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J<. S, D.

Re: Lixpediente No. 14-169.333
Solicitud de patente a nombre de CHUGAI SEIYAKU KABUSHIKI
KAISHA

Yo, CAROLINA DAZA MONTALVQ. identificada como aparece al pie de mi firma,
domiciliada en la carrera 11 A No. 86-53, piso 6, y actuando como apoderada sustituta,
de acuerdo con la susttucion adjunta, de la sociedad CHUGAT SEIYAKU
KABUSHIKI KAISHA, domiciliada en ‘Tokio, Japon, solicitante de la patente de la
referencia, diterpongo recirso de reposicidn contra la resolucion No. 52620 emitida ¢l 26 de
agosto de 2015 por el Superintendente de Industria y Comercio, por medio de la cual se

nicga ¢l privilegio de patente de invencion para la solicitud contenida en el expediente
de la referenca.

Mi mandante se permite manifestar a ese despacho que se reafirma en todos y cada uno
de los argumentos que hacen parte integrante de la respuesta al oficio No. 15192
notificado por fijacion en lista ¢l 9 de diciembre de 2014, presentada ante ese despacho
¢l 25 de febrero de 2015,

1. FUNDAMENTOS DEL RECURSO

lin relacion con los argumentos presentados por ese despacho en la resolucion
impugnada No. 52620 emitida el 26 de agosto de 2015, es necesario seqalar que carecen
de un enfoque adecuado de conformidad con las normas, jurisprudencia y reglas
t¢enicas que existen para evaluar ¢l nivel inventivo de una invencion.

LT Laindebida interpretacion del articulo 18 de Ia Decision 486/00

lis desco del solicitante presentar argumentos contra las declaraciones de esa
Superintendencia indicando como primera medida que el examinador no realizd una
adecuada mterpretacion del articulo 18 de la Decision 486/00 y parte de premisas
crradas, en cuanto a la supuesta obviedad de la materia objeto de la presente invencion,
y realiza un equivocado andlisis del requisito en cuestion, para finalmente negar sin
justificacion la patente para la solicitud en comento.

Iin este sentido, volvemos sobre el particular que ¢l articulo 18 de Ta Decision 486/00
determina que “wna invencidn tiene nivel inventive, st para nia  persond del oﬁczfo
normalmente versada en la materia técnica corvespondiente, esa invencian po_hibrese
resudtado obvia ni se hubiese derivado de manera evidente del estadn de la téenica”. (L2l subravado es

NUCSLIo).
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Lo anterior significa que ¢l andlisis de nivel inventivo NO es una comparacion de los
objetos de las antertoridades v 1a solicitud en estudio. 1 andlisis de nivel inventivo

debe demostrar la obviedad de la invencion v establecer como ésta no contiene un

salto cualitativo, que demuestre su altura inventiva, teniendo en cuenta que se hace
necesario_demostrar que la invencion analizada carece de nivel inventivo v hubiesce

stdo obvia para una persona versada en la materia.

Constderando 1a definicion anterior, el solicitante desea se tengan en cuenta los
siguientes argumentos asi como los argumentos presentados el 25 de febrero de 2015
en respuesta al oficio No. 15192 notificado por fijacion en lista ¢l 9 de diciembre de
2014, los cuales dan soporte a los dichos siguientes argumentos v demuestran que la
solicitud de la referencia cumple con los requisitos de nivel inventivo.

Fin a resolucion impugnada ¢l examinador indica la falta de nivel inventivo de las
reivindicactones | a 20 a la luz de las ensenanzas descritas en los documentos D1 (170

V., Pederation of 1o wpeca Biochemzcal Societies 309(1), 85-88) y D2 (WO2004/039820).

Il examinador indica en la resolucidon que el documento D1 describe un anticuerpo
lgG en donde el CDR es modificado a histidina. Para el examinador, la invencién de la
reivindicacion 1 de la presente solicitud se diferencia del anticuerpo  descrito en ¢l
documento D1 en que el anticuerpo estd en una composicion. Sin embargo, no hav
cvidencia de un efecto téenico inesperado por el simple hecho de que el anticuerpo esté
en una composicion. Adictonalmente, segun el examinador ¢l documento D2 describe
una composicion que comprende un anticuerpo IgG con un CDR modificado. A la luz
de estos hechos, para ¢l examinador es obvio para una persona del oficio normalmente
versada en la téenica obtener una composicion del anticuerpo del documento DI
Ademis, las reivindicaciones 2 y 20 no contienen caracteristicas adicionales que hagan
mventiva la composicion reclamada. De esta forma, ¢l examinador indica que la
invencion reclamada por el solicitante carece de nivel tnventivo a la luz del estado de la
téenica citado.

Sin embargo, es deseo del solicitante indicar que ¢l documento D2 establece claramente
que los aminodacidos de los CDRs pueden ser modificados hasta un nivel en ¢l cual su
enlace al antigeno y su actividad neutralizante son retenidos (pagina 16, lincas 6-8). Por
otro lado, ¢l anticuerpo del documento D1 muestra una disminucién de actividad de
enlace cuando ¢l antigeno estd en pH dcido. Por lo tanto, no habria motivacion para
una persona del oficio normalmente versada en la téenica para utilizar tal anticuerpo
con actividad disminuida para una composicion farmacéutica. Tl solicitante considera
que una persona del oficio normalmente versada en la téenica mas bien se alejaria de
utihzar tal anticuerpo para una composicion farmaccutica, que ambién cs soportado
por las ensenanzas téenicas deseritas en ¢l documento D2. Asi, ambos documentos D1
vy D2 fallan en describir la idea téenica de la presente invencion para udlizar u
anticuerpo con las caracteristicas reclamadas para una composicion farmacéutica con cl
objetivo de tratamiento.

