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Figure 2: Anttumonr effects of BX-8951f and CPT-11 administered intravenously cvery 4th day for a total of four injections against

human fumour xencgrafts in nude mice.
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7. Antitumour effects on human solid
tumours xenografied info nude mice

The antitumour activity of DX-8931f against
senografts of several different types of huaman
tumours has been determined in nude mice. A total of
four injections, scheduled every fourth day were
compared with CPT-11 (administered with the same
treatrnent regimen) 22,48]. CPT-11, like DX-8951f,
was reported to show greater antitumour activity and

improved safety with intermittent administration
rather than with single dose administration [71, Mice
with an estimated tumour weight of 100 - 200 mg were
ireated with each compound. Figure 2, Table 1
sumuaarises the results of a series of experiments
using a total of 17 human cancer lines (wo breast
cancers, five lung cancers, two pancrealic cancers,
two gastric cancers and six colonic cancers). The chart
shows the antitumour effects of DX-8951f and CPT-11
at the maximum tolerated doses of 75 mg/kg and 320
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mg/kg, respectively. The Y-axis shows the mumour
growth inhibition rates (JR). IR values equal to or
greater than 58% are required for drug efficacy {49].
DX-8931f was effective (IR 2 58%) on all tumours
examined, with excellent antitumour activity (IR 2
80%) demonstrated in 14 lines. CPT-11 exhibited
antitumour activity with IR values over $8% against 12
lines, with IR values over 80% against only 8 of the
sarne 17 human tamour lnes. Furthermore, DX-8951f
exhibited potent antitumour effects against an SN-38
resistant tumour (PC-6/8MN2-58), two CPT-11-resistant
tumours (SUFT-2/CPT-11 and SC-6/CP 1110 and some
P-glycoprotein-expressing tumours {(PC-12,
PC-A/VCR29-9 and DLD-1). In contrast, CPFT-11
showed no activity {22,481, These findings clearly
indicate that DX-8951f has a greater spectrum of
acuvity than CPT-11 against a variety of human
tumour types. DX-8951f has also been found to be
more active than SK&F104864 against SC-6 and
SC-6/CPT-11, further suggesting the potential of
DX-8931f in cancer {reatment [48].

8. Antitumour offects in some metasiasis
models

The antitumour activity of DX-8951f has also been
studied in a lung metastasis model of a murine hing
carcinoma, 3LL, two liver metastasis models of a
murine histiocytoma, M5076, and a human pancreas
tunaour, SUIT-2. 3LL and MS076 cells produce
metastatic foci in the lung and liver, when
transplanted intravenously into syngeneic mice. The
mice eventually die from dyspnoea and liver dysfunc-
tion, respectively. In these ruodels, DX-8951 has been
shown to induce a significant prolongation in the
survival period, even with single dose administration:
increases in lifespan values against 3LL and MSQO76
ranged from 20 - 40% and S0 - 260%, respectively, at
doses of 20 - 60 mg/kg lunpublished resulisl.
DX-8951f was also tested in another liver metastasis
model, SUTT-2 cells, following intrasplenic immplanta-
tion, extensively grew in the spleen and liver of nude
mice and the mice died due o ascite accumulation
and liver dysfunction. DX-8951f was found to dose-
dependently exhibit potent antitumour effects when
injfected intravencusly 4 times at 5 day intervals for
total doses of 10 - 40 mg/kg (221 In particular, the
growth of tumour celis in the liver and spleen and the
degree of ascites were markedly inhibited in mice
treated with the highest dose, with no visible tumour
nodules or ascites observed in 3 /7 mice [22]. CPT-11

(administered a2t total doses of 60 - 240 mg/ kg
dose-dependently inhibited twsour growth and
ascites accumulation; antitumour activity was similar
to, or reduced compared to DX-8951f [221,

8, Toxicological profiles in preciinical
studies

The results of animal toxicological studies revealed
that DX-8951f administration causes a decrease in
leukocytes and platelets in mice, rais and dogs.
Dose-limiting in clinical trials is predicted to be due o
haematological toxicity. With regards to gastrointes-
tinal toxicity, vomiting was observed in dogs, but was
controllable with anti-emetics. Severe watery
diarrhoea, which is frequently induced in rats and
dogs following administration of CPT-11, has never
been observed with DX-8951f lunpublished results],

18. Conclusions

DX-8951f, a water-soluble camptothecin analogue
with a unigue hexacyclic structure, is the most active
inhibitor of topo [ and tumour growth i witro and in
vivo of all the camptothecin derivatives. DX-8951f is
exuemely effective against several types of drug
resistant tumours, where CPT-11 or SN-38 are ineffec-
tive. In additon, in some metastasis models, its
antitumour effects and resulting life prolongation
have been confirmed. DX-8951f is more efficacious
and possesses broader effective dose ranges with
multiple injections than with a bolus injection and
infermoittent administration. Based on these encour-
aging preciinical results, DX-8951f is expected to be
chinically effective, The results of Phase I clinical trials
of this compound, currently in progress in Europe, the
USA and Japan, are awaited.
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DE-310, a novel macromolecular carrier system for
the camptothecin analog DX-8951f: Potent antitumor
activities in various murine tumor models
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DE-310 is a novel macromolecular conjugate composed of DX-
8951f, a camptothecin analog, and a carboxymethyldextran poly-
alcohol carrier, which are covalently linked via a peptidyl spacer.
In a murine Meth A (fibrosarcoma) solid tumor model, once
dailyx5 treatments {gdx5) with DX-8951f at the maximum toler-
ated dose (MTD) were required to shrink the tumor, and DX-
8951f (qd x5} at 1/4 MTD was required to inhibit tumor growth. A
single treatment {qdx1) with DE-310 at the MTD or 1/4 MTD
shrank the tumor, with no body weight loss occurring at 174
MTD. Even at 1/16 MTD, DE-310 inhibited tumor growth. in a
long-term assay, Meth A solid tumors disappeared in mice treated
with DE-310 (gdx1) at the MTD and 1/2 MTD, and all 6 mice re-
mained tumor-free on the 60th day after administration. Re-
peated injection {4 times) on schedules of every 3 days, 7 days or
14 days demonstrated that muitiple treatment with DE-310 pro-
duced greater tumor growth delay than a single treatment with
DE-310. Against 5 human tumor {colon and lung cancer) xe-
nografts in mice, DE-310 {qdx 1)} was as effective as DX-8951f ad-
ministered once every 4 days, 4 times. The life-prolonging activity
of DE-310 was assessed in lung (3LL., Lewis lung carcinoma) and
liver (M5076, histiocytoma) metastasis models. Against 3LL, DE-
310 {gdx1) at the MTD to 1/3 MTD significantly prolonged sur-
vival, with an increase in life span {iLS) of 4.8- to 1.6-fold, respec-
tively, over that in untreated control mice. Also, DE-310 {gqdx1}
significantly prolonged survival in the liver metastasis model of
M5076. These results demonstrate that DE-310 is a promising
agent for the treatment of cancer. (Cancer Sci 2004; 95: 168175}

T re sffect of current herapeutic agesty appeass when the
Eent 2CEy on i tardet organ i thc tendy. Sifiveidrag mole-
cules thc\i are distributed to organs that are oot ta rgc‘cd gy
canse side effects, treairnent is generally performed using a
dose at which efficacy is obtained “withous acceptabie side ef-
fects. However, raost antitmmnor chemotherapentic agents show
olinical effects only at doses that cause side effects such as dv-
gostive toxicity and myeclosuppression. Therefore, in the devel-
opment of ssw antitureor chemeotherapestic agents, it i
important to discover compounds having a stronger aptitimor
affect and weaker toxicly corgpared with cumers antinmar
chemotherapeutic agents. For example, UPT-11 waa found to
exhibit bigher aptionor activity with less toxicity than camp-
tothecin (CPT) and showed promising activity in olinical
avaluation.)¥ However, it causes side effects such as severe
watery diarvhea and there are marked imter-patiest variations
both its effects and 1oxicity.” %% Tn obiain a more effective an-
alogue with 2 lower toxiony, 13X-89511 was desigued’h DX
89511 is the wmost active inhibitor of tope I and mor growth
both in virro and in vive auoug the currently available OFF
derivatives.i2-#% However, even with D8 20511, there is no a3~
parand jncresse 1o ihe selectivity 1o fumor Hesus versus normal
tissue and the half-life of the compound is relatively short (5
of 3.3 h mice). '™

168175 Cancer ¢ | Fabruary 20048 vall9% | no.z

The :d-‘

mumzmn drug ws;m’a‘d have high aniitu
R et b o sempertd for whi
oo eomph ma‘iz s&:_g

: ,?-,tgf‘ Py oi mmiur: 1Y m*np(mm( hava
i)}; many res '\;’"hcm and there have been trials -;\f macron
slar pro-doags o9 Hascd oo the reenlts obtained from ¢
nations of macromolecular vugates using doxorubicin in
08 Institate, Lid., we started o study drag delivery using a
racromolecular carier based on @ DX-8951- ~conjugate, i o
der to enbaoce the antifwmor effect and to reduce the hemato-
logical toxicity of BX-89311

A povel roacremolecular carrier systera, based on the well
k nown enhanced permeability and retention (BPR) eifc H

as desigrned o farget DX-B931 o mumors and 1o provi
mmcd release of DX-B951 in mmors. We conduciad exten
optimizatio idyi i i
the carrter. DX-8951 content and degree of carbaxymenthyvia-
tion. ' DE-310 is composed of DX-8951 and a biodegradable
carrier, carboxyraetbyvldextran  polyaicobel  {(OM-Lkex-PA),
which are CC‘VJI\)’H}" linked by a peptidy! spacer {Gly-Gly- Phe
Gy, GOGFGYS | Fas an avs sraze molecular weight of 340 )
(DX-8951 content: less than 8%, degree of x:zueoxyinethyi.
fion: ea. 9.3-0.4 per sugar residue). '

In the present study, we examined the therapeutic efficacy of
THE-310 agalest & variety of humae and reudes moore in mice.

dMaterials and Methods

Compounds, DE-316  (OM-Dex-PA-GGRG-DX-3051, Fig
1AY, a CM-Dex-Pa adduct of the aotineopisstic agent, DX
8951 [(13,95)~1-amino-9-ethyl-5-flnora-1,2,3.9, 12,1 5-hexany-
deo-8-hydeoxy-4-methyi- 10H, 13H -bereoldelpye-
ano{3,4:6,7Hndolizino] 1, 2-2 Jyuinctine- 10,1 3-dione]. The
carboxyraethyisted polyalocehel e covaleotly bowded to ihe
DX-8951 mwicty via a tetrapeptidyl spacer (Gly-Gly-Phe-{ly,
GGFG). DX-8931F (Fig, 1B) is [{1.5,95- | -amine-S-cthyl-5-tlo
oro-1,4,3,9,12,15-hexahydro-9- I‘ydmxv ~4-msthyl- 1&11,“611’
benro{deipyrano]3,4":6, 7 lindclizinol £,2- ‘qmrolmc iG,13-41-
one monomethanesuifonate {sait) dxh*'dniv DE-314 and DX-
8951f was synthesized in our laboratory. DE-310 and DX-
H251f were dissolved in pyrogencfrec distitied water and 4b
luted ueing the same water, Dose levels of DE-310 and DX-
8931F are expressed as those of [3XK-8951, Clisplatin (CDDP
Mippon Kayalm Co., Led, Tokyo) was dibated with pyrogen-
free physiclogical sabue. L\'(ka)q- hamide (2PA, Shicnogl
Co., Lid., Osaka) was dissolved in pyrogen~free distlled water
and di.hlta:d using the sarce water,

Animals. M&k‘, G-week-old BALB/c mice, BALB/c-nu/ni
nuds mics, O

C5TBL/S mice were purchased from Japan SEC,

E-mail kumazbs‘-a@da.:chl;:-harrn,vco.jp

Kumazawa and Ochi
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o

(Shizockay. They werse housed jo an exclusive expeaimen-  mewt.”? The twmor growih delay was statistically analyzed by
tal room under specific pﬂtm en-free conditions, and given  use of the Williams-Wilcoxon test. 2) Turnor growt irhi bitory
food stertlized by bradiation with y-rays, 1o pelicted fora (O vainst man cance \vmwrans Various human samors
ental Yeast Co, lok"o) or pon-steritized food, in pelleted form  maintained in nude mice were excised and out inle pieces ap-
¥ bashi Farms, Chiba), Water treated with hypochioride or  proxireately 2 to 3 yor in diaraster in HBSS. A piece of tumor
ered water was cwznldb ad libimm was transplanted s.c. lnto the right flank of nude mice using &
rocar. When the mean ETW reached 100 to 170 mg between
e Qoi{emm ined from Im- days 13 and 35 after oo i*amp}m Lo, ahe mice were gan-
une-Biclogical Laboratmks (_nml‘ﬂ'l P(, E/, was supplied by dom}v divided into experimental groups {5 or 6 mice per group)
Co., Ltd,, lx)kvo }E{ T Iﬁ'a\IZ di*(‘ "’( t)/\N” 38 are and were treated 1v. with DE-3 > dose {gdx 1} or
i DX-85511 every 4th day for a rotag s {gddx4). After
the first admisistration day G, the ETW and body weight of

g the mice were measured 2 10 5 6 or 28
., bad., Tokvo)y SN-38 1s an active rmaetabolite of CPT-11, days. The umor rpasses were ed and weighed, The

by *l"‘:ii;ibi-“ CFT analog. Differences 1n the cytoloxic e tamor weight was statistically analvzed by using Dunnett’s test,
& against paimtal and resistant celf lines are indi- 3} Life-prolonging effects in 2 Bver wmetastasis model of
ed as “degres of resistance” and were caloulated as follows:  MSO76. M3076 cells {(1210° cells/0.2 ml) were inoculated v,
Glso Tor pa-  via the tail vein of syngeneic C57BL/G mice (day ). Following
(SN2Z-3 an  intravenous mo( ulcmon the MSO76 cells disseminated
and PC-6/SN2-55 are 129 and 243, re 8P¢ a  widely in the whole body and formed tumor colonies in v
cell line overexpressing F-glyooprotein ' host organs, These twmor cells have been cshown to be retair
HOT1I6/SN2-3 and PC- /%N 58 were culfurn "d i ovitro in inittally for 3 to 4 days in the fungs, then they detach, re-cireu-
PREIGA0 mediom cupplemented with 107% fetad bovioe serare late, and grow matnly in the Hver. Occasionally tumors form in
Hyclone Laboratories, Logan, UT or Bocknek, {Canada}, other organs such as the spleen, ovary, bone marrow and
ad thern incculsted s.c. jolo onde nice and roainfived ss solid  bein?® Tuwoer colowes esiablished jo the Hver grow xapidly
tuors by montnly or bi-monthly subcutaneous *r'map,amation and host mice usually die of hepatic dysfunction within 2 to 3
leth A was obtained from Hokkatde Usiversity, Bappore.  weeks afler tumor cell inoculation. In the present experiment,
P and 3LLA 20 were obiained from the Japanese Foun- mice were i.v. adminisiered either a single dose of DE-310 or
fion for Cancer Hoscarch, Tokyo, Meth & and MEG76 were an otermititent dose {every 14th day for a total of 4 doses,
raainiained by serial intraperitoneal passage in syngeneic mice.  gli4d f DE-310 beginning on day 3. A single dose of
Ascitic flaid was collected 7 or 14 days after implantation, and  CDDP was Ly, adreinistered on day 8. It was conftrmed by pre-
mmor cells were washed twice with Hanks’ balanced salt sofu-  liminary histopathological examinations that tumor colonies
ton (HBSS). The cell suspension was inoculated into the peri- were already ;—:stablish@d in the liver and otber organs on day 4

weal cavity of syngeneic mice. 3 was serially maintained  after inoculation of MSG76 cells (1x10% cells/0.2 ml). Survival
s a solid turaor by subcutancous passage every 2 weeks in svi-  time was monitored dailv uniil termination of the study on day
reneic mice. 130, Dead mice were jmmediately necropsied, and sury 1\’mb
Experimental designs. 1) Antitumor activity against murine  mnice were sacrificed and autopsied on day 130, Survival time
Aeth AL Meth A cel x 10 cells /LT md) were inoculated s.c. atistically analyzed by use of the Withiams-Wilcoxon e
inio the right flank of synger neic BALE/c mice and compounds  4) Life-prolonging effects in a lung metastasia model of 3LL.
were mgeutﬁd using varicous ‘SC(K:dUiEﬁ from 7 or 11 days afice For the preparation of single cell suspensions from 3LL sohid
tumor inoculation. For the study of tumor growth-inhibitory ef-  tumors, the fomors were excised, and rinsed several times in
focts, the aniiiumor actvity was evaluated in ferms of the umor  HBSS. The necrotic portion was removed, asd the tumaors were
eight, Tumor masses were excised and weighed on the 21st owi into pieces and dispersed using 0.14% lagenase type 1
day aficr tumor inocufation. Differences in tumor weight were  (Type 1, Clostridiopeptidase A; BEC3.4.24.3 frora Closiridiun
atistically analyzed by using Punuett’s test. For tomor growth  hisrolyricum, Lot BOHOSIR, Sigma, St Lowvis, MO} and G039
delay offects, growth delay, expressed as 7, was defined as DNase ’d“oxynbvnu"]uaq" I BEC3.1.21 Lot 33H9598,
ihe difference in days between the median tmes (M) required  Sigma), as previously described in detaid? ALE cels (Sx105
or the tumaors of treated (7) and control {7} animals to reach  cells/0.2 ml) were inoculated i.v. via the tail vein of syngeneic
an established turmor weight (ETW) approcimately 3 or § thmes O37BL/6 mice (day ). Following intravenous inoculation, the
greater than that meas sured at the time of the original treat-  3LL celis disseminated to the jungs and consistently formed tu-

&y
egroe of resistance={GlLs; for resistant cell Hoe)/{Gi;
rental cell line). The degrees of resistance of HCT116/!

