 of

rech i tant (UG PU g RakieS 500 RESES AR bRsebried o0t affeombiedr s00 pi of
protein (20 @{%réﬁ4Q.m citrate, pH 5.5) 500 pl of precipitant (50% (w v)
of PEG 8000 [n 10 citrate, pH 5.5) 25 30 The addition of the
precipitation reagents to the protein solution is carried out in solution

e o T
Ex 6: G ' Ny T
TS SRR Al RO e S

bi r ef ri ngent 5pOQeF prespivdrit¢BOW Qv Yol REG 400Cinye0 Al phdsphate, B8 &0P5/ 051355
PCT/ EP2004/01283$ IE’51 C Cg 10 Y pABSP pe &:0p

or

C 10 500 pi of protein (20 mg/ml in 10 mM citrate, pH 5.5)
500 ul of precipitant (50% (w/v) of PEG 4000 in 10 mM citrate, pH 5.5)

or

15 500 pl of protein (20 mg/mi in 10 mM phosphate, pH 8.0)
500 ul of precipitant (50% (w/v) of PEG 8000 in 10 mM phosphate, pH 8.0)

or

20 500 pl of protein (20 mg/ml in 10 mM citrate, pH 5.5)
C 500 pl of precipitant (50% (w/v) of PEG 8000 in 10 mM citrate, pH 5.5)

The addition of the precipitation reagents to the protein solution is carried
out in solution (batch process). After the pipetting, the sample should be

25 mixed by “hand shaking”. The process can be carried out at room tem-
perature or 4°C.

Example 6: Microscopic investigation of the crystal form
The crystals obtained in Examples 1 and 2 were investigated by micros-
30 copy. Both the birefringent properties which are typical of crystals and the



15 20 25 stainability wwth Coomassie Brilliant Blue which is typical of
proteins were detected. Crystals having a size of about 50-200 pm were

f ound. Exa&BI%%%dsﬂggvesti gation of the precipitates forpgg}ﬂ%‘g’gﬁlgpﬁ

precipitates ainéd in Exanples 4 and_ 5 were redispers I'Nvesti gat ed
by FT-1R spectrometry. The amide 1-2. delivation spectra of the starting
mat eri al before precipitation and of the redi spersed precipitate were
congruent. Exanple 8: Performance of the crystallisation nmethod described in

W02072636 | r c . ts £r L i 02072636,
it was fi rsgtaﬁﬁi’i'h%tk'gﬁ‘, 8§§#‘8%§§n¢’m%te@b‘8r Al %@i@’@!"f@gfﬁ‘é@e%02072636,
to obtain ch¥glcide Which can subsequently be used as seed crystal by neans
of the Wzard | screen. Although needl e-shaped crystals were obtained under
t he precipit &rysialsd@ving asize ofsabayut S&-200mne wWese fendr cal ci um  acet at e,

t hey were, however, likewise formed in citrate buffer solution w thout

protein. Thus, the needl e-shaped crystals descri bed are obtained both from

the prétein 18- i 7 ' drotein) wusing the
process descER HipIgY %\g%g%g%ﬁqﬁﬂ‘?sl cl ie%'r%tfe%\gr%}mﬁ?lt?hat t hese are
presunmabl y aThbgsécipitatesiobtainedus Examples 4 st Blverefedispensed-and pi t ati on

reagent. 30 WD 2Q05/ 051355 PCT/ EP2004/ 012837 . -52 Patent. Claims C5 10 1
Sol i d form ofnvastigated RydrRIR speskapelivg 1 be amide 2, derivalionspestrami/ or

fragments whj ' [ Woy:} . i ' L~ LAr ough
di ssol ution %@%‘é@ﬁ'@@?&éﬁ' %bg%'g 5§§bhé%%nh¥§5?§ h%ﬁg%e’géatpg?@@ﬁ%@t ation of
the anti bodywanslcongmeeatof its variants and/or frag- nents dissol ved or

suspenqﬁd i n agueous nedi um by nmeans of a precipitation reagent.

C

Example 8: Performance of the crystallisation method described in

WO002072636

In order to check the results from Patent Application W002072636, it was

first attempted, in a control experiment as described in W002072636, to
15 obtain crystals which can subsequently be used as seed crystal by means
of the Wizard | screen. Although needle-shaped crystals were obtained
under the precipitation conditions using calcium chloride or calcium
acetate, they were, however, likewise formed in citrate buffer solution
without protein. Thus, the needle-shaped crystals described are obtained
20 both from the protein solution and the negative control (without protein)
C using the process described in WO02072636. it is clear from this that

these are presumably at best protein inclusions in crystals of the pre-

cipitation reagent.

25

30



2. Solid formaccording to Claim1, characterised in that use is made of
salts, pol yrrers and/ or organic solvents as precipitation reagent. C 15 20 25

30 3. Solig sfqsording to Gaim2, characterised in made of
amoni um squéa{ie sodi um acet at e, SOdI umcitrate, pot asgﬁﬁéﬁ% o@!iﬁ‘ﬁat e, PEG

and/ or ethanol as precipitation reagem524 Solid formaccording to one of
Clains 1 - 3, characterised in that it is a precipitate. 5. Solid form
according to one of Clainms 1 - 3, characterised in that it 1is a crystal. 6.
Solid formaccording to one or ?a?% P%u 1 to 5 characterised in that
the anti-EGFR anti body is nonocl on M-8 rine or human origin. 7.
Solid formaccording to Caimé6, characterised in that the anti-EGR

antibody is of rmurine origin and is chinmeric or humani sed. 8. Solid form
according told aSﬂild’fomha an eotiikbRiantibedy andéoraome OEG:VEFIams iandiyr i s Mab