Adicionalmente, en respucsta a la posicion del examinador con respecto a la ausencia
de un cfecto téenico inesperado, es desco del solicitante indicar que los inventores de la




)

Clarke, Modet & C°

COLOMBIA

presente solicitud fueron los primeros en el mundo en descubrir que la administracion a
un cuerpo viviente de un anticuerpo con una actividad dependiente de pH, comparado
con un anticuerpo sin tal actividad, ejerce efectos superiores tales como clongacion de
la vida media en la sangre v accion farmacoldgica extendida del andcuerpo. Fsto sc
muestra claramente en los ejemplos incluidos por el solicirante en la descripeion de la
presente solicitud. Por cjemplo, ¢l ejemplo 8 en ¢l que se realiza i viro la utilizacion de
ratos transgenico de receptor 11.-6 humano demuestra que la farmacocinética de los
anticucrpos ant-11-6Rdependientes de pH (H3pl/1.73, CLHS5/1.73, H170/1.82) cs
mejorada en comparacion con los anticuerpos no dependientes de pH (tpo salvaje:
W), Adictonalmente, el ejemplo 18 demuestra iz vive que la velocidad de eliminacion
del anticuerpo en plasma aumenta con anticuerpos anti-1L-6R - dependientes de pH
(H170/1.82, Ivd) en comparacion con anticucrpos no dependientes de pH (W',
H54/1.28).

listas  caracteristicas de la composicion  farmacéutica de la - presente  invencion
corresponden a cfectos teéenicos que no pudicron haber sido predichos a partr del
estado de la réenica, va que por cjemplo ¢l documento D1 Gnicamente analiza la
actividad & zitro de un anticucrpo dependiente de pH  (antcuerpo que no esti
relacionado con el anticuerpo que se udliza para tratamiento, es decir ¢l anticuerpo anti-
lisozima) para enlazar ¢l antigeno.

Adicionalmente, los inventores de la presente solicitud han publicado un articulo
cientifico en relacion con la presente invencion, particularmente en la revista Natwre
Biotechnology (se presenta como anexo al presente memorial), el cual ha tenido una muy
buen recepeion por parte de la comunidad cientifica. Ein varias opintones se ha indicado
que la presente invencion es epocal para un experto en el campo téenico de los
anticuerpos v es de gran valor a nivel mundial. Ademas, la presente solicitud antecedid
solicitudes de otras companias farmaccuricas que estan dirigidas a otros anticuerpos
dependientes de pll que uvalizan la presente invencion. stas incluyen, por cjemplo,
WO2009/139822 (anticuerpo anti-hepeidina, Amgen), WO2011/111007 (anticucrpo
anti-PCSKY9, Rinat Neuroscience, Phizer), WO2014 /028354 (anticuerpo anti-PCSKY,
Regeneron), WO2014/144080 (anucuerpo antu-PCSKY, Amgen), WO2014/144577
(anticucrpo anti-TFPI, Bayer), WO2015/038984 (anticucrpo ant-IGER, Halozyme),
entre otras. listas solicitudes son evidencia de la utilidad y relevancia de la presente
mvencion en el campo de la medicina, lo cual es valorado por los expertos en la téenica.
De acuerdo a esto, los inventores de la presente invencion fuceron los primeros en
descubrir la invencion cuya utlidad es cientificamente ¢ industrialmente apreciada. De
esta manera, ¢s obvio que tal invencion dene un efecto notable y es altamente
mMventivo.

Adicional a lo anterior, es deseo del solicitante indicar a ese Honorable Despacho que la
Oficina lluropea de Patentes emitio el 24 de junio de 2015 una Comunicacion
indicando la Intencion de Concesion para la solicitud equivalente No. 09729337.7 -
1412 (copia de la Intencion de Concesion se presenta como anexo al presente
memorial).
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De esta forma, aunque ¢l solicitante reconoce la independencia de cada oficina de
patentes, desea manifestar que le resulta sorprendente que otras oficinas de patentes
hayan reconocido, todos los requisitos de patentabilidad para la invencion reclamada,
mientras unicamente la Superintendencia de industria vy Comercio se aleja de tal
opinion, siendo la novedad, ¢l nivel inventivo v la aplicabilidad industrial conceptos
totalmente universales.

l“n consccuencia, ¢s claro ¢l nivel inventivo que significd la presente invencion para cl
estado de la téenica. Asiy se reitera que la presente invencion definida en las
retvindicaciones 1 a 20 cumple con ¢l requisito de nivel inventvo scgin los
Incamientos del articulo 18 de la decision 486,/00

Tentendo en cuenta lo dicho anteriormente, solicito a usted lo siguiente:

1) Que de conformidad con lo previsto por los articulos 3, 42 y 80 del Codigo de
Procedimiento Administrativo y de lo Contencioso Administrativo se consideren y se
resuclvan TODOS los argumentos y TODAS las cucstiones planteadas asi como las

que aparezcan con motivo de este recurso,

b) Que se revoque la resolucion No. 52620 del 26 de agosto de 2015 expedida por ¢l
Superintendente de Industria y Comercio, v se proceda a conceder el privilegio de
patente de invencion a la solicitud de mi mandante

Senor Superintendente,

O

G (:(:,,-1 3.790 de i’aimlm Valle

TP-141563 (,.h_l

notificacionesfaclarkemoder.com.co
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SUPERINTENDENCIA DI INDUSTRIA Y COMERCIO
DIVISTON DE NULEVAS CREACIONES
E. 5 .