»et

\ o’ s
w-« g CFRDey-EA eaevicr
oy

g e

S

-GH,80,H-2H,0
, I . 2t (o piat [(B]

Fig, 1. Chemical structures of DE-310 (partiai :
structure) [A] and DX-8951f [B].

Kumazawa and Ochi Cancer Sci | February 2004 | vei.®5 | no.2 | 18%



1937 of 14295

OnCusp
Ex. 1002

o \~:
% G*« B, SR

Controt

AT
MID o

2

s

Dose levels
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mn‘e pev q;m:p'

ing mice.

oo coloniss. As a result of rapid tumor growth in the hungs,
the host animals died of bleeding in the pleural cavity within 3
weeks after tumor cell inoculation ! ? BT {n the presem e~
signent, mice were 1.v. adrolaigtersd olther a single d
termitant doses (eve ery 7th day Tor wtotal of 4 dos
DE-310, once daily tmes 5 doses an\b‘ of DX-89511, or B
single dose of CPA beginning on day 3. Survival time was
mom“orsd daity until tereyination of the st rudy on day 123, Dead
mice were imm-vdmteiy gecropsied, and sorviving mice were
sacrificed and antopsied on day 123, Survival time was statist-
cally analyzed by use of the Williarns-Wilcoxon test.
Evalustions of activity and toxicity, The ETW was calculated
using the formuda®: ETW=LxW?/2, where L and W reprosent
the Eerwn aed the width of the tumor mass, respectively. The
growil inhibition rate (IR} on the basis of fumor weight was
caloulpted using the formula: R={1-TWJ/TW 00 (%),
where TW, and TW, wpresent the mean tumur weight of &
treated group and that of the conirol group, respeetively. When
the IR was SB% or higher, the drug was "Ok’lold&l,i‘. Siactive
Swrvival rates (SR} on day n were caloulated from the follow-
ing forrmuda: SB (% (number of mice that survived on day n/
number of nice use norense 1o Hfs spu: \U 53 was cal-
culated Orom the following formoula: ILS (%)= {{MSET /ST )-
1]% 100, where 33T, and MST, represent the mcdian survival
im 2 of & treated group in daya and that of the wnnd Zroup 1
days, respectively. When the IL5 was above 50%, the drug was
considerad effactive.?? Thw rate of body weighl loss (BWL)Y
was caiculated based ¢n the {oilowing formula: BWL (%5={1-
BW,/BW,ix 100, where BW, and AW, represent the mean body
weight of mice oo day 7 and that of mice on the day when ad-

170

osze levels of T)F 330 represent TX-&

5 gphean RES

days £

1 oquivalents 36 determined by an HELO method.
s of the anhydrous ifree base,

oressed a3 18058
G and BBREIT a8 a single o {adik ) o deed SailinS Wi
i et ke ey feeight and body weight for BedRTR 174870
nett on st schachde. Polats reprgsont the maan valag of surdy.

minictration started, respectively. BWL, , indicates the maxi-
roauwm vaiue of BWIL, BWI, ., of loss than zero (0 indicates no
body weight loss. In the tables, the notations 2 and { ndicate
the numbor of mice that dled of toxicity and the number of
orice used, reapeotively.

Animal vislfare. All expetimental procedures were performed
in accordance with the in-bouse guidelines of the Tustitutional
Apimal Care and Use Committee of Dadichi Pharmaceutical
Co., Lid,

Ragiults

;‘%fi'i‘l} L
3 aiast, 10
! Ti* &mi lui \'!TD m,hbxiui T
Gle 3o DXCRORL A e WL g ke gy rotal chosad
’\ETD shruok the tumor and inhibifed tmer groreetly,

ively.

mmw g;mwm delay effacts oF DE310 with dez
g ssamined in 8 longar 1y
§3m tnm M':i‘ :

tca .1i ii*r‘ M N }() .ami {/2 W
;i:w ;mu sdhad an and all n,
ronained fomm
cotpplen &

o e
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doses exhibited dose-dependert tumor growth delay effects.

Tumaor gmwth delay effacts of DE-310 with various schedules,
PE-310 with gaxi caused the compleie disappearasse of fu-
MO mnasses at several doses, as shown in Tabie 1. 1hereiorc, in
this examination with various schedules, freatynent was started
frora 11 days. The size of twmor masses on ziay o was 1.6
ines larger than in the case of Tabie 1 and Fig. 2. As shown in
, A0 w57 mplike with dotermiitent s¢ be indes exhibe
uad a higher ratic of wm'ﬂck response or produced a greater
[Qateis gwwti. delay than when given with cr.ix.. BWL 1o the

aednies of g3dx4 and g7dx4, which gave conmkte response,
) very severs (25.1%) or maoderate (11.19), rospectively.
DBE-310 at 2.85 mvrkg algo resulied in a sigr uficemt fBInOr
owtt delay in wverse proportion 1o the lengih of the admins-
ration interval.

Antitumaor activity against colon cancer xenografts. As shown in
Table 2, against parental HOT116, DE-310 and DX-E951E ex-
hibited strong anitumor activity at the MTD 16 173 MTD ard
at the MTD o 176 MTD, respectively. Antitumor activity of
DE-Z10 at 176 MTD was stmilar to that of DX-8Y51 at /12
MTIs. Against the rexistant vaviant HOTTIG/SN2-3, DE-310 at

/3 MTD and DX-8981F at 1/6 MTE produced moderate anti-
trsor activily.

Antitumor activity against lung cancer xenografis. As showan in
Table 3, DE-310 at the MTD and 176 MTD against parental
PC-6 exhibited exceptional antifumor activity without any
death from texicity. Antitumor vity of IDE-310 at the MTE:
agatnst PC-6/SN2-55 was moderate. DX-8951 at the MTD
mat PC-6 showed strong antitomoer actvity, bot was not of-
fecuve at 1/ MTD. Agntumor activity of DX-89511 at the
MTD against PC-6/8NZ-58 was randecate. Results against BC-

OnCusp
Ex. 1002

Table 1. Tumor growth delay effect of DE-318 with a single dose
{qdx1) against NMeth A solld wumors

ime o reach astimated

Dase? wmar weight of 500 mg BWlna®  rm
‘ \ Hong U
{me/lg) {days) {0} [days]

“‘1 5.

11.4 (MTD) »>B57.08" NAZ
5.7 »67.08 NA
2.85 >866.88" NA
1428 >56.88" NA
07123 31.7% 16,63
.2563 18.67 4.54
0.1781 ot 25 Q. ’13

The mice were randorm '“ed on day 7 and received an i
DE-310. =% FZ0.01, = P<0.05 vs. controb {Williams-WWi
Mean of estimated tumor welghts of each group at the star
meant were 107-1138 mq

7} Dose levels of DE-310 were expressed as thosd of DX-8951. T
content of DX-8851 presant in RE-210 was determined by HPLC
2y MT indicates madian time taken for tumors to reach astimeted tu-
mor weight of 500 mg.
3 7--C, tumor growth deiay, is the (}!ffeic'lfé‘ between the median
time required for n.frcrs in treated (T} and cantrel (C) mice to reach
an estimated tuy ight of 500 myg as approximately 5 times theiy
uritreated estimated tumor weight on day 7.
4 BWL . 18 the maximum rate of body wesqht {oss, with numbers in
parentheses denoting the day. <0 indicates no body weight oss.
5} FIU indicates number of wmor-free mice on da 2y 67/ number of
mice used,
51 NA means "not applicable.”

{ of treat-

& A &

Fig, 2. Tumor growth curves and body welqht changes in animals given D
and .,crexved an i.v. :
4 days 4 times \q14dx4) Arrows indicate the day of treatment. Points represent the

vidad into several groups {6 mice per g mfmrl on doy
Lw 4 times (q3d»4), every 7 days 4 times {(q7d
ean value for § mice.

“umazawe and Ochi

frer tunor inocudation

Daose levels of DE-310 represent DX-8351 eyuivalents
a¢ deterinined by an BPLO method.

210 a5 a single dose and severa! repeated doses. The mice were di-
ction of DE-310 with the <c!‘edu.e of a single dose {gd=1}, every 3
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12 are shown in Tabie 4. DE-310 prodeced antituimor activily
with 1R values of R0% or higher at the MTD and 2/3 MTD.
However, DX-83511{ showed sietlar activity only at the MU
Antitumar activity in g liver metsstasis mode! of murine histiooy-
toma. The results ave shown i Table 5. Because two mice disd
foliowing a single dose adroinistration of DE-310 at 22.8 mg/
kg, this ‘dose was considered to be the MTD in this twroor
raodel. DXE-31G at the MY to 1/2 M exhibiied significant
Hie -proionbmg: effects. The death of one mouse at i/2 MTD
was secondaxy to a poor eutritional state due 1o abuormal inci- J’iatsmmnf sntivity I & fung m&tsstaszs moﬁei wf mmine futig o
sovs, PE-310 at 174 MTD to 1/32 MTD also exhibited signifi- ST (t‘\tilﬁ'« Mo Shasr “Fat
cant life-prelonging effects with B values of over 700%. 3
Neither xic death nor severe BWL was observed in thege
groups, Furthermore, 5 to 7 mice survived undil day 130 and the

S 1&1‘.?:’3

CHCTTIE

Total dase”

Compound  Schedule ti/kg) Tumor weighi Bv\JL" ax Bl
MeanzsE (g IR (%) {953 ldayl ™7
G 2 ‘?191-) 498 C ERLE)] 376 it [Jﬂ
11.4 [ 0.*3&:5-‘"‘ 100 24.3 201 EASL 0,4113:().0/?” 77 4026} 3/e%
8.55 (MTD) 948 27.0 [23] 1ig5% NEA
5.70 98 17.4 §1%]) 38 QI4TE0L77 62 4.0{21] 0/¢
2.85 90 8.7 120 046 B0z 7141 ors
H 1.425 78 5.4 §17) 348 L1 E43] v/
gaixi 07125 63 9.2 [41] 8/8 1{4%1 o/6
Gudxd {.3583 38 11.0 [43] w8
OX-88511 qadxd 75 (MTD} 100 13.8 {26] 848
a4dxd 50 100 10.4 {22] 4/& 13, }
gbdxd 25 a9 2.5 [25] 046 073 84 10,1 [ 0/8
gidnd 2.5 a8 4.7 {22] o/ C.872+0.180" 55 10.2 [43]  0/6
qAdx4g 6.25 83 10.7 [22] O/6 - N

e mice were divided into severdi qroups W?-en the mean estimated tumaor wugh? reached approximately 140 mg on day 13 (HCTY !u‘ or
approximately 100 mg on dey 15 (HCTTIE/SN2-2). Tumor weight was assessed on 28 days after the first admxmstta\-on {(HCT116: day 41,
HCTT16/8N2-3: day 42), === P<0.001, »» P<0.01, » P<3.05 vs. control {Durnnett's tast).

1} Dose levels of DE»B?’J and DX-SQSH were expressed as those of DX-8351. The content of DX-8951 present in DE-310 was determined by
HPLC,

2} Maximum rate of body weight toss, with numbers in parantheses denoting the day, <0 indizates no body weight foss.
3) Number of mice that died of tamcs‘c\"number of mice used.

4} Not done.

5a, 5b, 5¢) Death days were as follows: days 19, 19 and 21 (53}, days 25 (58}, days 20, 21 and 20 {50

Yable 3 Ami tumm’ effec?s of DE-310 and DX-8951f agamﬂ hunmn fung cancer PC-6 and PC-6/SN2-55 xenografts in nude mice

doseh

. : tal
; d S o
Compound  Schedule meka)

BWL e
(%} {day]

Controtl 4] 4.8 (41} 3/8
DE-310 3 .55 {MTD) 0.306+0.181 52 25.9 [41] 076
0.425£0.183 47 12.6 [42]  ©0/6

0.705£0.176 12 2.2{32] O/6 3 3

.' 0.795+:0.287 [} <{ als jte

Q.7125 0.81840.175 -3 <} /6 the

OX-8951F qadxa 75 (MTD) 0.281+0.161 52 16.0 [48] 0/6 M

addxs 50 0,289:0.101 63 11.3 [%01  O/8 >4
x4 25 0.410+0 141 49 5.6 {4817 o/6

qddxd 2.5 0.552+01.184 30 0.6 [48] Q/é s

hed approximataly 150 rm_.( on day 28 (PC- r) or

MO 160 mb on daw 3< {#C € “r W35 asw’ym oN ?8 days after the first administration (PC-A: day 56, PC-E/SNI-5S 5[":1
day 63} P800, = P O s, »ontroi \Dur ett's te! - 18
7} Dose levels of DE-310 and 0X-83511 were expressed as thase of DX-8951. The content of UX-8951 present in DE-2190 was determinad fes
By HPLC. v
2} Miaximum rate of body weight icss, with numbers in parentheses denoting the day. < indicatas no body weight ioss. iise
3} Mumber of mice that disd of toxicity/number of mice used. £ N
4} Not done, Hn
A Yurnszawa snd O Kure
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Tabie 4. Anti-tumor effects of DE-310 and DX-89577 against human lung wancar F‘C 1? xenograits m nude mice
Lompound Schedule Total dose” (frm'«q, D7
1.828:10.424 R /6
0.299+Q, (‘"” “ 85 245 /8
0.378:£0.057 B0 1001 {223 0/6
72580181 82 4.6 {21} 3/6
N 39 0.5 18} /6
) /b
D-8951F ' 9.7 32} 0/6
£0IRT 65 8.4 {31} 076
T? 2 rmice were divided into several groups whan the mean estimated tumar waight reached approximately 1?()
Mg OGN dey 17, Tumor weight was assessed on 21 days after the first administration {day 38). ¢ RUCH I

PG, & P2D0% vs, contro! (Dunnety's test),

I Dose !weis of 3E-310 and DX-8251f were expressed as those of DX-BO51. Thie content of DK-BH51 prasent in
DE-310 was determined by HPLL

2y BMaxirmum rate of body weight ioss, with numbers in parentheses denoting the day. <@ indicates no body
weight loss.

3} Number of mice that died of toxicity/number of mize used.

Table 5. Ants-tumm effects of BE-310 and CDOP in a liver metastasis modei a'.‘r mur:mﬂ hsstsocytsma MSQ76

Total dose’.

Compound  Scheduie DI NISA

{mg/eg)
P —— Py e
DE-3210 342 165-18 17.60 8.7 18416 v
22.8 (MTD} 26130 7600 359.4 2410 272
17. 50-»130 7RIS 367. 8/10 11
1.4 S5-> 130 £1.80~ 40G.3 1410 212
5.70 5 »129.80~ >700.5 8/10 4i5
2.85 >128.75" >701.4 /10 &/8
1.425 >1¢’.9 >702.1 ZATY 77
0.7125 >128.86" »702.1 8/10 77
o 0.356 116,00+ 616.5 ¢/ 10 344
i 1781 33.0¢ 103.8 0410 G
‘ qiddxd 114 21130 > 129.94 »702.6 <O o/t0
¥ qlddx4 2.85 57->130 »130.00~ ¢ :{ 075
CODP qdxi i5 (MTD) 16-->130 >129.94~ . 3 [13] b
qdx1 10 >139.34 »702.6 8.5 [12} o110
gabd 5.0 74->130 > 13000 >703.0 2.3 091 010
faleRER: 25 20->120 2600 50.6 <&} 871G 1
qdxi 1.25 18-32 19.00 17.4 1.2 191 G6/10 o
#x £0.01, » P20.05 vs. control, # F<0.05 vs. single dose ir‘jectio“ of the sarme total dose (Williams-Wilcoxen
test).