C225 (cetuxi mab), or h42 05/ 0 5 PCT/ EP2004/ 012837
.53 C 5 10 15 2ofr§§m§6 Bdéé&lgﬂfé‘? M Ve ang .Y PLOteY] d form of an
anti - EBFR anti bo f liA AgARIM

results in biol og‘:m“@& fsgbg}gﬂt&ﬁvde} SéJnPéﬁg'%;' pr o g?ﬁgtrﬁd(%@hgdl SSO ut i on or

suspension in apesipitatioadfine aotinody Brdics edeiof itsharianteaadior frady and/ or one
of its wvariants and/gr fragnent s @5@4@' ved or susaendﬁd I n aq eous sol u-

tion is precipitREEE Bpsalvgd Or susge I"pPRERIUSTIPERR Ym%ﬁﬂf‘?k% pre-
cipitation pr Oduﬁlteciiﬁta'fﬁﬂaré%gﬂt. of f.

C 10 2 solid form according to Claim 1, characterised in that use is made of

salts, polymers and/or organic solvents as precipitation reagent.

3.  Solid form according to Claim 2, characterised in that use is made of
ammonium sulfate, sodium acetate, sodium citrate, potassium phos-
15 phate, PEG and/or ethanol as precipitation reagent.

4. Solid form according to one of Claims 1 — 3, characterised in that it is
a precipitate.

20 5.  Solid form according to one of Claims 1 — 3, characterised in that it
C is a crystal.

6. Solid form according to one or more of Claims 1 to 5, characterised in
that the anti-EGFR antibody is monoclonal and of murine or human
25 origin.

7. Solid form according to Claim 6, characterised in that the anti-EGFR

antibody is of murine origin and is chimeric or humanised.

30 8.  Solid form according to Claim 7, characterised in that the anti-EGFR
antibody is Mab €225 (cetuximab) or Mab h425 (EMD 72000).



10. Process according to aim9, characterised in that use is nmade of
ammoni um sul fate, PEG and/or ethanol as precipitation reagent. 11. Process

accordi ng ﬁﬁﬁlﬂ%s% or 10, characterised in that the pf’%ﬁzﬁoﬂ#}oétzg?”i ed
C 0 :

out in bat 12. Solid formaccording to one or re’o aims 1 to
8 as storage- stable nedicanent. 13. Ph2%maceutical preparation conprising
at least one solid form according to one or nore of Clains 1 to 8 in
precipitated non-crystal- line, precipitated crystalline or in soluble or
suspended form and optionally excipients and/or adjuvants and/or further
pharmaceutical active ingredients. 14. Pharmaceutical preparation according

to O aim 13, gchapasdedkifethe prephfitiont ofea S0iid RPAVOTEERILEGER @ntibedy0 - 200
ng/ M. 15. Pharnaceutical preparation according to Caim 14, characterised

in that the antandidy coerafdstvwatientsand/osfragmests whiah reswts 1obielaE41 355

PCT/ EP2004/ 012837 I_5é' C5 #%dglf ZP.Z 30 %6 U?li of a solid. formof an
anti - EGFR ant i botd Yo VE-an frptein fypHgh digso R B SYSPEGRHER'S accor ding
to oneSor more Obolbdidelir, charatterisse iPtRR Mabhiibodf afalepeheidtasvhi ch
conprises the biologically active antibody and/or one of its variants

and/ or fragnent svamamns endforfeagnentsatissnliyed af suspendeddniggueausdo-yst al | i ne

or in dissolved gr suspended form 17. Use according to Claim16 for the
preparation of allfRé BiesiPrated PyaeansefiapraciRiialiop e 985%@5%?@ P~ t unour s

and/ or tunour m&@ﬁ%ﬁéﬁgmé&lj ﬁ%ﬁg%%'ng to Caim17, where the tunour is

selected fromthe  group consis ain tunmour, tunour of the
urogenital tract, tunmour of the lynphatic system stomach tunour, | aryngeal
t umour nonocytic | eukaem a, |ung adenocarci noma, small-cell |ung carci-

mome, piancr edi cPeesrssraccyrdiog e Siaimd sharpelessed in thatseds made o
ammonium sulfate, PEG and/or ethanol as precipitation reagent.

11. Process according to Claim 9 or 10, characterised in that the process
is carried out in batch format.
15
12. Solid form according to one or more of Claims 1 to 8 as storage-
stable medicament.

13. Pharmaceutical preparation comprising at least one solid form
20 according to one or more of Claims 1 to 8 in precipitated non-crystal-
C line, precipitated crystalline or in soluble or suspended form, and
optionally excipients and/or adjuvants and/or further pharmaceutical

active ingredients.

25 14. Pharmaceutical preparation according to Claim 13, characterised in
that the antibody concentration is 10 — 200 mg/ml.

15. Pharmaceutical preparation according to Claim 14, characterised in

that the antibody concentration is 50 — 150 mg/mi.
30
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16. Use of a solid form of an anti-EGFR antibody and/or one of its vari-

17.

18.

ants and/or fragments according to one or more of Claims 1 to 8 for
the preparation of a medicine which comprises the biologically active
antibody and/or one of its variants and/or fragments in precipitated
non-crystalline, precipitated crystalline or in dissolved or suspended

form.

Use according to Claim 16 for the preparation of a medicine for the

treatment and/or prophylaxis of tumours and/or tumour metastases.

Use according to Claim 17, where the tumour is selected from the
group consisting of brain tumour, tumour of the urogenital tract,
tumour of the lymphatic system, stomach tumour, laryngeal tumour,
monocytic leukaemia, lung adenocarcinoma, small-cell lung carci-

noma, pancreatic cancer, glioblastoma and breast carcinoma.