Ret Expediente No. 14-169.333
Solicitud de patente a nombre de CGUGAI SEIYAKU KABUSHIKI KAISHA

RECURSO DE REPOSICION

Yo, SILVANA MARIA LOPEZ DIAZ, identificada como aparece al pie de mi
[irma, domiciliada en Bogotd, atentamente informo a usted que sustituyo
el poder con que obro, a la doctora CAROLINA DAZA MONTALVO,
domiciliada en Bogotd, identificada con la Cédula de Ciudadania
N0.66.783.790 de Palmira Valle y portadora de la tarjeta profesional
No.TP-141563 del CSJ, con las mismas facultades que me fueron

conferidas para este caso.

Muy atentamente,

i ER .\\

B - T

“SILVANA MARIA LOPEZ Di@
C.C. No. 22.468.787
TP- 147463 CS]

Aceplo suslitucion

Caspdan pam

C.C. 66.783.790 de Palmira Valle
TP-141563 CS]
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ANEXOS

leawa v otros (2010) Natwre Biotechnology 28(11), 1203-1207,
Comunicacion mformando Intencion de Concesion de solicitud equivalente ¢n
Furopa No. 097293377 - 1412
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Antibody recycling by engineered pH-dependent antigen
binding improves the duration of antigen neutralization

Tomoyuki lgawa, Shinya Ishii, Tatsuhiko Tachibana, Atsuhiko Maeda, Yoshinobu Higuchi, Shin Shimaoka,
Chifumi Moriyama, Tomoyuki Watanabe, Ryoko Takubo, Yoshiaki Doi, Tetsuya Wakabayashi, Akira Hayasaka,
Shoujiro Kadono, Talcuya Miyazaki, Kenta Haraya, Yasuo Sekimori, Tetsuo Kojima, Yoshiaki Nabuchi,

Yoshinori Aso, Yoshiki Kawabe & Kunihiro Hattori

For many antibodies, each antigen-binding site binds to

only one anligen molecule during the antibody's lifetime in
plasma. To increase the number of cycles of antigen binding
and lysosomal degradation, we engineered tocilizumab
(Actemra)!, an antibody against the IL-6 receptor (IL-6R), to
rapidly dissociate from IL-6R within the acidic environment of
the endosome (pH 6.0} while maintaining its binding aftinity
to IL-6R in plasma (pH 7.4). Studies using normal mice

and mice expressing human IL-6R2 suggested that this pH-
dependent IL-6R dissociation within the acidic environment
of the endosome resulted in lysosomal degradation of the
previously bound [L-6R while releasing lhe free antibody back
to the plasma to bind another [L-6R molecule. In cynomolgus
monkeys, an antibedy with pH-dependent antigen binding,
but not an affinity-matured variant, significantly improved

the pharmacokinetics and duration of C-reactive protein
inhibition. Engineering pH dependency into the interactions
of therapeutic antibodies with their targets may enable them
to be delivered less frequently or al lower doses.

Therapeutic antibodies now offer impartant reatment options foc
many Jiseases

Although most antibodies effectively neutral-
ize Lheir cognale antigens, relatively high doses and/or frequent
injections are requived to achicve therapeutic efficacy when target-
ing antigens, such as IL-6R°, EGFR®, 1gl7 CDA {vef, 8) and CD40
(ref. 9), with high rates of synthesis. Antibodies targeting these
antigens show significant antigen-mediated clearance. For many
conventional antibodies, cach antigen-binding site binds 10 only
one antigen molecule during the antibody's lifetime in plasma.
Because their cognate antigens are usually produced continuously
fn vivo, the minimum number of antigen-binding sites required
to completely neutralize the function of the untigen cannot be less
than the amount of antigen that is produced between doses, This
restricts the dose and dosing frequency of many therapeutic antibod-
ies, For most antibodics, improving the binding affinity' and the
pharmacokinetics by increasing binding to the neonalal Fe receptor
(FeRn)' M s, ta some extent, effective for reducing the therapeutic
dose andfor the dosing frequency. Nonetheless, the extent of such

improvements hits a ceiling defined by the limited number of antigen-
binding events per antibody molecule and the rate at which the anti-
gen continues to be produced. Further improvement can only be
achieved by increasing the number of cycles in which an antibody
hinds to and releases the antigen for subsequent lysosomal degrada-
tion and thereby inereasing the amount of antigen that can be bound
by a single antigen-binding site, To date, although various technolo-
ples for optimizing antibody therapeutics have been reported', there
is no technology for increasing the number of eyeles of antigen bind-
ing and lysusomal degradation,