¥} Dose tevels of DE-310 were exprassed as those of DX-8351. The content of DX-8951 prasent in DE-210 was
determinad by HPLL,

2} Maximum value Tor rate of body weight loss (%), with numbers in parentheses denoting the day, <90 indi-
cates o body weight loss.

3) Number of mice that died of toxicity/number of mice used.

4) Number of tumor-free mice/number of mice that survived by day 130 after tumor inoculation.

in which DX-8951 is combined with the hodegead

Dex-PA camrier by a peptidyi spacer. The average molecnic
weight of DE-3i0 is 340,000 and the componed has a
“stealthy” property.'® These characteristics of DE-310 result in
decreased exerefion through the kidneys and decreased endocy-
tosie 1o the Bver/RESST Accordingly, 13E-310 exhibits pro-
longed high plasma-levels, and this phenomenon increases the
EPR offect. nfset the distribugon of BE-319 to the tumor tis-
£ sysiem sue, DX-RO51 is continnously generated from DE-310.9
{-known In order fo clai ify the change n characterisiics obiamed by
B More-  applying DX-8931 w drug (sm'e:y system {8}, a compari-
A of rogesmoleny fvoyny amor son of the anritx.n'u i fre-vt of DE-310 and DX-3951% ‘4"135 car-
dnes not occur. Aceuidingly, S@aumns es fenwn in ried oud using the Meth A i Although DX-8351f at the
fmor dssues for a long perdod of tme. BE-310 has @ structure MTD by gd: "1 showed 1K 50% at most, DX-BY511 at t hc MTD

G4

inc;ud n,g mmm blood vess
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Table 6. Anti-tumor effects of DE-310, DX-8951f
carcinorna SEL

1516
17.1 (MTD)  26->123
11:4
5.70
2.85

OnCusp
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and CPA in a lung metastasis model of murine lung

3755
1420
G606
323
185

->123
?2 2%

i&# P‘\
COXON T
7y Do

prasent in DE-3

evels of DE-3
310 was determinaed by HPLL,

01 vs, single dose lHjFLtiOﬂ uf the same total d

10 and DX-89531F were exprassed as those of DX-8951.

167.5
137.7

208
56.6

Aty

e (Williams-wil-

The contents of DX-8931

2y Maximum value for rate of body weight loss (%), with numbers in parentheses denoting the day, <0

indicates no body weight loss.

3y Number of mice that died of toxicity/number of mice used.

4y Number of wmor-free mice/number of mice that survived by day

Table 7. Comparison of the effective dose-ranges of DE-310¢ and DX-
ga51f agamst Meth A sc&hd fumors

. o MTD MED  Therapeutic
Compound Scheditie (markg)  (maskg)
DE-350 qadxt 11.4 6.712% 18
2X-8351F  gdwl 40 =40 P
gdadnd 60 15 4
qddxd 15 1.875 g
gdx2/gbid 60 375 16
g3hx3igadxa 50 375 16

Dose tevels of DE-210 and DX-RI51f were expressed as DX-8351. MTD:
the maximum toleratad dose (total dose}. MED: the minimum effec
tive dose {total dose) which exhibited iR 25%8%. Therapeutic index:
MTD/RIED. gdx 10 @ single dose, gédxd: every d4th day Tor 3 total of 4
dosas, qox4: once dailvx4 treatments, gqdx2/gddxd: 4 cycles of daily
doses for 2 days every 4th day, q3hx3/q4dx4d: 4 oycles of 3 doses per
day every 4th day.

and at 1/4 MTD by gdx 3§ showed a tumor regression effect and
a feraocdahibuory effect, respectively. Since DX-5951f has a
time—dependent mode of cyiotoxic action, it is possible to im-
prove its aniitumor action by changing the admninistration
method. ‘v\'“ were abje to obtain an improvement in therapeutic
index expressed as MTD/MED (dose which shows an antine
mor effect of IR 58% and higher}, as shown in Table 7.9 That
is, DIX-895iF showed a therapeutic index of 16 when given by
raultiple administraiions.

Omn the other hand, DE-310 at the MTD and at 1/4 MTD by
gix 1 showed twmor tegression, and even at 1716 MTD, DE-
3310 showed & tumor growth-inhibitory effect. The therapsutic
wndex of 16 obtained with muliple adminisirations of DX-
50511 was B.Chl%\'@u by a single dose of DE-310 corresponding
to 1/5th of the dose of DX-89517 {(compared as D)& a51
equivalents). Moreover, no body weight loas of Meth-A-bearing
mice treated with DE-310 at 1/4 M"I‘iﬁ) was ohserved. These
findings clearly suggest that the pharmacokinetics, antitumor

174

23 after turmor inscuiation,

effects and toxicuy of DX-82951 are iraproved, eshanced and
reduced, respectively, by applying to DDS.

The pharoacokinetics of DE-310 in a Meth A roodel have ai-
ready been reported, as follows’™ (I} The half-life times in the
bicod of “C-DX-8951f and “C-DE-310 (cartier-labeled and
DX -iabeled) given by gdX 1 are about 20 min and 2.0 days, re-
spectively. (15 The AUC of free D"\I 951 in turaors following
the aciministration of DE-310 is 3 times and 28 times higher
than those in the liver and Jung, respectively. (D The balf Ciife
of free DX -BO51 in turaors iolia vmd the adrinistration of DE-
310 1s 2 or 3 days. (IV) In mic eated with HC-DE-310 ¢
rier-fabeled), 95% or more oi ihf radiogctivity s
within 42 d.w after administration. These resulis suggest thai
DE-310 has desivable characteristics, such as high refention in
the blood, preferential accumulation in the tumor and sustained
and Jow welease of free DIX-8951, and that the carrier of DE-
310G is biodegradable, It is considered that the above pharmaco-
Kiretic results account well for the difference in antiturnor of
fect between DX-8951{ and DE-310.

Because DX-8951f administerod cvery 4th day for a total of
4 irjeciions showed an excellent antitumor effect against vari-
ous hnman fureors xenografted in aude roice,® the antii
effects of this schedule of 3X-89511 and a single dose of DE-
ﬁiﬂ were compared. Coneidering that the hali 'de in the bicod

the conjugaied 13X-8931 was fi days (Meth A-bearing mice),
the administration schedule of DE-319 raay have teen shig
disadvantageons compared with that of DX-8951f. DE 31,
however, showed a remaghabie vffect apaingt PC-6. In other hw-
man tumor xencgrafls o, the antiusiar eifest of DX-ROSU
given by intemutter adminisiration  was to  that
achiovd by gads ¥ <>f DBEG ,

O the otfer hand, o in the clinical setting exist withil
organs and thus differ from buman mmor xenograft models.
T hexefme prolongation of the survival period with DE-310 was
sxamined’ in 2 lung metastasie yondel ge d & {vez H“td"tdbi(
mmwi uwmvmo u.udvenous trans i

stmilar
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¥, tbe main dose-limiting toxicity of DE-318 was hema-
ey, consistent with that g)rr:»,’s«_)u.siy reported for

£.95 20 However, DE-310 induced far less myelotoxic-
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ity than DX-89311 at doses that showed s yees of anti-

fumor  activiey.”®  Moreover, we evaluated the aantigesnic
potant U in guinea pig models of a systenic

anaphyiwas reacton (ASA) and passive
reaction (FOCA). The results suggest that o1
weak antigenic potential {(positive razor $%) (unpublish
sulis).

The findings pr

apliviaxis
have
ed re

fed in thi

st that the pharma-
cokinetics oi the M Dex-PA carrier are favorable, and this
carrier may also be applicable i dc\'elo; ) n'ugatci of other
currently used antitumor drugs, 1o addition o DX-8251F

tier excellent techncal
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Potent and broad antitumor effects of DX.89511,
a water-soluble camptothecin derivative,
against various human tumors xenografied in nude mice

Recewved: 3 June 1997 [ Accepted: 23 November 1397

Abstract Purposz: We have previously reported that
D3-8951, a water-soluble and nonprodrug camptothe-
cin {CPT) derivative, exhibits both high in vitro potency
against a series of 32 maklignant ccll lines and significant
topoisomerase | inhibition. The purpose of this study

was to evatuate the therapeutic efficacy of IDX-8951f

against human twmor xepografls in vude mice and to
compare its activity with those of CPFT-i1 and other
current CPT derivatives. Methods: The antitumor ac-
tivity of D-8931f against xenografts of several different
types of hwoan tumors was determined in nude mice
using = schedule in which DXA5951] was administered
intravenously every 4th day {or a total of four injcctions.
Resulis: Against both gastric adenocarcinoroa SC-6 and
its CPT-1i-resistant variant, SC-6/CPT-11,
demeonstrated superior antitumor activity and antitumor
activity over a broader range of doses than did CPT-11,
SK&F104864 {(bycamtin, topotecan)y and GG-2i
(GI147211) D2-8951F at 75 mg/kg was  effective
{growih inhibition rate IR Z SE%) against 15 of 16 lines
of human cancers examined (6 colon cascers, 5 hung
cancers, 2 breast cancers, 1 renal cancer and the above
2 gastric cancers), and exhibited excellent antitumor
activity (IR = 80%) against 14 of these lines. CPT-11
exhibiied antitumor activity with IR values of S8% and
higher against 11 lines and IR valoes of 86% and higher

against only eight of the same 16 human tumors
DW-RG511 was effective in inhibiting the growth of an
SN-3%-resisiant  tumor and  some P-glveoprotein-
expressing tumors, but CPT-11 was not. Conclusions:
DX-R951F exhibited potent antifumor activity against
various types of hwoan twoor xenografts. Its mm vive

C AL Tohgoe

1‘ Kita-Kasat 1-Chome,

E'e oA 3EB0.01 51 Fan 4810 56564764

BX-8051f

antitwmnor effects were superior to those of
camptothecin analogs agaiost certain tumors.,

carrent

ey words 28951
Campiothecin derjvail

o
[
-
!

CPE-1L-
ives

- Human tumor xenografts

fntroduction

CPT-11, a DNA topoisomerase 1 inhibitor, has 2
mechanism of acuon different from other currently
svailable therapewdic agents [13] It exhibits antitumor
actvity agminst some human turnor xenografts in nude
mice when administerad intravenously {(L.v.} a8 a single
dose or when admindstered indermittently. CPT-11 35
effective against human colon cancers Co-4
H-110 {31, lung cancers Q056 [14] and H- *’4
against breast cancer MX-1 [14]. Bvahwation ¢ ;
trials with CPT-11 has revealed a high respouse rafe
among small-cell hing cancers {17, 20], non-small-celi
lung cancers [6,18], cervical cancers {23], ovarian cancers
221 and colorectal cancers {21}, The response rate 1o
CPT-11 is 25% in colorectal cancer patients with priot
radiotherapy or chemotherapy [21]. These findings
demonstrate that the antitamor activity of CPT-11 ob-
served in the preclinical stodies also could be obtained
climically, and suggest that results of studies using hu-
man iomor xenografts in nude rmice can be used ©
predict the clinical efficacy of future antitumor agenis.
We previously reported  that DXGE95IL 2 new
cay‘nptotiwcin derivative, exiubits significant topoiseom-
erase § inhibition and potent antitumor activity in vilro
m\\t faian turpors derived from a variety of tissges
hose sffects of DIXWESSE] are greater than th
CPT-11 and SK&F 104864 {19} In Ehe presem stud}', We
‘.1‘*"1*’38‘!-’(. the therapsutiv efficacy &ff 8
¥ of human TBRdE xcnuom}tq in =md\ fmu. a‘ld
corapared e activity with those of CPT-11 and other
current camptothecin derivatives.

{14} and
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Tumors

ed are hstcd in Table 1. 8C-6 and
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wide mice of CPY-11 at 60 mg/kg once or Lwice per
hs. PC-G/VORZ9-8 and PC-6/SN2-38 were iso-
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Evaluation of autitumor oifects
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Fig. 14~ Chemuical structures of DX-8951F (A} P 11 {8).
SR &FI04864 () and GG-211 (I8
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Animals

Jess Ehan z,cro mdi a3
Male 6-woek-old BALB/c-ou/nu nude mice wers purchase iirom  of the namber of wice that died of
Fapan SLAT (8hizuoka, Japan}. They were housed in an exclusively  roice used,
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Gastoc cancer

Colon cancer

SC-6° i
SC-6/CPT-117
-3¢
{n-4°

Fifferentiated ads SRCUATT i‘)ﬁl‘:’iﬁ

i-aefected variant of 30-

BGOAreinoma

WEL0
SR
DLE-pbE
WiDe?

Lung cancer
Poorly &
at-cell cars
VCR-~aclected variaut of PC-6
Shl-38.selectad variant of PO-6

Carcincima
Medullary tubular carcinoma

PBreasi cancer

Renal cancer Carcincma

from the Amepis
L by Formy o, Lid., okyu
Obtgined from In :.wB;ulog:uai Laborateses, Gumaa, Japan
EPuglvooprotein oversipression

deoticusly observed that the qdd x4 schedule more
readily caused the regressive effects of DXGE951E com-
pared with the g7d x 3, and a schedule of gd4d # 3 more
freq:;enti" ermitted regrowth of tumors 'ha,n did the ¢
g4d x 4 achedule. Based on these findings, the gdd x4
schedule was chosen as a schedule for mtc‘:mittent ap-
plication of DX-E951{, aud the antibumor effects of the
corapound oo the schedule against buman tumor xeno-
grafis in nude mice were sxamned.

‘Results

Antitwmor effe
agaipst human 8

of DX-8951f in vartcus schedules
-6 gastric cancer Xxenografts

determine the schedule of adoinisiration used in
further  expenments, the  therapeutic  efficacies
of DX-5951{ when admimsiered every 4th day fora tr\mi
of four injecitons (gdd » 4}, every 4th day for g toial of
three injections (gdd X 3) or every 7th day for a tolal of
three injections {g7d x 3} against $C-6 yenografis ware
examined (Table 23, DX-88511 exhibited strong antitu-
mor effects with IR values of 77% and higher at total
doses of 25 and 530 mg/kg on all scheduies. ¥n a compar-

Antitumor offects againgt gastric cancer xenografts

The resulis ars shown in Table 3, The antiiumor effecis
of various campiothecin derivativ s {D3X-8931f st a total

ison of growth curves at 30 myg/kg (Fig. 2}, it was ten-  dose of 25 mg/ky, SK&FI{4864 3t a total dose of
Fable 2 Antitumor Tetal dose Schedule IR o

BW Lmax? T
DX-8851 in varic N Lnax ‘ Y

againet buguan B
CANCEr XenOpys
A wicce of BC-8

¥ Total dose
135 sch ».\h}lsS P
[$ kg’
-6 gasteic -
n aude mice.
mor blo

Experiment 17

was inoculated into the righs " 43 X Q7 b
Aapk of BALB/c-nu/nu mice S g_;é ; {f L;é ,’é
{day 0). Mice received rauliipls §7d x ; ;}3 ;l
wv. adminiatrations on g4d < 4, Experiment 29 ’ : ‘
q4d x 3 org7d x 3 dules 23 add % 4 a5 P
iay 13 {exps rimem 1} or 44 3 45 I
L 23 Tumor g7 X Pt ‘ P
ight was as d on day 43 - ¥
(experiment 1) or 42 {experi- 6.25 qdd = 4 3 i
reent 23 Dose levels of DX- gdd x 3 45

ed as thoss of gid x 3 58

biase

&3511 are expy
the anbydrou

AP - (3.6, P < .05, Tukey-Kramer trqt
v rate of body woght los :
bI\L mber of mice gt 3

dwatcs no body weighi luss)
v of mice used
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303 mg/kg and G211 at a toial dose of 25 mg/kg)
against 8C-6 xenoprafis were examined twice {(experi-
ments b oand 2}, and nearly sgual IR values were ob-
tained in the two experiments. The dose-cffoct curves,
which represent the 'fda:mm..lp between IR values and
total doses of sach compound, are showsn in Fig. 3.
FX-%951F exhibited a strong antituraor effect on 8C-9,
with IR vaives of 94% and higher at todal doses of 75, 50
and 25 mg/kg without deaths due to toxicity, and with

an IR vahie of 38% even at a total dose of 68.23 mg/kg,

one-twellth the highest dose. UPT-11 alse exhibiied an
antiturnor effect with IR values over 58% at all dnses
examined: an IR value of 94% was obtained at the
bighest total dose of 320 mg/leg, but the IR was reduced
to 62% at a total dose of 160 mgikg, f the bhighest
dose. SK&F104564 at a totel dose of 45 mg/kg \\bowui
an IR value of 81%, but vesulted in desths from toxicity