Tocilizumab, a humanized 154G antibody against 1L-6R that is
approved for treating moderate to severe rheumatoid arthritis?,
exhibits « high vate ol antigen-medialed cleavance in vive as a result
of the high turnover of 1L-6R following its delivery®, There are bath
membrane-bound (mIL-61) and soluble (sIL-6R) forms of 1L-6R.
Both transduce IL-6 signaling by means of gp130 (rel. 15) and both
are targeted by tocilizumab. We engineered unmodificd tocilizumab!'®
(TCZ) to dissocinte from IL-6R within the acidic environment of the
endosome by decreasing its binding affinity at pH 5.5-6.0 {ref. 17),
without affecting its binding affinity to 1L-6R in plasma at pil 7.4,
Previous studies have shown thal engineering cytokine ligands to
dissociate from their receptors rescued the ligands from lysosomal
degradation in vite'®1, Therefore, we expected that enabling disso-
ciatton of the antibody from 1L-6R within the endosome would rescue
the antibody from lysosomal degradation, enabling free antibody to
be recycled back Lo the cell surface (for release to the plasma in vive)
in ovder to bind to another IL-6R molecule.

We subjected all residues in the complementarity determining
regions and several framework residues important for antigen
binding to histidine scanning to identify histidine mutations that
confer pH-dependent binding of IL-6R, Histidine, which hasa pK,
ol approximately pH 6, is often found at the interfaces between
proteins that interact with different affinities in plasma and codo-
somes?, Surface plasmon resonance (SPR) identified several his-
tidine mutations that conferred pil-dependent binding of TCZ
to IL-6K. Separate mutalion of Tyr27, Serd! and Trp35 to His in
the heavy chain variable region and separate mutation of Asp2§,
Tyr3d2, Arg53 to His and His55 to Leu in the light chain variable

Chugai Prarmaceatical Co, Ltd., Fujl-Golemba Research Laboratories, Shizucka, Japan. Correspondence should be addressed to 1. {Igawatmy@chugai-phacm.co.jp).

Receiwved 31 Aupust: accepled 23 Seplamber; publistied online 17 October 2010; doi:10.1038/nbt. 1691
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Figure 1 Surface plasmion resonance (SPR) sensorgrams of tacilizumab (TCZ), hwo variants with pH-dependent binding to hsll-GR {PH1, PHZ), TCZ

and PHZ with increased allinity 1o Fokn (TCZ FoRn, PH2-FeRn) and an affinity matured variant with increased affinity to FcRn (AM-FeRn). (a-f) SPR
measurements of hslL-BR association (3 min) al pH 7.4 and dissociation (30 min) a! ptl 7.4 (pH 7.4 pH 7.4; preen), and hslL-6R associotion at pH 7.4
3 "mr'; an cl dissociation al pH 6.0 (30 .'mn‘.l tpH 7.4- pil ( U red) are shawn for TCZ {a), PH1 (b), PH2 (¢}, TCZ-FeRn {d), Pll? FrR|1 (e} and AM-FcRn (F).

region influenced the pH dependency of IL-6R binding (positions As TCZ, PHI and PH2 do not bind to mouse [L-6R, they were
numbered in Kabal numbering), A combination of various muta-  administered inlravenously Lo transgenic mice expressing human
tans including mutations at Tyr27, SeedUand Trp35 in the beavy  1L-6R (hI1L-6R)% We measured serum amyloid A (SAA) asapharmaco-
chainand Asp28, Tyr32 and Arg53 in the light chain generated the  dynamic marker of 1L-6R neutralization?! after intraperitoneal injec-
TCZ variant PHIL, and mutations at Tyr27 and Ser31 in the heavy  tion of human [L-6 (hIL-6). This model exhibits an hiL-6-dependent
chain and Tyr32, Arg53 and His55 in the light chain generated  increase in SAA, which was inhibited by TCZ at plasma TCZ con-
PHZ. SPR measuvements of all TCZ vaviants used in this study are  centralions >10 pug/m! (Supplementary Fig. Ia-b). We obtained time
shown in Figure 1. The results indicated that the respective bind- profiles for changes in the plasma concentrations ofantibody (Fig, 2a)
ing affinitics of PHI and PH2 to human soluble 1L-61 (hsIL-6R)  and SAA (Fig. 2b), as well as the associated pharmacokinetic param-
ab pH 7ot were 2.3 and 2.8-times stronger than that of TCZ. In eters (Supplementary Table 1), The PH1 and P12 variants of TCZ,
contrast, their respective binding affinitics at pH 6.0 were su b- which exhibit pH-dependent binding to 1L-6R, exhibited asignificant
stantially less than that of TCZ (3.8- and 3.7-times lower), Ratios  improvement in pharmacokinetics and ducation of SAA inhibition
of binding affinities determined at pH 6.0 and pH 7.4 (K38) were  compared to TCZ, The slight improvement for PH2 compired ta
L9 and ~22 for PHI and PHZ, respectively, compared to ~2 for - PH1 may be due to more rapid dissociation from [L-6R al pl1 6.0
TCZ (Table 1), After binding to hslL-6R at pH 7.4, subsequent  (larger kyat pH 6.0) or to greater pH dependency of binding affinity
rapid dissociation from hsIL-6R at pH 6,0 was observed for PH1  (larger Kp ratio of pH 6.0/pH 7.4) (Table 1), In this study group, the
and P12, but not for TCZ (Fig. la-c). increase in SAA levels could not be inhibited by TCZ at 54 h because

Table 1 Binding klnetlcs of TCZ pH-dependent binding variants and affinity matured variant to hsIL-6R