{(two of six mice). SK&PI04864 failed to show an
aniitomor cfect oven at the mgl.wt nenlethal dose of
kg, GG-211 was highly toxie

35 g/ v total doses of 75
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and 50 mg/kg. GG-211 exhibited an aptiiomor
with an IR vahie over 90% 21 a toial dose of 25 mg/ky
without deaths from toxicity, but was not effective at a
dose of 625 mog/kg (IR 30%), one-fourth the
vimurn tolerated dose {MTEN.

gainst 8C-6/CPT-11, CPT-11 at a
320 mg/kg :&;uwed an IR value of 65%
was low compared with its 1R va 1119 i G495 against
5C-6, Tms finding confivmed that SC-5/CPT-11 s
i "M)E to CPT-11 DX-85511 showed a strong antitu-
affect with IR vaiue‘x of 94% and higher at toial
doses of 75 and 530 np/kg against both SC-6) CPTI
and the parent tumor. 51&&?104864 was not cifective

gainst SC-6/CPT-11 at total doses of 2D and 30 mg/kg,
&L which no mice died of toxicity, (G-211 at 2 total dose
of 25 mg/kg resulted in an IR value of 89% against
SC-6/CPT-11, but this sffect was weaker .than that
against 3C-6.

total dose of
, but this value

Antitumor effects against colon cancer xenografls

The results are shown in Tabls 4 DEX-E9SIHE at total
doses of 75 and $0 mg/kg shewed dmm}mm effects with
¥R vahues of about, 88% against Co-3, Co-4 and DL,
Againgt Co-3 and Co-d in E!(LJLULLE the compound
exhibited antidumor cffects with IR values of about 60%
sven at a total dose of 25 mg/kg. Furthernmore,
3¥-8051F showed strong auntibamor effecis with IR
values of about 80% against SE-CO-1 and Wil at all
doses examined and IR values of 96 10 1G0% at dosss of
25 to 75 mg/kg against SWE20, Thus, against ail Lhc
above colon cancer Hnes, X 29511 resulisd in IR val
of 80% and bigher at 73 mg/kg and TR values above
38% at 50 mg/ke or, in selected tumiors, at 25 my/ke.
CPT-11 shuwul a atromg antitumor effect agaiost
Co-3, Co-4 and SWE20 with IR values of 90% and
igher, and against SK-00-1 mih IR values of 6295 and
higher at total doses of 160 1 ax/kg or more. However,
CPT-11 showad no or only a .ahght antiiunor effect with
IR values of 48% and 59% :;gzdmst Wiy and DED-1
even ab the highest dose of 320 mg/kg. The eifecls
against these two tumoer lHnes were weaker than those of
DX-8951E

Antitumor effects against hing canser xeoogratis
The results for PC-12 and PC-14 are shown in Table §
D-8031f showed anditumor effecis against these Lung
cancers with IR values of 81% and higher at total doses
£75 mg/kg and TR vahies of 60% to 70% at 30 my/kg,
without rearked body weight loss. CPT-11 was not of-
fective against PC-12. CPT-11 showed antivireor effects
against PC-14 with TR values of 83% and 59% at total
doses of 320 and 240 mg/kg. This effect was somewhat
inforior to that of 33 SHE
& and its resistant variants are

The resulis for PC-
showsr io Table 6, and the dose-effect cuorves for
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CPY-1], SKE&FI04864

rs SC-6 () and SC-6/
CPT-11 (<) in nude mice. Dose levels of the compounds
expressed as those of the anbydrons free base. Valies of IR% are
plotted against the total dose of each derivati Data were
obtained from Table 3. 1 indicates that some wice dind of toxic
effects

Fig. 3 Dose
and GG-21

X6

Ve,

compounds against these tumor lines are shown in
Fig. 4. DX-8931f exhibited antitumor effects against
parental PC-6 at total doses of 25 and 50 mg/kg with (R
values of 74% and 98%, respectively, without deaths
from toxicity. 1t also showed strong antitamor effects
againgt PC-6/8NZ-58 and PC-6/VCR29-9 with IR values
of 79% and 93% at & total dose of 75 myg/kg. CPT-11
showed a moderate antilummor effect (IR 63%) against
PC-6 only at the highest dose of 320 mg/fke. CPT-11 was
not effective againsi the rosistant varants PO-0/8N2Z-58
and PC-6/VCRIO-9. On the other hand, VOR at fotal
doses of 3 and 2.25 mg/kg showed antitumor efiects
against PC-6 and PC-6/8MN2-58 with TR values of about
70%. VOB was not effective against PC-6/VCRIS-9,

Antitumor effecis against braast cancer xenografis

The resulis ars shown in Table 7. DX-89511 at toial
doses of 75 and 50 mg/ke, as well as CPT-11 at 320 and
160 mg/kg, showed strong antitumor effects against
MX-1 and Dud475. Against MX-L, DX-E2SEf and
CPT-11 caused compleie regression of tumor masses.

Antiturnor effects against renal cancer Xenografis

The results are shown in Table 8. DX-8951f at total
doses of 50 and 75 mg/kg exhibited no antitumor ac-
tivity agamst A-498, CPT-11 also showed no antitumor
effect against A-498.

Comparison of the efficacy of DX-8951F and CPI-11

The efficacies of 3X-8951f and CPT-11 against human
tnrmor xenografts of 16 lines examined are sonunarized
in Table ¢ The number of tumors against which
DX-8951f or CPT-11 exhibited IR values of 80% and

higher or IR values of 38% and higher at the MTD
{75 mgfkg and 320 mg/kg, respectively} are shown as
indexes of antitwrnor effects. Responae rates are given in
parentheses, 1 811 exhibited antitumor 15 with
IR valzes of 8% and highet against 15 Honed {84%) and
with TR values of 80% and higher against 10 lines
{8%%). On the other hand, CPT-11 exhibitad antitemor
effects with IR valoes of 58% and higher against 11 Boes
(69%) and with IR valoes of 80% and higher against 8
lines {30%%}.

Discussion

We have previously reported that DX-8951f exhibits
significant topoisomerase T inhibition and potent anti-
tumnor activity in vitro agaisst boman tummors derived
from a vanety of iissues, and that these effecis of
DX-89S51f are greater than ibose of CPT-11 and
SK&F104864 [19]. In the present study, we exanuned the
therapentic efficacy of DX-8951f against a variety of
human tumor xenografts in nude mice. The schedule of
adnunistration was established as intermittent applica-
tion (g4d x 4) based on experimental results {Table 2)
and reports that CPT-11 [14], SK&F 104884 {9} and GG-
211 {37 by intermittent applications exhibit significant
antitwmer effects against bumarn tumor xenografls.

First, the antitumeor activity of DX-85511 against
S{C-6 gastric cancer xenografts was compared with those
of CPT-11, SK&F104864 and GG-211 (Table 31
13X-893511 exhibited antitumnor effects with IR vahues of
94% and higher at total doses of 75 (MTD), 50 and
25 mgfkg and with IR value of 58%6 even at one-twellth
the MTD, 6.25 mg/kg. When the therapsutic ratio {the
ratio of MTD to minimurs effective dose, MED (MTEy/
MEDNT was compared, the ratio for DX-8951 (MTD/
MEIZ 12) was clearly higher than that of other camp-
tothecin derivatives (MTED/MED less than 2}, In addi-
ton, IX-89511 exhibited strong antitumor effects at
iotal doses of 75 and $0 mg/ky agaiast SC-6/CPT-11, as
well 23 against the parent twrnor. However, the efficacy
of the other derivatives was less thas this against 3C-6/
CPT-11. These findings indicate that the antitumor ac-
tivity and the effective dose ranges of DX-8951{ are su-
perior to those of the current campisthecin derivatives
against human tumor xenografts.
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Table 5 Ant or effocts of IDXX-89511 and CPT-11 against bu-
man lung cancer xenografts in _mdt‘ mice. A pioce of tumor block
was implanted into the right f i ~nu/na wice (day (“
The mice were xavdommd cnd d. srded into sewrsl growps ’fw

six mice per group) when the n umor weight
162 1o 202 mg (PC-12 day 12, PC . Groups of o
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todal r weight was asscssed on
3-14) after the first ad-
§ e COMLEOL groups wers as

5 g, {’(“ 14 6,380 & 1.342 g, The dose
are exprns cd as those of the anhyvdrous

of four ;'nw‘ ons

olfiows: }’4 -12 827 &
levels of the L.Ol':'lpu-,\l'.do
free bass

ved njections of DX-RG51F or CPT-11 every 4th day’ for 8
spotnd Toial dose® PC-12 P-4
(mgfig)
iR BW Lma.\:" £y° TR BWLmax® B/U*
(i'}/c'/“ (l/’(. l)av
Contral 0 {3 <G G4/6 < {3
DX-R951F TS{IRTS x 4 GAEs <G 46 2.8 23
S {12.5 % &) £ <G /6 3.5 21
CPT-1 320 (80 % &) 12 < 46 <} |
240 {60 x 4) 1§ < &6 <} /5
s P 001, ™R E < BO0T; versus umirni ‘ov Dmme‘ " [Ps?
\ ;

@ Capipsinids were adsvdnist
”s\Lv«mvm rate of Tody o«
T Mumber of mice that died

Table & Antitumor efieots of DX-NOSH, CPT-11 and VOCR against
human lung cancer mm;:,m{h in nude mice. A pisoo n{ LOmoy
block was xmpldrlf—d o the nght fiank of BALE/C
{day 0). The mice were randomized and divided iufo several RIOUPS
six mice per group) when the mean estimated turmor weight
4 124 to 163 myg (PC-6 day 21, Pf"'-éfSi‘q 2

VORG-S day 36). Groups of mice received Ly in

58 day 22, PC-6/
ions of DX-

-y cight {oss)

§93if or LPl 11 every 4th day for a telal of
{add x 4} or VCR da.ly for § dayc {gd X
assessed on the 2Rth day afier the i

four iajections
5). Tomor weight was
administration. The tumor

werghts  of the control  groups were ax  follows: PC-S
2,455 = $267 g, 2-58 1. 877 + G . PC-6/VORZS-G

scin dexivatives
NI not done)

dose levels of the ¢ p?o
those of the anhydrous free base {

267 ¢
1870 & 6377 g
EXPIes &

Compound  Total dose? PC-0 PC-6/3N2-58 POGVORZSS
{mp/kg) : :
iR BWLmax® DU ER B‘V Llﬁa‘( D/us IR B‘y‘v mavb B/
{3%) G Eray {%%) Ya Day {%%)
Couteol g 0 <@ /6 o < 9/6 0 <0 /6
DBX-8851¢ 75 (1873 x 43 93 28.8 30 475 Fokerk 143 37 /6 G3Es 15.2 52 8/6
30 {12.5x 4 gE¥Fr 179 33 /6 HE¥¥FR 144 37 () N
Z5 {625 x &) FQrax 4.3 35 G/6 Y Rk <Q /6 ND
2.5 (3.125 x4} 1A% <g o/ 4% <o 0/6 NI
§25(1.5625 % 4)  S6%%* 34 22 /6 356 g o/ NI
CPT-11 320 {BOx 4 3= 39 22 G/6 -8 < /6 30 0.6 38 D6
246 (60 x &) 34 <{ /6 3 <Q §/¢ N
16 (40 = 4) 22 <{l 0/6 21 < 3/6 WD
80 {20 % 4} -5 <t g6 ND HD
VCE. % G {(Box 8 TIREF 244 28 /6 S 19.6 42 G/6
25{0.45 « 5) FikEE o 229 28 {8 N
1S 03%5) g2ERs 60 28 0/s MDD
L EER R < QLB versus control ’rm"

by Drunnet t"
S Wore Aﬁi‘ﬁm @

The

antitomor activity of DX-8951f was further
compared to that of CPT-11 using buman colon, lung,
breast and reral cancers, CPT-11 has been shown io
exhibit high antttumor activify againet human colon and
lung cancers in prwwuq preclinical {5, 14] and clinical
[6, 17, 18, 20, 21] studies, and it was also effective against
h\': of six colon cancer lines and two of five hing cancer
lines in our study, DX-R951F cxhibited marked activity
against all lines of the above colon and lung cancers,
including four lines (Wiby, PC-12, PC-6/VCR23-2 and

PC-5/SN2-58) against which CFT-11 was not effective.
We have found ‘Lh(ii‘ P12, POS/VER29-9 and DL
cells overexpress P- g,lyuoprotcgn (P-gp) by Western-
blotting analysis using an anti-P-gp monocional anti-
body {19]. P-gp, & plasma mernbrane protein, plays an
iraportant role in mu}udrm resistance as a drug efffox
pumyp {2, 7, 25} We have ziso shown that SK&F104864
and 3M-38 {an active metabolite of CFT-113 {12, 14, 243

are significantly or moderately subject to P-gp-mediated
in viiro {19], as previcusly reported by others

rasistance
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humean lung cancers {(#)and P
Drose levels of camptothecin derivativ e
the anhydrous {ree base. Values of IR% ars plut against th&.
total dose of each compound. Data wers obtained from Tabls &, ) . -
T indicates that some mice died of toxic effects Table 8 Aantumor eoffcets of DX-89511 and CPT-
nan renal Caneer Xenog m nude mice. A piece of tumor block
was implanted info the right flank of BALRB/cnu/nn mice (day U}
[1.8], but that DX-8951f i3 not affected by P-gp over- ¢ mice were randomized and div vided i several ar
exprassion [191. Against the above three cell fnes, e be "’Y,‘;‘“%’l?’“h{‘? the mean estimatod i‘?‘f““’.‘ .‘“"39m £
CPT-IL was not effestive (PC-12, PO-§/VOR20.9) or  sod M8 07 day 4. Liroups of mice received i, info

CPT-11 and VOR agaiost  varions anticancer ageots of these vardants are similar
sude mice:  gnd ng expression of P-gp was detected in PC-6/8N2-53 i
cells, PC-6/8N2-38 cells exhibit significant resistance to ;

N . . . £ RS or v dth day for a total of four ‘E]E»{ious 3
t?-‘{}?}lhliﬂi antinowy wity with an IR e o 59%  {g4d x 4), Tumer weight was assessed ou the 22nd day after the ]
{(I31.13-1), but DPX-8251 ex rhibited stroug antitumor ac-  fiost administration. The tumor ght of the sontrol group was
tvity with IR values of $0% and higher. These resulis L)Ah(lz) + (:f;Of;\. £ }l"hg dose levels of t}*e- sropounds are exprass

@y those of the anhydrous frex 1Y)
suggest that E¥X-89511 is less affected by P-gp thap & 'Bose of the aahydrous fres base .
CPT-11 in vive. Componnd Total dose® A-498

PC-6/SN2Z-58, an SMN-38-resistant variant derived (wgfkg) . B s o
from PL-6, was obtained by two courses of a stepwise R i
selection procedure: PC-6/8M2-5 cells [107 were esiab- {90} Yo Dy
lished from parental PC-6 celle in the firet course by ™7 ! - ; T
treatinent with 0.04 to 2 ng/mi SN-38, anad PC-6/SN2.58  Lontrol ¢ 0 DA

4 . DX-89511 41 272 50 2i¢
cells were derived from PC-6/SN2-5 cefls jo the second 28 166 4% o
course with 2 to 50 ng/mi SN-38. The msechanisms of 5 ¢ 31 117 4% o
resistance of PC-6/8N2-5 may be related 1o a decrease in ¢ppuy; 320 (80 % 4) 5 5347 a6 ‘
iotraceliular acoumulation of certain drugs, but may not 241} {60 X 4) 32 50 4 O §

be mediated by a classical efflux mechanisen due to lack :
. o < o T e (.a vl re adomind

of expression of P-gp [10]. The racchanism of resistance O ¥ i 1

of PC-6H/BN2-55 has been speculaied 1o be sirailar to that  joge)

of PC-6/8MN2-5, since the resistance palierns against  “Wuwmber of mice that dicd of

wd four times ab $Juy lotervals
sieof body weight loss { < 0 indicafe w0 body weight

toxicity/number of mice used

T.ﬁble Arntiturgor effects of DX-8251f and CPT-L] agm hua- v, injections of DX-E951F or CPT-11 overy ’!m day for a total ¢
man breast sancer xerog:afu in nude mice. A piece of tumor block Eow injections {g4d = 43 Tumor weigl i 2
wWas Amplantuﬁ into the right fank of BALB/e-nufou mice {(day 6}, day (Duda7 or ihe thy day (MX-1) after i
The mice were randomized and divided into scvual groups (3 or & Tuwwmor weights of control groups were as
raicg/group) when the wean estivaated fumor w 698} 4 1.686 g; Dndd75 2228 4 0.395 g Dose
200 mp :M\ 1 day 283 I)u44"r day 27} Groups of mice reccived  pounds were expressed as those of the anhydrous

wels of com-
ee base

< o*mc ound WX} Du4dd7s
iR Djus Facl BW Linax D/
(&) ¥ % Bay
Control 0 4] /3 4] 8.9 48 8/6
DX-8951f FERTS < 4) 100 FH {75 G ok 6.0 37 0,0
25 (6.25x4)  f0g e /s 7R ek 36 3 076
CPT-it 2 (80 7 4 {00 e /5 GF wEA iz 31 /%
(40 = 4 QR e /S RQ ek 14 31 0/5

5 versus control
\‘uf i

a8 in parentheses denoting the day; < indicates no body weight loss
*zum"e* i mice used
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indicated, in vivo as well, that CPT-11 was not effective 8, Hendricks OB, Rowinsky BX, Groch

wka PF, Henderson G, Sarangi
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Sequence investigation of the major gastrointestinal
tumor-associated antigen gene family, GA733

{oligenucleotide/intront

gene /exon shuffling /monocional antibody)

ALBAN J. LINNENBACH”, JACEK WOICIEROWSKIT, SHUANG WU, Janiva J. Pyrct, ALonzo H. Ross$,
BERMNARD DIETZSCHOLD, DAVID SPEICHER, AND HILARY KOPROWSKI

The Wistar Institute of Anatomy and Biclpgy, 3601 8prucs Street, Philadelphia, PA 19104

Cantributed by Hilary Koprowski, September 19, 1988

ABSTRACT The monocional sntibody-deflived, tumor-
associated antigen GA733 was purified from the 8W948 human
coforectal carcinoma cell line and its partial amino acid
seguence was determined. By using a synthetic ofigonuciestide
probe, (we recombinants were isolated from a total human
genomic Bbrary. We prove the existence of a family of GAT33
genes. One of the genomic isolates is demonstrated to be an
intreniess gene, which is transcribed in pancreatic carcinoms
cell bines and in placenta. The GA733 proteins were observed
i contain seguences homologous to a repeat unit eccurring 18
times in thyrogicbulin and once in the HLA-DR-associated
invariant chain. A more cvolutionarily distant relationship was
found with the o chain of the interleukin 2 grewth factor
recepior.

Monocional antibodies {(mAbs) CO17-1A and the related
GAT33 (1) have been extensively evaluated for the diagnosis
and therapy of human gastrointestinal tumors. These mAbs
were derived from the immunization of mice with a human
colorectal adenocarcinoma cell line and a stomach adeno-
carcinoma cell line, respectively. CO17-A and GA733 mAbs
bind to tumnors of the gastrointestinal tract and also bind in
varying degrees to normal epithelial tissues. GAT33, unlike
CQO17-1A, has an extended specificity fo carcinomas of other
origins, such as the cervix, bladder, and lung (1). These
independently derived mAbs immunoprecipitate a 40-kDa
celi-sarfs Wysoprotein and cross-iniibil each vther’s bind-
ing fo antigen purified b GA733 m f\b«aﬂm;sy ci’tu}maﬁogm«
phy (2). The two :z««%ba manifest sequsacs identities in gy
heavy chain CURY regions These findings indicate that
the mAbs may bind to pamally overldppmg epitopes on the
same antigen or, alternatively, the mAbs may recognize
cross-reacting epitopes present on related aatigens.

Both CO17-14 and GA733 mAbs have been shown fo
inhibit the growth of tumor xenografts in nude mice {4, 5},
pointing out the poiential suitability of these mAbs for the
therapy of human tumors. When human subjects with gas-
trointestinal adenocarcinoma were inoculated with maAb
CO17-1A (Abl), many of the patients prodoced anti-idiotype
antibody {Ab2) that reacted with the binding site of the Abl
(6, 7). In theory, the administcation of internal image Ab2
alone may effect an antitumor response.

By using experimental animals, the 3A733 mAb {(Abl) has
been used to obtain an Ab2 bearing the internal image of the
GA733 tumor antigen; this Ab2 could elicit in two other
species of animals an Ab3 that had Abl-like binding speci-
ficity to purified tumor antigen (8}. It has been shown in other
systems that the immune response to antigen can be aug-
mented by injection with antibodies to idiotype before ex-
posure to antigen (8). Since purified GA733 antigen is not

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked “‘advertisement”
in accordance with 18 U.8.C. §1734 solely to indicate this fact.
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available in adequate guantities for immunization, having a
raolecular clone for the corresponding gene would be desir-
able, in that guantities of recombinant protein could then be
generated. Recombinant immunogen would then be used for
the development of protocols for the production of Ab3 in
laboratory amimals. Ultimately, the treatment of human
wmors with 2 combined Ab2/recombinant tumor-associated
antigen regimen ceuld be realized.

In the present study, we determine the partial amine acid
sequence of the GAT33 antigen expressed in a colorectal
carcinoma cell line and isolate a GA733-related gene that is
expressed in pancreatic carcinoma cell lines. il

MATERIALS AND METHODS

Purification and Sequencing of GAT33 Antigen. The GATI3
antigen was isolated by immunoaffinity chromatography
from detergent extracts of SW9348 tumors propagated in nude
mice as described {2) except that the detergent was omitted
from the basic buffer used to elute the antigen from the
GAT733 antibody column. The fractions judged by electro-
phoretic transfer (Western) blotting to contain GA733 antigen
were pooled, dialyzed against (.05 M NHHCO,, and lyopb-
ilized. The protein was reduced, alkylated, and desalted using
L.H-26-Sephadex (1.4 ¥ 5.5 cm) equilibrated with 88% formic
acid/ethanol/water (20:50:30) (10}, This material was judged
to be pure by NaDodSQO,/PAGE and silver staining. Forty-
kilodalton and 30-kida species were observed, the latter
probably representing a proteolytic breakdown product of
the 40-kDa antigen.

Several amino-terminal sequence runs were perfornmed
(100560 pmol of carboxymethylated 30-kDa GAT33) on a
gas-phase sequencer {Applied Biosystems) with on-line
phenylihichydantoin. Standard programs and reagenis were
used, except the reverse-phase column for phenylthiohydan-
toin amino acid analysis was a S-um, 2.1 x 250 mm,
LC-18-DB column (Supelco, Bellefonte, PA).

Human Genomic Library Screening. The amino-terminal 18
residues of the 30-kDa fragment were used for the design of
a 54-base oligonucleotide probe, based on preferred codon
usage in humans (11). The DNA probe had 3 70% G + C
content and included a 10-base palindromic structure. The
oligomer §'-GTCOGGGTCGTACAGGCCGTCOITGTTC-
TGCAGGHGCGCCCTCGGGCTTGGCCCT-3" was synthe-

Abbreviations: PAMs, point accepted mutations; mab, moenocional

antibody; 1L-2, interleukin 2.
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Fea. 3. Sequence comparison of the two (GA733 proteins. Lowercase letters indicate provisional assignments; position 41 is undeternmined
{x). Sequence identities {(hoxkes) and chemically conserved substitutions are tilustrated (x).

raSTE (15) to search release 15.0 of the NBRF protein
database. Sequences with the highest score were further
evaluated with the program s£16n, using the routation data
matrix [250 point accepted mutations {(PAMs)] (16). Unless
otherwise indicated, the pairwise alignments were done using
3 gap penalty of 20. Alignment scores are expressed as
standard deviation (SD) uniis above the mean score of 100
random runs. A score between 3 and 8 {s indicative of a
possible relationship; scores >8 are considered highly sig-
nificant.

RNA Preparation and Hybridization Analysis. Cytoplasmic
poly(A)' mRNA was purified as described (17) from the
human colorectal carcinoma cell lines SW948 and SW707 and
from the pancreatic carcinoma cefl lines BXPC-3 and Capan-
2 (ATCC). mRNAs were denatured and electrophoresed by
the method of Lehrach (18), tramsferred to nitrocellufose
filters, and hybridized to a gel-purified (12}, nick-transiated
0.85-kbp Pst I genomic fragmeat derived from GA733-1,

RESULTS

The sequence of the amino-terminal 45 residues of the 30-kDa
fragment of GA733 was established. The oligonucleotide
probe identified two different recombinants from the human
total genomic library, as determined by restriction enzyme
analysis and by intensity of hybridization signals. Here we
analyze in detail the sequence of the initial genomic isolate,
(35516, and designate this gene (3A733-1; the antigen isolated
from the SW94Z cell line will be referred to as GA733-2

Identification of a GA733-Related Geome. To target the initial
DMNA sequence characterization, 05516 DNA (Fig. la) was
analyzed by Southern blotting asd found fo contain a 0.85-
kbp Psz 1 restriction fragment that hybridized to the oligo-
mucleotide probe (Fig. 1b). Analysis with the program BEST-
T {19) indicated that the oligomer hybridized with the Pst 1
fragment at 35 (65%) of 54 positions, with a disiribution of
base pairing indicative of a related sequence (Fig. Za).

An extended DNA sequence analysis of flanking restric-
tion fragments (Fig. 15} identified a (G + C)-rich promoter
region, including three GGGCGE bexanucleotides (Fig. 2a).
In the context of a decanucieotide, one GC box is identical to
that of the simian virus 40 GC box IV, which has been
characterized as a medium affinity site for the traanscription
factor Sp-1 (20), although direct cxperiments have not been
casried out to determine if the GA733-1 promoter is in fact
Sp-1 responsive, The promoter also has an atypical CAAT
box (21) and a canonical TATA box.

A& 323-amino acid protein is predicted with a molecuiar
mass of 35,710 Da, which is consistent with it being a member
of a family of 40-kDa glycoproteins. The probable relation-

ship between the 40-kDa and 3¢-kDa forms of GAT33-2 that
were observed during the antigen purification may be ex-
plained by the finding that the amino-terminal 45 residues of
the 30-kDa form of GA733-2 correspond to GA733-1 se-
quences located 90 residues from the proposed amino termi-
nus. The 40-kDa form probably containg the amino terminus
and during isolation, the amino-terminal 90 residues (=10
kDa} are cleaved, giving rise to the 30-kDa breakdown
product. This interpretation is consistent with the finding of
40 kDa being blocked, whereas 30 kDa was not.

A Kyte~-Doolittle plot (22) of the predicted protein suggests
the features of amp integral membrane protein (Fig. 280). A
classic signal sequence (23} is predicted with charged resi-
dues in the precore sequence, a 13-residue hydrophebic core,
and a postcore region containing amino acids with emall,
uncharged side chains as candidate signal peptidase cleavage
sttes (Fig. 2a). Assummg, that the signai peptidase recogaition
site is T-A-A J, where cleavage { | } would be located after
the fourth amino acid following the core sequence, a 244-
amino acid extracellular domain is predicted. A clustering of
12 cysteine residues and 4 potential N-linked glycosylation
sites are present in the extracellular domain, A single 23-
residue transmembrane domain is followed by a 26-residue
cytoplasmic domain, 9 of which are positively charged.

cDNA clones 1.8 kbp in length have been isolated; these
clones are probably full-length, as their length correlated with
the resuits of Northern biot experiments (see below), Based
on resiriction analysis (Fig. 1¢) and preliminary DNA se-
guence {(S.W., K. Huebner, J.J.P.,, HK., and AJ.L., un-
published datz), it has been determined that GA733-1 is an
introniess gene. The 5' end residue of the full-length ¢cDNA
corresponds 1o a position in the genc sequence thatis 53 bases
from the TATA box (Fig. 2a), although the actual RNA start
site has not been ascertained by a primer-extension experi-
ment. The 3’ end of the ¢DNA is 13 residues after one of two
possibie poly(A) signals,

Examination of the DNA sequence presented in Fig. 2a
using the program REPEAT (19) detected several 8-base direct
repeats. One in partcular—TCCCAGAC—occurs directly
before the probable RNA start site and again in the 3’
untransiated region before the poly{A) addition site.

Homology of the Two GAT33 Proteins. The region of 05516
flanking the site of hybridization was evaluated by comparing
the open reading frame defined by the oligonucleotide with
extended amino acid sequence data derived from native
protein. The GA733-1 amino acid sequence was shown to be
identical {o that of native GA733 antigen sequence at 19 of the
first 30 positions, with conserved substitutions occurring at 3
other positions {Fig. 3). In addition, a rare C-W-C amino acid
sequence at positions 36-38 of the native protein is alsc

GA733-2

cazza-t y ofele 1w x ofT]v s {; EBLQV

THY-RO-& P T K} B‘v’ERFAAJ EPPSC

THY.HI-4 ® T K F_‘,'liiiimAI“ siF 5 H ERpec
Fic. 4. Homology of thyroglobulin and the two GAT33 proteins. GA733 sequences are aligned with the fourth type I repeat unit of bovine

and human thyroglobulins {THY-BO-4; THY-HU-4), respectively. Only identities (boxes) and chemically conserved substitutions (%) between
GA733 and tbyrogiebulm scquences are shown. Vertical bars indicate 27 of the 24-residue overlap detected by FasTe. The gapped version was
senerated by the comparison of GAT33-1 sequences with those encoded by cxon 8 of the human thyroglobulin gene using tbe program ALIGN;

the other sequences were aligned manually.
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That GA733-1 is a functional intronless gene is rather
uncomuon, In contrasi, inactive retropseudogenes are @
relntively fraquent oecirmence. Alhough ny svitdenes for'the
rummm G pabelAl tadl ware »;»bsuwd i thy genonis
segesnse, 2 flanking diect repeat wes ;\wased Thus,
Feirntr mmm;(\n 307 &y & poesibls oschanism for the gene
suphication iy s faodly, with truncation popurring i the ¥
untranslated seguence of the prscursar COMAL Thistan be
aval\mtsd more definitively when the organization of the
genayforthe other mrambers of am Tami s determinegd.
phtnamenen af gxor i By probably
playeda rotein the svobhiion of t%st, GAYT g nas; wgpartions
of these gen
ghvrogiobidie, The
e gons d{‘piii?‘ii{\\n TV m{w

fing event st havs proveded
sikin the GATIS gone Sy,

After The soguigition of ssquences encoding the &l-andue

seiid domain, sectional Syants mny have shnusd, resulting in
the segmentation of the domain into thred pavts. Although
statisticatly sxgmsi‘l»*zi)t the Tonetional wxs,ﬂmmt;ce of this
relationship is unknown, as the fusction of the type 1 repeats
inthe thyroglebulin mnkeuk m m)i um}e,wmmi _A wmp&sv
ative amiv s:é thg pr ‘

gcncs %uggsais Ehd‘t 1\w0 eXon shufﬂmg events hzw& occm‘re d.
The GAT33 sequences with homology to the IL-2 receplor
oy erhp with those that are related to thvrogiotadin, Altbaugh
exon 2 of the IL-2 receptor and axun f of thyroglobulin hoth
derive from ancestral 60-amino acid repeating units (24, 323,
no statistically significant relationship could be demonstrated
between thers. A possible relationship between these two
ancestral poits is recognizable only in the context of thewr
relationship to GA733 sequences and may be limited to a
structaral it ;)s\'sent within the two ancestral units.
Th-hoowtogy of GAT33-1 ko the EI -2 receptor is intrigu-
ing, in that it solngides with exon 2 ot the 102 recaptor,
which sarodes veghences invalved in growih factor bimling
{33). Although conclusions cannot be “drawn as to the bio-
logical significance of this sequence relationship, it raises the

possibitiity that the GAaTH tape -jsdoniated attigen geng

famithy nidy fuscton ag growih facior receplors, perhaps
binding growth fcles reldted in sirgciure to IL-2. This
seems platsible (o Hghtof the finding that the iman genome
coptains spquences homoluguuy to the gene for Wal (34).