L ~ wH7a4 _ . photo ; = Ky (pH 6.0} ratio i€y ratio pH 6.0/
Anlibody R ity (M} by t-tsh) kyds 1) :r, (M) vs. 1CL oH 7.4
s 220005  1.IE-03 5.1E-09 21E + 05 2.3E-03 1.1E - 08 - 2.1

PH1 2600 U B/E - 04 2.26 - 09 1.0E 4 O 4.3E - 03 4.2E - 08 19 18.9

PH2 b.AE 1 05 1.0E - 03 19E - 09 3.5E 0 04 1.6E - 02 A1E - 08 6.3 22.1
1CZ-FeRn 2.8 08 1.3 - D3 ATE -0 2.1t + 05 26E-03 1.2E - 08 11 2.6
PIH2-FeRn 5.6k 4 0% 1.0€ - 03 1.8E - 09 3BE 405 1.5E - 02 4.0E - 08 6.6 22
AM-FeRn b/ 08 2.9 - D5 5.2E - 11 /.8E + 05 14E - 05 1.BE - 11 0.006 0.4

Association rate (&), rlluboclat.nn EILRTN] f:nd Binding affinity () of TCZ, PHI, PH2, TCZ-Feltn, PH2-FeRn and AN FeRn lo bsIL-GR at pH 7.4 and pH G. G their TCZ Lo v.mant
Ky at pH b0 ralio, and their pt 6.0 to pH 7,4 Binding allinity (K} ratic are shoyn,
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tion of PH2 was significantly better than
that of TCY, in hIL-6R transpenic mice (20
told higher plasma concentration at 78 h),
the levels were comparable in nornial mice

Figure 2 In vive characterization of pH-dependent binding variants in mice. (a,b) in vivo study of
Table 2). Although the  TCZ, PHI and PH2 in hIL-GR transpenic mice. TCZ, PH and PHZ were administerad intravenously

. 4 pgfkp of hiL-6 was intraperitoneally administered at A8 h, /2 h and 96 h
IL-6 control (IL-6 + vehicle} group, Vehicle group was injected with butier,
IL-6 {vehicle + vehicle), The concentration of SAA was measured as a marker

of noutralization of hIL-6R2!, Time profiles of plasma antibody cencentration (a) and plasma SAA
concentration (b} are shown, Each data point represents the mean + s.d. for antibady concentration
and mean t s.e.m, for SAA concentration (n = 3-4 each). (c.d) In vivo study of TCZ and PHZ in normal

(1.2-fold higher plasma concentration on  mice. hslL-6R, TCZ + hslL-6R and PHZ + hsIL 6R wera intravenously administered at single doses of

dhay 14). This demonstrates that the improve- 50 yigdkg for hslL GR and

1 mp/kg for antibody. Time profiles of plasma antibody concentration (c) and

. asma hslL.G ; i fata poi 5 the mean + - 3 pac
ment had Leen mainly due to the reduced prusn_m hslL-6R concentration (d)_arc shewn, Eacij data point represents the mean + s.d. (= 3 cach).

clearance mediated by heman miIL-6R. In
olher words, TCZ binds to mlL-6R and is remaved [rom plasma by
internalization and subsequent lysosomal degradation (that is, mil.
6R-mediated cearance). Degradation of antibudy as u comples with
miL-6R allows a sinple antigen binding site to hind to only one mIL-610
molecule during its lifetime in plasma {Supplementary Fig, 2a), On the
other hand. the improved pharmacokinetics exhibited by PH2 in hiL-6R
transgenic mice suppests that miL-6R-mediated clearance is reduced
because the antibody is recycled back to plasma after being internalized
by the mIL-GR. Afterit dissociates from mil-6R in the acidic endosome,
the antibody is recyeled back o the plasma and ean bind to another
miL-6R maolecule, In contrast, the mIL-6R in the endosome is larpeled
lor lysosomal degradation, thereby allowing a single antibody to repeat-
edly nentralize multiple mlL-6R molecules (Supplementary Fig., 2h).
The effect of pH-dependent binding on 116K was cvaluated by
administration of hsll-6R to normal mice either on its own or together
with TCZ or PH2. Considering the binding affinity and amaunt
of TCZ and PH2, we predicted that 99.6% and 99.9% of hslL-6R
should be bound Lo the antibody in the administration solution. A
time profile of changes in hsfL-6R plasma concenlration and the
associated pharmacokinetic parameters are shown in Figure 2d and
Supplementary Table 3, respectively, The binding of soluble antigen
ta antibody is reported to reduce the clearance of antigen as the antj-
body, with a long hall-life, serves as a carvier for the anligen®?, Asg
expecled, although hslL-6R alone showed vapid clearance, clearance
of hslL-61 was reduced by 39-fold when hslL-6R was administered
tapether with TCZ. In contrast, although clearance for TCZ and PH2
were comparable (Supplementary Table 2), the clearance of hslL-
6R in complex with PII2 was enhanced sixfold compared to hsll.-
6Rin complex with TCZ, vesulting in 4 40-fold lower concentration
of hsll-6R in plasma on day 4. As the binding affinity of PH2 is
2.8-fold stronger than that of TCZ at pl 740, increased clearance of
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hsll-6R in complex with PH2 is not derived from the presence of more
free hslL-6R, but from the pl-dependent dissociation of hslL-6R in
acidic endosomes. In other words, a complex comprising TCZ and
slL-6lwould be tlaken up by endothelial cells in a nonspecific manner,
bind to Feln and be recyeled back to plasma as a complex. This would
reduce the clearance of s1L-6R and allow a single antigen binding
site to bind to anly one s1L-6R molecule during its lifetime in plasima
(Supplementary Fig. 2c). On the other hand, our study suggests that
PH2 dissociates from sI1.-6R within the endosome and s11L-6R is then
degraded by the lysosome, The antibody, however, is recycled back
1o plasma by FcRn, and reeyeled free antibody in plasma can bind to
anotherstL-61 molecule, thereby enhancing the clearance of sIL-6R
and allowing a single anlibody lo repeatedly neutralize multiple
sIL-61 molecules {Supplunwntar)’Fig. 2d), These studies on mlL-6R
and sIL-6R suppest that engineering @ pil-dependent binding of
TCZ prolonged the pharmacokinetics and SAA inhibilion in hL-6R
transgenic mice by allowing the antibody to dissociate from miL-6R
and s11L-6R in acidic endosomes, In both cases, dissociated free anti-
body would be recycled back to plasma and reused for binding 10
another [L-6R, thereby enhancing the turnover of 1L-6R binding and
prolonging the duration of IL-6R neutralization,