The isclation of other members of the GA733 gene family
will aflow a determination of their tissue specificity and their
binding résntivities to a gréup of relaied 818308, The gener-
ation of additionad mAbs of difforent specificities will also be
possible, The avadability of recondiinant protsty or of s¥n-
thistic gmg}ttﬁg for B- and Tl epiopes will prvide
fnesusagen far posuibly therapsutic applications. The st
edness of GAT33-1 to the gastrointestinal-associated antigen
(GA733-2 and the observed expression of the GAT733-1 antigen
in panoreatic carcimoma cell ines fdontifing this gene proddust
as a potentivd target for immunotherspentic approachey to
this cancer.
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of the Wistar Instiate DNA Synthesis Facility. This work was
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Human trophoblast cell-surface antigens defined by

monocional antibodies

{choriscarcinoma,/fetal cells/Fhuorescence-activated cell-sorter)

Marc Lipinskr™, Davin R Fanks, ROEERT V. ROUSE, AND LEONARD A, HERZENBEAG

Uepartments of Genetics and Fathology, Stanford University School of Medicine, Stanford, California 84305

ommunicated by L. L. Cavalli-3forza, April 17, 1881

ABSTRACT A series of monoclonal antibodies has been raised
against the human choriscarcinoma cell-line, BeWo. Four anti-
gens, Trop-1, -2, -3, and -4, are defined on normal and malignant
trophoblast cells. Trop-1 and Trop-2 appear to be specifically ex-
pressed on syncytio- and eytotrophohlasts, whereas Trop-3 and
Trop-4 are also detected on varicus tumor coll lines, normal lym-
phocyles, and menocytes. Anti-Trop-1 and anti-Trep-2 antibodies
might prove useful for detection and isolation of fetal trophoblast
cells circulating in pregnant women’s blood and for diagnosis and
therapy in patients-having choriscarcinomas and other germ-cell
neoplasms,

The trophoblast is a fetal-derived tissue located at the interfce
between the fetus and the maternal circudation. It develops from
the inner layer of young pm‘iferative celis, ealled cytotro-
pheblasts, fromswhich evigiustes the outer layex of syneytiotrophe
blists thet are y divset sbitact with the maternal circulation.
Trophoblast cells sometimes give rise to tumors called
choriocarcinomas.

The passage of fetal nucleated cells into the mother has been
documented, such cells having been detected in maternal blood
saxaples either directly (}) or after enrichment with 3 fluores-
cence-activated cell sorter (FACS) (2, 3). The histological type
of these cells, however, has not been determined, and it is nut
known whether they form a homogenous population. The pros-
imity of trophoblast eells to ma‘herw blood makes thern good
candidates fer at least some of the fetal cells found in maternal
circulation and, indeed, syncytiotrophoblast cells have been
observed in maternal langs (4). Much smaller cytotrophoblast
cells might not be trapped in the lung capillary network and
would continue to cirenlate. Specific antibodies to trophoblasts
could be used to identify FAUS-sorted cells or as fluorescent
reagents to label them so they can be separated with the FACS.
Xenogeneic antisera have been raised to human trophoblast
cells (5}, but using these for isolating rare trophoblasts from
raaternal blood cells is greatly hampered by their evident com-
plexity, which reguires that they be extensively absorbed.

The emergence of hyhridema techoology, which overcomes
the technical limitations of conventional serclogy (8), has per-
mitted us to raise monoclonal antibedies to human trophoblast
cells. This communication deals with the generation and char-
acterization of a series of such monoclenal antibedies to varicus
antigens expressed on normal and malignant trophoblast cells.
Four new antigens, named Trop-1, Trop-2, Trop-3, and Trop-
4,-are defined with these antibadies.

MATERIALS AND METHODS

Cell Culture. The BeWo, JEG, Reid, and JAR choriocarci-
noma cell lines were obtained from Howard Sussman of Stau-

ford Um‘mraity and fmm jam\ € ("h(m of the \htxuna. Ir:.\ilf\lif‘ﬁ

i serus wr“m«; buv itﬁ xugapk‘A
% Final eonventration sl plota-
mes warevhtaized fow
ity st o as nomhwre

mﬁ‘.nmd with NQH(:@ .
it The TS0 and M
Freaples Willass, Standy

A ghitarains-supbler ; 1540 ovide Scisniific
15% u&“bsm caif sernm, TR rant cally were xmgmmi ’i :

5 i"-gmzx,f ERTa 3\‘“ BE All the vther ool Bines

] fesre grown in suspension in RPMI

FOH,

P\'mii:mma of \ims)dssmai Antibudies. Two BALE/cN fe-

male avies were fiiuntzed and bodstad 3 weel\a 1a e with 10"
<~e§¥s ui hr\ }5;'\\‘» @ dzw incarcinoma mil Iimz

Bt

voul 1RO HOH
usiog; é >< W ealle B
: indof iv pnmmhmn;’ siinoptering

r':mu §
Chemivals, mnie, 1:3;&,
wed] were fncabated dn B8
thymidine.

Tnitial Screening of Hybrid Production axd Clowing. On the
1ith day after. the fusion, all 150 cultirss showed growth. Cul-
ture supernates.were harvested and screened for antibodies to
the inunandziog BeWe el e by using « yadicimrssenassan
2RI BeWa edlls weere {)thr‘ﬂ i wells of suicxotiter plat
<(¢mt&r‘ Rivgsionnt Date Packeging, Curabridee - MAY and
Joveed toadhere tothe phusti pveraight, wid then washad with
radivimmunocassay buffer. The cells were incubated for 1 hr
with 28 4l of supernate and then washed three times. Anti-
BeWo dnnibisdies ware {%e,a'teznmc% by addingefor hr, 30:0800pm
of an Pdabeled gost anti-monse mmesoglobulin antigernm

absorbed on a human immunsgbbhhn immunosorbent. Incu-
bations were at-room temperature. After three mnre washes,
the cells were lysad in the presaside’of 1% Nonidet D. The lyu
sates were harvesbed with a coften tip swab and assa :'>d ina
gamma seintillation connter {(Micromedic Systerms, Division of
Rohm and Haas, Phitadelphia, PA}. Individual viable cells from
fasitve mﬂ% UrER ai mttm\st Wi‘tt‘ c!ér«i*. i}» depositerd inty i
: sport (83, the
s (med to- \('«xt mti shsir
¢ of finorespent mi wo;phes c3 wwﬂeci with antigen. In
ent case, however, the cells wawe selected on ih{t basis
of viability only. Grov ‘ing clones were tosted 1 week later for
praduetivn of the ¢ wsaru{ mogpealvasl wtibely. Moncrlonal
sy were determined 3‘:\' reastion with monseal-
lotype- spemhcl labeled monomonal antibodies ). Clones 169-
21.2, 162253, and 162-28.2 are 1gG2a (Igh-Ta @istype), and
clones 162-43.4 and 182- 40 2 are IgGl (Evh da al} rm‘pd (10,

T
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‘priblicatico st of this asti
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wirre defiayadin pirtdy
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st raccerdanee with 3§ UL 8

arafore be herehy ke s
.G 81734 solely to indicate this fact,
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%bbff‘"lalmu FAC §, flunrescence-activated cell sorter.
* Present sddress: Laboratoire 4'Im munlogie ue, Institut Gus-
tave~Konsay, B4800 Villejuit, France,
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Table 1. Distributicn of Trop antigens on normal and
tumor cells

Trop-2 ‘ Trop-4
182-25.8 162-28.2
Trop-1 and Trop-3 and
Target ceil 162-21.2 162482 182-10.2 162-43.4

Choriosareinoma

BeWan + + +

JIEG + + + +

Reid + ND ND

JAR - - ND ND
Fibresarcoma

(HTI080C) +
Cervix cavcinoma

(HeLla 83) - +
Colén carcinoma

HTi8 ~ ND ND

Hras - ND ND
Melanoma

{Shroet) -~ NB NI
Neuroblasiorna

(TGB) NE ND
Eryvthroleukemia

{(K.562) + = + +
Lympheid

Hamos (B iymphoma) + +

Mol-4 (T - - + +
Normal bloed

Lymphocytes - - -

Monocytes + +

Platelets - o -~

Erythrocytes -

The reactivity of anti-Trop monoclonal antibodies was tested against
varicus target cells by indirect immunofiuorescence and FACS anal-

sis {or by radicimmune binding assay). Target cells were incubated
£ 50 wd of ani.ahﬁ(i} N&t«umrg?\rb“i&anm supiinaly, and the re

astion was revested by ingubative with 2 flunresceiuated for T -dax
beled) anti-mouse imununoglobulin. Intensity of fluorescence (or ya-
icactivity) beund per target cell was compared with backgreund flu-
orescence (or radicactivily) obtained from farget cells incubated with
anti-mouse tmmunegiohbulin only. Results were sceved as positive
(+} or negative {—). NI}, not done.
* Two gubsets with diffevent antigen densities.

Indirect Immunoflasrescent Staining. Target cells (2 » 10°)
obtained from cultured cell lines or mononudlear cells from
Ficoll-Paque {Pharmacia) preparations of human peripheral

blood samples were incubated for 43 min on ice in 100 gl of

RPMI 1640 containing 50 ul of hybridoma snpernate. After two
washes, the cells were incubated in the presence of a saturating
amount of a flooresesin-coupled goeat anti-mouse immunoglob-
ulin antiserum absorbed on human immunoglebulins. The cells
were washed bwice, resuspended, and immediately analyzed
on a FACS.
Blocking Studies. For investigating the gm)x‘imitv or identity
of two antigenic determinanis recognized by two monoolonal
antibodies of distinct isotypes, the target cells were incubated
first with 50 ] of one monoclonal :mh?)oeiv for 30 xain aad then
with 50 wl of the second monoclonal antibody for another 30
min., After washing; the reaction of the latter with the target
antigen was detected with a fluorescent geat anti-mouse IgGla
or {glil specific {or the second monoclonal antibody used,
Enzymic Treatments, For studies of the enzyme sensitivity
of the antigenic determinants recognized by the monoclonal
antibodies, & % 10° target cells were incubated in REMI 1640
at 37°C in the presence of various enzymes {(see Hesults) and
then washed-and processed for indirect immuooflucrescent
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Fio, L. Immunsfiuorescence staining of peripheral blood lympho.
cytes. Tavget cells were incubaled for 30 min with 50 ul of medium
{~--~}, hybridoma supevnate containing anti-Trop-3 182-10.2 (), ar
anti-Trop-d4 162-28.2 {-rr) ) antibodies. ThHe reaction was revealed hy
a fluoresceinated goat anti-mouse immunoglobulin antiseram and
analyzed on & FACE. Fluorescence units are arbitrary and given on a
logarithmic (base 10} scals.

staining. Enzyroes used were Pronase and neuraminidase {Cal-
biochem/ Behring), trvpsin and thyx*x()tr‘ypaiu {Worthing-
ton), and a mixture of 17 glycosidases (from Turbo cornuius,
Miles).

FACS Analysis. Cells were analyzed as described (11) with
a modified FACS-1I {Becton Dickinson FACS Systems, Sun-
nyvale, CA) fitted with a logarithwie araplifier (12

Tissue Section Immunsperexidase Staining, Portions of pla-
centas were obtained from early abortions carried out for rea-

Tabie 2. Blocking studies with anti-Trop monoclonal antibedies |

Mean
Blocking Staining fluorescence
antibody antibody intensity Blocking
Experiment 1
— 7%
- 1.7t
162-46.2 2.1*
162-26.3- 162-48.2 1B¥ Yes
162-21.2 162-46.2% 2.1% No
e 182-28.3 2.7
162:48.2 162-25.3. 2.0% Yes.
Experiment 3
~~~~~ 162-21.2 .27
162- 46 2 182.21.% 3.z No
p— — 1.56%
— 1.3t
o 162288 - 341
162-43 .4 162-28.2 3.21 Yes
e 162-43 4 2.8% )
162-28.2 182-43 4 14 Yes

with 58 ,Lu xs hybridamast
5

* Stmned with ﬂuofescemated anti-v.
¥ Stained with fluoresceinated anti-yy,.
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Placenta section immunoperoxidase staining, Formalin-fixed paraffin-embedded sections of 3 10-week placenta were stained with anti-

Trop-3 {a}, anti-Trop-2 (b) and 11-4.1 {conirol) (¢) antibodies and then incubsted with a peroxidase-gouplsd anti-mouse immunocglebulin. Both ey-
totrophoblast (CT) and syncytictrophoblast (8T) stain positively with anii-) Prap-1 and. anti-Teop-2 sntihoding,

sous dndepeiident o this seedy Novnas] Bser, bidney, splanyy
thyrauy, sad roplonodes were dhtaided from portions of s
gleal spesimensy oot veguinad o prehologic sxamibetiven, Tiasas
was fiuzen, cut, and staixed as described {13) exnept that the
last stage applied was perasidase-conpled rabbit wti-mouse im-
munoglobulin (Daks, distributed by Accurate Chemical and
Scientific, Hicksville, NY}, which was followed by diamino-
benzidine (Sigma) at 1 mg/xlio phosphate-buffered saline with
10 wl of 38% HyO, per ml. After a 2- min incubation, the slides
were washed, incubated with 0.5% Cu30, in isotonic saline for
5 min, washed, dehydrated, and moeuvnted in Permabond. For-
malin-{ixed paraffin-embedded placenta was stained in the
same way. Undiluted hybridoma culture supernates were used
for this staining.

RESULTS

We examined the cellular reactivity of six distinct anti-BeWo
monoclonal antibodies by indirect immunofiuorescence stain-
g and FAGS anabesis usingaserios of buman tumor il byro-
phoid cell Irexand normal peripheral bleod mononuclswe cells
{Table 1}. Three antibodies, 162-10.2, 162-28.2, and 162-43.4,
stained all cell lines tested, as well as blood ymphocytes and
monocytes. However, these antibodies detect two different an-
Hgens: distinet pavipheral blegd lymphooyte FACS staining
gcfifes were-obtarand with 163-10.2 on the ons hand and with
162-28.2 and 162-43.4 ou the other hand (Fig. 1). The FACS
staining profiles on all cells tested with 162-28.2 and 162-43.4
were similar. As each antibudy alse blocked the staining of the
‘tegat with the other (Table 2}, both antibodiss probably ssact
witl the same or proximal determinants of the same antigénic
molecule, Thivantig, called Tropd. does not disthuguish ym-
phocyte subpopadativus. Focantrast, Tropd, datacted by 162-
BER s prevent on sbout hall of the lemphieytes with aieos
siderably highee deasity thie ob the ather hall (Fig. T

They othee thres nonostons] stibodiss spperto be traph-
ablasbapeetfiy (Tuble 1
fanwted Trop-1: 162 : seteith sy
antigen rafevesd 1o 85 Trop-2. They crasibikock canh other but
doonot Blotk the stining of Toge1 with 182208 Takle 2.
Trop-1ispresent ou sH four chorooarninnms el linevand wso,
at 2 much lower density, on the fibrosarcoma and the X562 cell
lines. It is absent from normal blood cells and varicus other tu-
vl Bues (Table 1. Thewgpression of Traps? i festrivted
t theae of the four shorioosestanen cell lines {Table 1, 1t conld
natbe detected vrany of the sther normal or bemercalls fested,

&

Sections of placenta were stained with all six monoclenal an-
tihodies and with 11-4. 1, a mowss panmsoglobulin (of 2a sub-
class) that dogs not react with husoan tissses as a.control, All
four Trop antigens were detectable on both frozen and fixed
pasnifircambedded sonttons. g 2 dlsteatos stening with
antiFropsLand vett-Trop-Bantihodies. Study of freven sectivay
afnorimsd gduleBver k spleern, thymas, and honsh nodes
with anti-Trop- b assd anti-Teop- 2antiboddies did not producsany
dateotad i

We v fpitateany I-labeded protein
from lwetaperosidese-labeled chovicoarcinorna eslle or cell
mrpubranas. Howsver, the Troged setigin could be precipis
tated with the 182302 antibedy Bont Mabeled ynipherad
blond bemphoeytes. NalDedSO/ polvenivaide gol alentro.
phiurosis dnalviis dvdient

3

2 mléﬁ_}iﬁ o immunoprew

o5 that Trop-% consiste of'w stngle chain
prototaof 3 s 2000000 (data not shown), A ndiestion that
the other thres Trop antigens s wlse soostated with grote;
wap-nbiained by protesse aad ghooddass Beatment of wl
bearing these antigens. Results shown in Table 3 indicate that
the stabaiar By Tiop-]l wnd Teop-3 sibigets was vietnally sl
rogetedd, while the stataing for Trop: § preatly
decroased, alterdnoubating 2.3 10%cells for 2 he withe 500 pop
af Fransse. Treatment of the colly with 500 g ety dragt
feilly dedreidad thie stabiing for Troped. Trop-2, aod Tropd,
whersss Trap HE alfoctad, The ataintog ke'all four
setigens vy partiadly decraased wftey troatranat with 500 g of
seihymotiviain. No decreass’in staining was ohinined by pre-
treating the. cells with bevoainidade v« micturg of 17 e
cosidases {data nat showan),

Table 3. Percentage decrease of staining after treatment of
target cells with proteases

Treatment
Antigen a-Chymotrypsin Trypsin Pronase
Trop-1 38 81 99
Trop-2 42 86 a1
Trop-3 41 81 100
Trop-4 48 7 90

Ti'ged dulls worv dnenkated for & he with 500 g of enerme an
reaction wasstopped by washing the celle with sexim bord Sining e
i, Cedls wre then divided into afigents g sistied with sntiiTrop
suibodizs, aod the resciien wey reveaivd By inevbetion with & fiw
trpostnated goal sati-mousy fenenoginhnlin assserin wad. b
Joectad fo FACS sualvsis
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DISCUSSION

‘{h)!’*{\b(l thie i\“‘f‘h“ aoof monvelenal sutibodies
phecticcfrapthioblast eolb s BeWe,
e anticens, sallad Trap-d, Tropd, Trop
have bessdefmed witly sivofithess antihodies
¢ of novost and matignwat tropbablisf valls,
'I.‘wa maincell distibntion patteras have been dhser sl by b
ing the read sty of tns sosiockinitl antihodies e
of I coll Hoes and p ripherad bood cells, Th
e Trap<k and Trop-2 sntigens sppeared fo
strivted to velly of tm;ﬁwivfaﬂ wriglh aw they
nes s tmp}m it L‘&H\ Ami chavinmavinom,witl the
< fib cEi Hne }{23\0&%2& aul the
it\.a;h@mmé«% Yt Joeio oo
1. Conversely, umnchmsf ovmismhe; to Imp»*
Higens siepleiped @ wide naogeal ity
eithvneions sulid temer and ivmpizi» .
sl nucheated peripherst blaod cells, Inter
; $ rarensaat o sk Yens 3 shosved f.)!‘s,it A })P!i}fﬂ ikQP*
homogennusty distiboted, Trop-3 oo Hir gontvaey was
peripheral bload 1 xapimcvkm anid
tes; about vne-hall of the: total tvmphocyie md mont:
¢ higher atitigon density
intnale) Gian theother iui

Pyie
A

*p(ﬁx tod stodies with senogensin antiirophi

blest antivers, tvgﬁmbhst surface antigons ware Baba
Fy DRI BTORDS | f arouts (AL nafusded antigens
present dn trophivhla ‘md seras tushor cell lines: e secend
-g*’(mg} {Ti‘? schidod antigens By eapressed on normd zed
ii is chﬁn,uii t wmmw rnwmrim)\i atibiondion

plagity c»i t?}vi at-

i tma& mtxha&w . overe. el wo! tiw mt: lmywj ‘ami
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i»;m\"hnpvwmd 3‘3\);3-& were wmpv. shively
st el Teope X chowad aiy ind u.n%dmm sens
A protein consisting of a singlechain of & -
cipitated from peripheral 1 Hlped Ty mphw\‘tw sa';“ﬁ anti-Trop-3
antibodies.

Th:\ §=¢swzct;<m tke" 3 ;m%wesas uliaﬁ & t?w Q\&ifaic‘@

trophoblast
m‘d\. it i i’;f)‘l‘t&
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Engineered antibody-drug conjugates with
defined sites and stoichiometries of

drug attachment
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The chimeric anti-CE38 IgG,, cACIS, conjugated to eight
equivalents of monomethyl auristatin £ (MMAE) was pre-
viously shown to have potent antitumor activity against
CD30-expressing tumors xenografts in mice. Moreover, the
therapeutic index was increased by lowering the stoichio-
metry from 8 drugs/antibody down to 2 or 4, Limitations of
such ‘partiaily-toaded’ conjugates are low yield (18-38%)
as they are purified from mixtures with variable
stoichiometry (3-8 drugs/antibody), and heterogeneity as
the 2 or 4 drugs are distributed over eight possible cysteine
conjugation sites. Here, the solvent-accessible cysteines that
form the interchain disulfide bonds in ¢cACI0 were replaced
with serine, to reduce the eight potential conjugation sites
down te 4 or 2. These Cys—Ser antibody varianis were
conjugated to MMAE in near guantitative yield (89-96%)
with defined stoichiomeiries (2 or 4 drugs/antibody) and
sites of drug attachment. The engineered antibody-drug
conjugates have comparable antigen-binding affinities and
in vitro cytoloxic activities with corresponding purified
parental antibody-drug conjugates. Additionally, the
engineered and parental antibody-drug conjugates have
similar in vive properties including antihanor activity,
pharmacokinetics and maximum tolerated dose. Qur strat-
egy for generating antibody-drug conjugaies with defined
sites and sioichiometries of drug loading is potentiaily
broadiy applicable to other antibodies as i involves engin-
eering of constant domains.

Keywards: auristarin/CD30/conjugate/engineered antibody

introduction

Antibody conjugation to potent cytotoxic drugs is a promising
way to enhance the antittror activity of antibodies and reduce
the systemic toxicity of drugs, as evidenced by numerous
examples of preclinical efficacy and at least six antibody—drug
copjugates currently in clinical development (Lambert, 2003;
Wu and Senter, 2005). Clinical demonstration of the antibody—
drug conjugate concept is provided by the approval of gemtu-
zumab ozogamicin (Mylotarg) for the treatment of acute
myeloid leukemia (Bross er al., 2001). Gemtuzumab ozo-
gamicin is a humanized amti-CD33 IgGy comjugated to

© The Author 2006. Published by Oxford University Pres
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calicheamicin, a highly cytotoxic patural product that
induces double-stranded DINA cleavages (Hamann ef al.,
2002a,b). Other drugs that have been commonly conjugated
to antibodies include auristating and maytansinoids, which
potently imhibit tubulia polymerizaton (Lambert, 2005, Wu
and Senter, 2005).

Many different antibodies conjugated to auristatins have
robust antiturcor activity in mouse tumor xenograft studies
including ones that target: CD30 (Doronina er al., 2003;
Francisco et al., 2003), sialvi Lewis” (Doronina ef al., 2003),
E selectin (Bhaskar er ¢l 2003), CD20 (Law et al., 2004),
EphB2 (Mao ef al., 2004), TMEFF2 (Afar er al., 2004) and
CD70 (Law et al., 2006). For exarple, the chimeric anti-CD30
1gGy, cACHD (Wabl er al., 2002), was conjugated via its eight
solvent-accessible cysteine residues to monomethyl auristatin
E (MMAE) 10 near quantitative yield (Doronina ef al., 2003).
This homogeneous conjugate with 8 drugs/antibody was highly
efficacious in SCID mouse xenograft models of anaplastic
farge cell tymphora and Hodgkin’s disease with a therapeutic
index (curative dose/maximum tolerated dose) of 30-60
(Doronina e af., 2003; Francisco ef al., 2003). A further 2-
to 3-fold improvernent in therapeutic index was achieved by
reducing the drug stoichiometry from 8 drugs/antibody down
to 2 or 4 drugs/antibody (Hamblett ef al.. 2004). A potential
drawback of such ‘partially-loaded’ conjugates is heterogene-
ity in the stoichiometries and sites of drug attachment. For
example, a conjugate with a mean stoichiometry of 4 drugs/
agptibody is a mixture with 0, 2, 4, 6 or 8 drugs/antibody
(Hamblett ef al., 2004; Sun er al., 20035). Conjugates with
uniform stoichiometry of 2 or 4 drugs/antibody were obtained
by purification of corresponding mixtures, atheit with sub-
stantial reduction in yield and remaining heterogeneity as the
2 or 4 drugs were distributed over eight possible conjugation
sites.

Here, we have generated antibody—drug conjugates with
defined sites and stoichiometries of drug loading as a possible
way to enhance the clinical potential of this class of antibody
therapeutics. The solvent-accessible cysteine residues in the
aatibody cACI0 were replaced with a homologous residue,
serine, to generate variants with either two or four remaining
accessible cysteines. The Cys— Ser variants were then used to
generate homogeneous and precisely defined antibody-drug
conjugates that were then compared extensively in virro and
in vivo with more heterogeneous antibody—drug conjugates
derived from prior methods (Haroblett er af., 2004; Sun
et al., 2003).

Materials and methods

Cells and reagents

The anaplastic large cell lyvmpboma lne, Karpas-299
(CD30 positive), and the non-Hodgkin’s lymphoma cell
line, WSU {(CD330-negative), were obtained frorn the Deutsche

. All rights reserved. 299
journals.org
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Sammlung von Mikroorganism und Zellkulturen GimbH
(Braunschweig, Germany). L540cy (CD30 positive}, a deri-
vative of the Hodgkin’s disease cell line 1540 adapted to
xenograft growth, was developed by Dr Harald Stein (Institii
filr Pathologie, University Veinikum Benjamin Franklis,
Berlin, Germany). Cell lines were grown in RPMI-1640
media (Life Technologies, Gaithersburg, MD, USA) supple-
mented with 10% fetal bovine serar.

Mutagenesis and subcloning

The construction of cAC10. a chimeric form of the murine
menocional aatibody, AC18, bas previcusly been described
(Wahl et al, 2002). Mutants of cACI0 were generated in
pBluescript vectors containing ¢DNAs for either cAC1T0 heavy
(pBSSK-ACLIO0H) or lght (pBSSK-ACI0L) chain using a
Quikchange® Site-Directed Mutagenesis Kit (Stratagene, La
Jolla, CA, USA) and pairs of complementary oligonucleotide
primers. The plus strand primers for the heavy chain mutanis
were (mutated codons underlined):

C2208. 5-GTIGAGCCCAAATCTICTGACAAAACTCA-
CACATGCCC-3

€226, 5-GACAAAACTCACACATCCCCACCGTGOC
CAGC-3,

C2265:C2298, §-GACAAAACTCACACATCCCCACCG-
TCCCCAGCACCTGAACTC-Y.

Sequential rounds of mutagenesis were performed to gene
rate the C2208:C2268 and the C2208:C2268:C2295 mutants.
Similarly, the plus strand primer for the light chain mutant was
C218S, 5-CTTCAACAGGGGAGAGTCTTAGACGCGTA-
TTGG-3 (mutated codon underfined). The cAC10 heavy chain
variant cDNAs were excised from pBluescnpt using Xhol and
Xbal azod Jigated into the mammalian expression vector
pDEF3E (Running Deer and Allison, 2004) downstream of the
CHEF EF-1o promaoter. The cACHO light chain variant cDNAs
were excised from pBluescript with Miul and cloned into
similarly cleaved pDEF38 downstream of the CHEF EF-1u
promoter.

Antibody expression

The cACIO variants were stably expressed in a CHO-DG44
cell line as previously described for the cACI0 parent antibody
(Wahl er al., 2002). Briefly, 50 ug of each of the heavy and
light chain expression constructs in vector pDEF38 were lin-
earized with Pvul and then coelectroporated inte CHO-DG44
cells (Urlaub e af., 1986). Stable cell lines expressing the
cAC10 variants (Table ) Were selected in hypoxanthine and
thymidine deficient EX-CELL™ 325 media (JRH Biosciences
Inc., Lenexa, KS, USA). ngh titer clones idestified by
antigen-binding ELISA were recovered by limiting dilution
cloning and cultured in spioner flasks (2.5 B} or WAVE bio-
reactors (3-10 1, WAVE Biotech LLC, Bridgewater, NJ, USA).

Antibody purification

The cACI0 parent and variant antibodies were purified by
protein A foliowed by anion exchange chromatography using a
FPLC (AKTAexplorer, GE Healthcare, Piscataway, NJ, USA).
Briefly, the antibody-containing conditioned media were con-
centrated ~10-fold and buffer-exchanged into phosphate-
buffered saline (PBS), pH 7.4 by tangential flow filtration
(Millipore, Bedford, MA, USA). The concentrated samples
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Table 1. Cys-—Ser antibody variants

Variant Competition binding

name® 9 (ICsq, nMY°
8 None {parent)

CZvl 1214, H220, H226

C2v2 H220, HQ“( H229

Cavl .

Cavl

C4v3 H2 O 112”6

W ACIO variants are identified by the numi
“here necessary

n; H, heavy (hdm numbering scheme of Ka sat et al. (1991).
‘\/11 for three or more nJLp"'xJ‘*'ﬁ LX[VLHI“C"‘\&

”Mcaq ( +
“nd. not d

) . S ig
and SDS-PAC mlal/xm was netconsistent with the behavior dnil(.‘lpait‘d forone
interchain disuifide bond hetween heavy chains).

were treated with 0.5% (v/v) Triton X-100 (Sigms,
St Louis, MO, USA) with gentle stirring overnight at 4°C
for endotoxin removal. Samples were loaded on to a protein
A column (GE Healthcare) pre-equilibrated with PBS, pH 7.4.
The column was washed with PBS. pH 7.4, 2-3 column
volumes (CV) 0.5% v/v Triton X-100, 1T M Na(l in £8S,
pH 7.4 then with PBS, pH 7.4 ustil a stable baselise was
reached. Bound antibody was eluted from protein A with
3G oM sodium acetate, pH 3.6 and then dialyzed against
20 mM Tris-HCL, 10 mM NaCl 1 mM EDTA, pH 8.0 (buffer
A). The pooled antibody was then loaded on to Q sepharose (GE
Healthcare) pre-equilibrated with buffer A and washed with 2-3
CV buffer A, 5-10 CV butfer A containing 0.5% (v/v) Triton
X-100 and S CV buffer A. Antibodies were eluted from
sepharose by either step or linear NaCl gradient froma 10-
500 mM Na(l in buffer A and dialyzed against PBS, pH 7.4.
Purified antibodies were analyzed by SDS-PAGE and by
TSK-Gel G3000SW HPLC size exclusion chromatography