We next compared the in vivo effect of engineering a pH-dependent
binding with the more common approach of improving antigen bind-
ingalfinity in 4 cynomolgus mankey maodel, We affinity matured TCZ
by introducing multiple mutations in the variable region using stand-
ard procedure'™. To reduce nonantigen-mediated clearance, TCZ, an
allinity-matured variant (AM), and PH2 were further engineered lo
improve their binding to human FcRn at pH 6,0 (rel. 12). This gen-
erated constructs TCZ-FeRn, AM-FeRn and PH2-FeRn, respectively.
Owing to the N434A mutation introduced in these Fe-engineered
varlants, these variants exhibited an approximately three- to fourfold
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Figure 3 In vivo characterization of pH
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PHZ-Fclin and AM-Feln. The concentration of c ™ | o 107 d °r o
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cynomolgus mankeys, TCZ, PH2-Feln and P} AT S W 0 2 G et f_;:_:.__:__t e,
vehicle were subculaneously administered o 02 4 6 81017 14 16 1820 22 24 26 28 0 2 4 6 B 1012 14 16 10 20 22 24 26 78

single doses of 2 mpfkg. 5 ppdkg of cynomaolpus
IL-6 was subculaneously admimstered avery

Time {d) Tie {4

other day fram day b to day 27, CRP concentration was measured as a marker of nectralization of [L-6R. Time profiles af plasma antibody concentration {c)
and plasma CRP concentration {d) are shewn, Lack data point represents the mean 4 s.d. for antibody concentration and mean & s.e.m, for CRP

concentration (o
not used for calculating mesn concentration.

stronger binding affinity to human FcRo than their counterparts
(data not shown). The affinity and pH dependency of the PH2-FeRn
to hsIL-6R binding were similar to these features of the parental P12
mulecule, The affinity of the AM-Feln to hslL-6R binding was ~100-
fold stronger than that of cither TCZ or TCZ-FeRo, and AM-Lckn
exhibited little pI dependency (Table 1 and Fig. 1d-f). The bind-
ing aflinities and pl dependencies of binding of these antibodies
to cynomaolpus monkey siL-61R was similar w that of hslL-6R (data
not shown). TCZ, TCZ-Icln, PH2-Feln and AM-Felln were intra-
venously administered 1o cynomolpus monkeys, each at a dose of
1 mp/kg. Cynomolgus 116 was injected, and the abundance of
C-reactive protein (CRP) was measured as a pharmacodynamic marker
of 1L-6R neutralization®™. Time profiles for changes in antibedy and
CRP plasma concentrations are shown in Figure 3a and Figure b,
respectively, and the associated pharmacokinetic pacumeters are shown
in Supplementary Table 4. Comparisan belween TCZ, and TCY-Felin
demonstrated that increasing FeRn binding affinity to reduce non-
antigen-mediated clearance improved the pharmacokinetics and dura-
tion of 11L-6R neutralization by only a small extent. This is most likely
because antigen-mediated clearance was the major contribution ta the
clearance at 1 mgfky, Notably, compared with TCZ-FeRn, AM-Feln
(which has - 100-fold improved affinity for [L-6R) did not improve the
pharmacokinetics, and only a small improvement in the duration of
[L-6R neutralization could beachicved, The sipnificant improvement in
both pharmacokinetics and duration of 11-6R neatralization could be
achieved by the enhanced antigen binding tarnover derived from pH-
dependent hinding in PH2-FeRn, Ag AM FeRn has a very high affinity
(52 pM) and increasing the binding affinity Lo Feltn has improved the
nonantigen-mediated clearance, the duration of [L-6R neutralization
by Lmp/kg of AM-FcRn (8 d) would be near the maximum for a con-
ventional antibody. Presumably, the amount of 11-61 turned over in
8 d is close to the amount of antigen binding sites of 1 mp/kg of
antibody. On the other hand, PH2-Feltn exhibited sustained [1.-6R
neutralization for 16 d, a level that could not be achieved by a conven-
tional antibudy withoul antigen binding turnover.
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2 boeach). Time peints when cynomolgus monkey anti-T1CZ antibodies or anti-PHZ-FeRn antibodies were dotected in lhe plasma were

IL-6R blockade by TCZ is reported 1o be efficacious in treating
rheumaloid arthritis', As subcutaneous injection al a reduced dosing
frequency is especially desivable for such chronic diseases, we injecled
cynomolgus mankeys subcutaneously with TCZ and PH2-FeRn, each
at a dose of 2 my/ky, Time profiles for changes in the antibody and
CRP plusma concentrations are shown in Figure 3c and Figure 3d,
respectively, and the associated pharmacokinetic parameters are
shown in Supplementary Table 5. Whereas 2 mp/kg of TCZ inhibited
CRP for ~1 week, 2 mp/kg of PH2-FeRn inhiblted CRP for al least 4
weeks. As CRP s an efficient marker for 1L-6R blockade by tocili
zumab®, this result suggests that PH2-FeRn could provide clinical
benefits when administered subcutaneously once a month, Superior
pharmacekinetics and improved duration of [L-6R neutralization of
PH2-FcRn compared to TCZ werc also observed in hIL-6R transgenic
mice (Supplementary Fig. 3a-b),

To quantitatively understand the improved pharmacokinetics of
PH2-FeRn relative to TCZ in cynomolgus monkey, we fitted the
plasma concentration time profiles of TCZ and PH2-Feln at vari-
ous i.v. doses toan antigen-mediated clearance and recycling model
(Supplementary Fig. 4). The parameters obtained for TCZ and
PH2-Feln are shown in Supplementary Table 6. We determined
the relative recycling ratio of the antibody from the endosome to
be 0.75 for PH2-FeRn, This indicates thal 75% of the internalized
antibody is recyeled back 1o plasma as 2 free anlibody compared to
TCZ. The nonantigen-mediated elimination rate of antibody was
1.2-fold lower for PH2-FeRn than for TCZ. This difference is largely
due to increased binding to FeRn. We propose that a combination
of pH-dependent 1L-6R binding to reduce the antigen-mediated
clearance and inereased binding alfinily to FcRn to reduce the non-
antigen-mediated clearance contribited cooperatively to improve
the antibody pharmacokinetics.

Although it remains to be scen how broadly the strategy used in
our study can be extended, we believe that engineering pli-dependent
antigen binding should improve the duration of antigen neutraliza-
tion of other therapeutic antibodivs. A combination of pH-dependent
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binding with affinity maturation and Fe-engineering o increase bind-
ing 10 FcRn should further enhunce the clinical potential of many
antibody drugs. In this study, pH-dependent binding antibody was
generated by histidine scanning. As the dissociation of an antibody
from the antigen within the endosome requires destabilization of anti-
body-antigen interaction upon protanation of the histidine residues
in the acidic pH, the feasibilily of engineering pH-dependent antigen
binding antibody by incorporating histidine residues may depend on
clectrostatic features uf the antigen epitope. Nevertheless, we have suc-
cessTully applicd (he same histidine scanning approach to two other
antibodies that target different antigens (duta not shown). In one of

these o

ses, we achieved pll-dependent hinding with picomalar aflin-
ity al pt 7.4 {data not shown). These findings supgest the broader
potential of the approach to target antigens with high rates of in vive
turnover. Until now, these targets have been relatively recalcitrant to
efforts based on simply increasing the affinities of therapeutic antibod-
ies for their targets. This approach also seems well-suited to reducing
the frequency and/or the sive of doses required lor currently approved
antibody therapeutics.

METHODS

Methods and any associaled references are available in the online

versian of the paperat hitp:!fwwwnature.com/ naturebiotechnology/,

Accession codes, GenBank: ABSY1055-ABSY 062,
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application with the text and drawings and the related bibliographic data as indicated below.
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Auxiliary Request 1

In the text for the Contracting States:
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22-32, 34, 36-39,

41-53, 55-59, 61,

63-66
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1-70 as published

Claims, Numbers
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Drawings, Sheets
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The prior arl has been introduced on p.3. The description has been adapted to AR1 (p.3a - part (c)
deleled).

See also comments on the enclosed EPO Form 2306.

1.2 Bibliographic data

The title of the invention in the three official languages of the European Patent Office, the international patent
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| (1) by filing a translation of the claim(s) in the cther two official languages of the EPO
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Note 2: Any overpaid "minus" amounts will be refunded when the decision to grant (EPO Form
2006A) has been issued.

2.2 OR,in the case of disapproval, to request reasoned amendments or corrections to the text
communicated above or keep to the latest text submitted by you (R. 71(6) EPC).

In this case the translations of the claims and fee payments mentioned under point 2.1 above are NOT due.

The lerms "amendment(s)” and "correction(s)” refer only 1o amendments or carrections of the application
documenls and not of other documents (e.g. bibliographic dala, the designation of the inventor, etc.).

If filing amendments, you must identify them and indicate the basis for them in the application as filed. Failure
to meet eilher requirement may lead to a communication frem the Examining Division requesting that you
correct this deficiency (R. 137(4) EPC).

2.3 Bibliographic data

Where you request a change or correction of bibliographic dala in response to the Rule 71(3) communication,
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fees and file translations in reply to the Rule 71(3) communication in the case of 2.1 above, unless you also file
a reasoned request for amendments or corrections in response to the Rule 71(3) communication (see case 2.2
above).

3. Loss of rights

If neither of the two possible actions above (see points 2.1 or 2.2) is performed in due time, the European
patent application will be deemed to be withdrawn (R. 71(7) EPC).

4. Further procedure

4.1 In the case of point 2.1 above

4.1.1 The decision to grant the European patent will be issued, and the mention of the grant of the palent will be
published in the European Patent Bulletin, if the requirements concerning the translation of the claims and the
payment of all fees are fulfilled and there is agreement as to the text to be granted (R. 71a({1) EPC).

Note on payment of the renewal fee:

Il a renewal fee becomes due before the next possible date for publication of the mention of the grant of the
European patent, publication will be effected only after the renewal fee and any additional fee have been paid
(R. 71a(4) EPC).

Under Article 86(2) EPC, the obligation {o pay renewal fees to the European Patent Office terminates with the
payment of the renewal fee due in respect of the year in which the mention of the grant of the European patent
is published.

Note on payment of the designation fee(s):

If the designation fee(s) become(s) due after the communication under Rule 71(3) EPC, the mention of the
grant of the European patent will not be published until the designation fee(s) hashave been paid (R. 71a(3)
ERG).

4.1.2 After publication, the European patent specification can be downloaded free of charge from the EPQO
publicalion server https:idata.cpo.orghublication-server or ordered from the Vienna sub-office upon payment
of a fee (OJ EPQ 2005, 126).

Until 31 December 2013, each proprietor may request in writing to receive the certificate for the European
patent together with one copy of the new patent specification only if the request is filed within three-month or
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the additional two-manth period (R. 95(3) and (4) EPC). If such request has been previously filed, it has to be
confirmed within the same period. The requested copy is free of charge. Any request or confirmation of a
request filed after 31 December 2013 or after expiry of these periods will not be dealt with and the certificate
will be delivered withoul a copy of the new European patent specification (cf. Notice from the European Patent
Office dated 16 July 2013 concerning communication of the certificate for a European patent, OJ 2013, 418).

4.1.3 Filing of translations in the Contracting States

As regards translation requirements prescribed by the Contracting States under Arlicle 65(1) EPC, please
consult the website of the European Patent Office

www.epo.org —*Law & practice —*Legal texts, National law relaling to the EPC

www.epo.org ~Law & practice —*All Legal texts —*London Agreement

In the case of a valid extension or validation

As regards franslation requirements prescribed by the Extension or or Validation States, please consult the
website of the European Palent Office

www.epo.org —~Law & practice =Legal texts, National law relating to the EPC

Failure to supply a prescribed translation in a Contracting State, or in an Extension or Validation State
may result in the patent being deemed to be void ab initio in the State concerned (Art. 65(3) EPC).

4.2 Incase of 2.2 above

If the presenl communication under Rule 71(3) EPC is based on an auxiliary request and, within the time limit,
you maintain the main request or a higher ranking request which is not allowable, the application will be
refused (Art. 97(2) EPC).

If the Examining Division gives its consent to the requested amendments or corrections, it will issue a new
communication under Rule 71(3) EPC; otherwise, it shall resume the examination proceedings
(R. 71(6) EPC).

5. Filing of a divisional application

Any divisional applicalion relating to this European patent application must be filed directly with the European
Patent Office in Munich, The Hague or Berlin and will be in the language of the proceedings for the presenl
application, or if the latter was not in an official language of the EPO, the divisional application may be fliled in
the language of the present applicalion as filed (see Article 76(1) and Rule 36(2) EPC). Any such divisional
application must be filed while the present application is still pending and the time limit for filing divisional
applications must be observed (R. 36(1) EPC; Guidelines A-1V, 1.1.1).

6. Imporlant notes concerning fee payments
6.1  For all payments, please refer 1o the relevant fee code(s).

6.2 Automatic debiting procedure

The fee for grant, including the fee for publication, and any additional claims fees due under Rule 71(4) EPC
will be debiled automatically on the date of filing of the translaticns of the claims, or on the last day of the
period of this communication. However, if the designation fee(s) become(s) due as set out in Rule 71a(3) EPC
andior a renewal lee becomes due as set oul in Rule 71a(4) EPC, these should be paid separately by another
permitted way of payment in arder not to delay the publication of the mention of the grant. The same applies in
these circumstances to the payment of extension fees. For further details see the Arrangements for the
automatic debiting procedure (AAD) and accompanying information from the EPO concerning the automatic
debiting procedure (Annexes A.1 and A.2 to the Arrangements for deposit accounts (ADA) in Supplementary
publication 4 - OJ EPO 2014).

6.3 Important information relaling to fee amounts
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Following any amendment to the Rules relating to Fees, the amount(s) mentioned in this communication may
be different from the amount(s) actually due on the date of payment. The latest version of the Schedule of
fees and expenses, published as a Supplement to the Official Journal of the EPQ, is also available on the EPO
website (www.epo.org) and can be found under www.epo.orgschedule-of-fees, which allows the viewing,
downloading and searching for individual fee amounts, both current and previous.

Please note that procedural fees are usually adjusted every two years, on even years, with affect from 1 April.

6.4 Payments by cheque delivered or sent direct to the EPO are no longer accepted as from 1 April 2008 (see
OJ EPQ 2007, 626).

Examining Division:
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