{Tosoh Bioscience, Montgomeryville, PA, USA).

Antibody conjugation

Conjugation of cAC10 Cys— Ser antibody variants with either
2 {(vanants C2vi-E2 and C2v2-E2) or 4 (variants Cdv]-E4
and Cdv2-E4) equivalents of MMAE involved antibody

reduction with a few (2.54) equivalents of tris(2-
carboxyethylDphosphine (Acros Organics, Geel, Belgium)

and conjugation to maleimidocaproyl-valine-citrulline-p-
aminchenzoyi-MMAL (veMMAE) (Doronina ef al., 2003)
without removal of excess tris(2- carboxye;hyl)phmphme.
The extent of reduction was assessed prior to drug addition
by purifying a small amount of the reduction reaction through a
PD-10 column (GE Healthcare) and titrating the number of
antibody-cysteine thiols with 3,5'-dithio-bis{2-nitrobenzoic
acid) (Ellman, 1958). The reduced anubodies were reacted
with veMMARE for 60 min at 0°C and excess N-acetyicysteine
(Acros ()rgan:cs‘} then added to quench any unreacted veM-
MAE. The reaction mixture was then diluted 5-fold with water
and then loaded on to a hydroxyapatite column (Bio-Rad
Laboratories, Hercules, CA, USA) equilibrated with 10 mM
sodiuny phosphate pH 7.0, 10 M NaCl. The column was
washed with 5 CV of the same buffer and the conjugate eluted
with 100 M sodium phosphate, pH 7.0 and 10 mM NaCl. The



1965 of 14295

conjugates were concentrated and huffer-exchanged into PBS
using Amicon Ultrafree centrifugal filter units (Millipore, Bed-
ford, MA, USA).

The generation of cACIO conjugates with a mean stoichio-
metry of 4 drugs/antibody, C8-E4 mixture {C8-E4M, range of
0-8 drugs/antibody), and 2 drugs/antibody, C8-E2 mixture
{C8-E2M), have been described (Hamblett ez al., 2004; Sun
et al., 2003). C8-E2M was subjected to hydrophobic iater-
action chromatography to isolate comjugates loaded with a
vaiform  stoichiometry of 4 drugs/antibody (Ch-E4) and
2 drugs/antibody (C8-E2) as previously described (Hamblett
et al., 2004).

Conjugate analysis

Antibody—drug conjugates were analyzed to determine the
stoichiometry of drug loading using the molar extinction coef-
ficients at wavelengths of 248 and 280 nm for the antibody
(941 x 10" and 234 x 10° M P em ), respectively) and drug
(150 x 107 and 1.59 x 10" M~ ¢ , respectively), as
previously described (Hamblett ¢ of., 2004). The location
of drug attachment to the antibody heavy and light chaing
was investigated by reverse phase HPLC using a PLRE-S
column (Polvmer Laboratories, Amberst, MA, USA; No.
1912-1802: 1000 A, 8 pm, 2.1 % 150 mm) and solvents A
10.05% (v/v) trifluorcacetic acid in water] and B [0.04% (viv)
teifiuroacetic acid in acetonitrile] at a flow rate of 1 m¥/min at
80°C. The solvent conditions were as follows: isoeratic 25%
solvent B (3 min), linear gradient to 50% solvent B (25 ruin),
linear gradient to 95% solvent B (2 min), Hoear gradient to 25%
sofvent B (1 min) and isocratic 25% solvent B (2 min). Prior to
chromatography, antibody—drug copjugate saroples (10-20 upl,
1 mg/mi) were reduced with 20 mM DTT at 37°C for 15 min
to cleave the remaining interchain disulfide bonds.

Endotoxin measurement

Hndotoxin levels in antibody and antibody—dmug conjugate
preparations were determuined by quantitative kinetic or
endpoint Limulus amebocyte lysate assay using a chromogenic
substrate as described by the vendor (Cambrex, Walkersville,
MD, USA). Briefly, the sample was mixed with the Limulus
amebocyte lysate and substrate reagent, and the absorbance at
405 nm measured over time (WinKQCL, Cambrex) or after
13 min iscubation for kinetic and endpeint assays, respect-
ively. The sample-related inhibition or enhancement of the
Limulus amebocyte lysate endotoxin reaction was also anal-
yzed by spiking sedal dilutions of the sample with constant
endotoxin concentrations for the endotoxin measurement in the
sample allowing simultaneous detection of quality and quant-
ity of sample and sample-induced interference. The endotoxin
level in samples was then determined from the endotoxin
standard curve generated by each assay wethod, which is
linear over a concentration range. All purified antibody and
antibody—drug conjugates had =0.05 endotoxin units/mg pro-
tein, which is at least 5-fold below the endotoxin level judged
acceptable for in vive studies.

in vitro characterization of antibody variants and

drug conjugates

Competition binding of the cAC10 antibody variants and their
corresponding drug conjugates was undertaken to assess the
impact of mutations and drug conjugation upon antigen
binding. Briefly, cAC10 was first labeled with europium using
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a protocol from the vendor (Perkin-Elmer, Boston, MA, USA).
CD30-positive Karpas-299 cells were then combined with
serial dilutions of the cAC10 parent antibody, variants or cor-
responding antibody—drug conjugate in the presence of 1 pg/mi
europium-labeled cACIO in staining medium {50 mM Tris—
HCl pH 8.0, 0.9% (w/v) NaCl, 0.5% (w/v) bovine serum
albumin, 10 uM EDTA] for 30 min on ice then washed twice
with ice~-cold staining medium. Labeled cells were detected
using a Fusion HT microplate reader (Perkin-Elmer). Data
were baselige-corrected and reported as the percent of max-
mmum fuorescence as calculated by the sample fluorescence
divided by the fluorescence of cells stained with 1 ug/mi
cAC10-auropium alone.

Growth iphibition of CD30-positive Karpas-299 or L540cy
cells or CD30-negative WSU non-Hodgkin’s lymphoma cells
treated with cAC10 Cys—Ser variant conjugates was determ-
ined by incubating conjugates with cells for 92 k followed by
incubation with 56 pM resazurin for 4 h at 37°C. Dye reduction
was reeasured using a Pusion HT microplate reader. Data were
analyzed by a non-linear least squares fit to a four-parareter
iogistic equation using Prism v4.01 (GraphPad Software Inc,
San Diego, CA, USA).

Pharmacokinetics

The pharmacokinetic properties of the antibody—drug conjug-
ates {C2v1-E2, C2v2-E2, C8-E2, C4vi-E4, C4v2-E4, C8-E4
and C8~H4M) were evaluated in SCID mice. Groups of SCID
mice (three mice/group) were administered with 10 mg/kg of
test material based on the antibody component by tail vein
injection. Blood samples were collected from each mouse
via the saphenous vein at 1 h, 4 h, 1 day, 2 days, 4 days,
7 days, 15 days, 21 days, 28 days, 36 days, 42 days and
56 days post-injection and serum isolated. Serum concentra-
tions of antibody—drug conjugates were measured by antigen-
binding ELISA as described previously (Hamblett er ai., 2004).
The time course of serum concentrations for each animal was
plotted and non-compartmental pharmacokinetic parameters
were calculated with WinNonlin version 4.0.1 (Pharsight,
Mountain View, CA, USA).

Kenograft models

A total of 5 x 10° Karpas-299 or L540cy cells were implanted
into the right flank of C.B-17 SCID mice (Harlag, Indianapolis,
IN, USA) to establish a subcutaneous disease model of ana-
plastic large cell lymphoma or Hodgkin's disease, respectively
(Doronina ef af., 2003; Francisco et al., 2003; Hamblett ef al.,
2004). Tumor volume was calculated using the formula,
(A x B*)2, where A and B are the largest and second largest
perpendicular tumor dimensions, respectively. Tumor-bearing
mice were randomly divided into groups of 8-10 animals when
the mean fumor volume was 100 mm®. Mice ZIoups were
weated with a single intravenous dose of an antibody-drug
conjugate or alternatively left untreated. Conjugate doses of
6.0 and 12.0 mg/ikg for the 2 drugs/antibody conjugates and 3.0
and 6.0 mg/kg for the 4 drugs/antibody conjugates were used
for the L540cy xenograft studies. Conjugate doses of 0.5, 1.0
and 2.0 mg/kg for the 2 drugs/antibody conjugates and 0.5 and
1.0 mg/kg for the 4 drugs/antibody conjugates were used for
the Karpas-299 xenograft models. Animals were euthanized
when tumor volumes reached ~1000 mm®.
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Maximum tolerated dose

Groups of three rats (Sprague-Dawley) (Harlan) were ipjected
with 40, 60 or 80 mg/kg of C2vi-E2, C2v2-E2 and C8-E2 and
20, 30 or 40 mgfkg of C4vi-E4, C4v2-E4, C8-E4 and CR-
E4M via the tail vein to determine the ngk dose maxinwm
tolerated dose. Rats were monitored daily for 14 days. and both
weight and clinical observations were recorded. Rats that
developed significant signs of distress were euthanized.

Results

Construction and expression of antibody Cys— Ser variants

The parent antibody for this study, ¢cACIO, is a chimeric {gG,
that binds to human CD30 (Wahl ¢f al, 2002). Asntibody
¢AC10, has four solvent-accessible interchain disulfide bonds
that are readily reducible and conjugated in near quantitative
vield o veMMAE, a thioi—mactive auristatin derivative
(Doronina et al, 2003}, This homogeneous antibody—drug

conjugate comprising tbc cACI0 parent antibody with
8 drugs/antibody is designated here as C8-EE (Fig. 1A).

The solvent-accessible cysteines in cACIO were systematically
replaced with a homologous re«:idue. serine, to generate anti-
body variants with either four (C4vl, C4v2 and C4v3) or two
(C2v1 and C2v2) remaining acc ,ssﬁ,ie cystaines (Table I and
Fig. 1A). These engineered antibody variants were used to
generate drug conjugates with defined stoichiometries and
sites of drug attachment.

Al antibody variants were stably expressed in CHO-DG44
cell Hines at titers of 25-125 mg/l. The antibody variants were
purified from 2.5 to 10 | cultures by protein A affinity and ion
exchange chromatography (Table 1) and then analyzed by
size exclusion chromatography and SDS-PAGE. All variants
electrophoresed under reducing conditions gave rise W two
major bands consistent with the presence of heavy and light

A
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chains {data not shown}. Under non-reducing conditions, all
antibody variants except C4v3 gave electrophoretic patterns
(Fig. 1B) consistent with their anticipated interchain disulfide
bonding pattern (Fig. 1A). Antibody variant C4v3 was
excluded from the remainder of this study on the basis of
its unanticipated electrophoretic behavior and a size
exclusion chromatography profile that suggested significant
aggregation.

Preparation of antibody—drug conjugates

The cAC10 parent antibody (C8) was partially reduced to yield
a mean of 2 or 4 free thiols/antibody and then reacted with
veMMAE. The corresponding conjugates, C8-E2M and €8~
H4M, have a mean loading of 2 drugs/antibody and 4 drugs/
antibody, respectively. C8-E2M and C8-E4M are mixtures of
conjugates loaded with 0, 2, 4, 6 or 8 drugs/antibody (Hamblett
et al., 2004; Sun et al., 2005). Conjugates with uniform stoi-
chiometry of either 2 drugs/antibody (C8-E2) or 4 drugs/
antibody (C8-E4) were purified from the C8-E2M mixture
by hydrophobic interaction chromatovraphv as previously des-
cribed (Hamblett et ¢l., 2004; Sun ef ¢l., 2005, MMAE con-
jugates of the Cys—Ser variants were generated by reduction
of the corresponding antibodies followed by reaction with
veMMAE.

For each antibody—-drug conjugate the observed drug loading
stoichiometry by spectrophotometric (Hamblett er al., 2004)
and reverse phase HPLC analyses (Sun ¢f af., 2005) closely
matched those expected (Table II). Peak area analysis follow-
ing size exclusion chromatography suggests that all antibody—
drug conjugates were >98% monome The yield of the
Cys—Ser variant conjugates (89-96%) was sm‘llar to the het-
erogenecus conjugate, C8-E4M (95%), but greatly improved
over the more hornogeneous conjugates C8-E4 (11%) and C5-
E2 (27%) purified from C8-E2ZM (Table H). Somewhat higher

C2vd Cav2

C8-ER T2¢1-ER C2v2-E2
~8yS  ~gisulfide -+drug
o
ot
8 g df;‘ & c}“ s
HHLL -2 s 200 ki
HHs o owet e 0 (8344
Hi e w974 KD
5.3 kDe
H-af e B34 402
3.5 kOa
310 ¥
Ln ....................... .
i 484 KD

Fig. . Design and SDS-PAGE analysis of antibody ¢

and drug conjugates highlighting the location of solvent

E& denotes the conjugate in
PAGE analysis of antibody variants under non-~reduci
dimer (HH), heavy-light chain dimer (HL), heavy chai
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which all eight solvent-accessible cysteine residues in the ¢cAC10 parent antibody {(C&) are conjug ated to MMAE (EB). (B) 5DS-
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Table il. In vitrro characterization of antibody-drug conjugates

»

cACHD drug Drugsfantibody: Competition binding Karpas-299 cyictoxicity L540cy cytotoxicity
conjugate® method i, method 2° to Karpas-299 (ICso, nM)° (ICsg, nM)” {ICsp, nM)°®

92.7 2.0, 1.9 98.4 29 =03 0.26 = 0.2 0.28 = 0.03

88.9 2.1, 18 98.3 25 01 046 + 0.30 0.27 = 0.02

7.4 20,20 59.7 28 =02 0.32 = 0.21 = 0.02

90.6 40,38 992 32 =01 0.07 £ 0.02 o

96.0 4.1, 38 99.0 28 02 0.07 = 0.02 .01

10.8 4.0, 40 99.5 24 =03 0.07 = 0.0 .04

95 44,44 98.8 30+ 04 0.03 = 0.01 02

“Antibody--drug conjugates are identified by their cAC10 variant name (see Table I}, loading level with g, MMAE, and whether the drug stoichiometry is uniform
or vartable ( \,{{) g C M and C8-E2ZM denotes the parent antibody, cACI(, Inaded with a mean stoichiometry of 4 drugs/antibody (vange of 0-8 drugs/antibody)
dl\d 2 drugs .aunbodv (range of 0-8 drugs mqnbodv) respectively.

YYield of conjugate obtained as a percentage of purified antibody. The {ree drug in all conjugate preparations was below the detection limit {(<0.05%).

NIEthods i a.,c‘ 2 vefel to the ratio of absorbance at wavelengths of 248 and 280 nm (Hawmblett ef /., 2004) and reverse phase HPLC analysis under reducing conditions.

ography.

hv of C8—E£2M based on the starting cACL0 protein. Yields of up to 30% C8-E4 have been achicved by
o (S.Alley, unpublished

40 ) ! SR
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Fig. 2. Reverse phase HPLC analysis of antibody—-drug conjugates ander reducing conditions. (A) C8-E4M, (B) C8-E4, (T) C4vI-E4, (B) C4vI-E4, (E) C8-

E2M, (F) CB-EZ2, (G) C2vi-E2 and (F) C2v2-EZ (see Table II). Peaks were identified by the ratic of their absorbance at wavelengths of 248 and 280 nm (see
Materials and methods). U-EQ and L-£1 are used to denote light chains loaded with 0 or 1 equivalents of MMAE, respectively, whereas H-EO, H-E1, H-£2 and H-
E3, indicate heavy chains loaded with §, 1. 2 or 3 equivalents of MMAE, respectively.

vields (up to 30%) of C8-E4 have been achieved by using (Sun et al., 2005). C8-E4M (Fig. 2A) is the most heterogen-
C8-E4M as a starting point for purification (5.Alley, unpub- eous conjugate containing all six possible species: L-EG, L-El,
lished data). SDS-PAGE analysis of the antibody—drug con- H-EO, H-E1, H-E2Z and H-E3. Purification of C8-E4M 1o
jugates under reducing conditions fully resobves light chains generate C8-E4 reduces the heterogeneity down to four
loaded with 0 or 1 equivalents of MMAE (L-EQ and L-El, species: L-E0, L-E1, H-E! and H-E2 (Fig. ”B) The homogen-
respectively) and partially resolves heavy chains loaded with 0, eity of cAC10 Cys— Ser variant conjugates is demonstrated by
1, 2 or 3 equivalents of MMAE (H-EO, H-E1, H-E2 and H-E3, the presence of the anticipated single major light and heavy
respectively), as shown previously (Dommm et al., 2003). For chain peaks: L-EQ0 plus H-E2, and L-E1 pius H-El, for C4vi-
each Cys—S8er variant conjugate, a single light and heavy B4 (Fig. 2C) and C4v2-84 (Fig. ZD), respectively. Similarly
chain band with the anticipated roobility was observed for the 2 drugs/antibody conjugates C8-E2ZM (Fig. 2E) is the
(Fig. 1C). In contrast, more complex electrophoretic patterns most heterogeneous containing all six poessible species
were observed for C8-E2 and C8-E4M and to a lesser extent Purification of C8-E2 (Fig. 2F) from C8-E2M reduces betem—
for C8-E4 (Fig. 1C). geneity to L-EO, L-E1, H-E0 and H-E1. In contrast, C2v1-E2

Reverse phase HPLC under reducing conditions was used (Fig. 2G) and C2v2-E2 (Fig. 2H) each gave rise to a pair
to further evaluate antibody—drug conjugate heterogeneity as of major peaks: L-EC plus H-El and L-El plus H-EO,
this method can fully resolve all light and heavy chain species respectively.
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in vitro characterization of antibody—drug conjugates
Competition binding experiments revealed that neither
Cys—S8er mutations (Table I} nor veMMAE conjugation
{Table Ib) it‘}p‘iirad antigen bindiag by the cACIO antibody.
Next the cytotoxicity of cACI0 Cys—Ser variant conjugates
were assessed on CD30 positive (Karpas-299 and L540¢y) and
pegative (WSU non-Hodgkin’s lymphoma) cell hines. The
C2v1-E2 and C2v2-E2 conjugates have very similar potency
to C8-E2 on both CD30 positive cell Bines (Table I1). In addi-
tion, C4vl-E4, C4v2-E4, C8-E4M and C8-E4d conjugates
displayed similar activity on both CD30 positive cell lines
tested (Table ). Thus, defining the site and stoichiometry
of drug attachment did not significantly irmpact the in vitro
cytotoxic activity of the amibody-dmg conjugates. Increasing
the drug stoichiometry from 2 to 4 drugs/antibody increased
the potency {(reduced sy values}, consistent with previous
cbservations {Hamblett ez al., 2004, Sun er al, 2005).
CD30 negative WSU non-Hodgkin's lymphoma cells were
insensitive to all cAC1Q antibody-drug conjugates (data not
shown).

Pharmacokinetics

SCID mice were dosed with various antibody—drug conjugates
to determine how the sites and stoichiometries of drug load-
ing would affect the pharmacokinetic properties. Immune defi-
cient (3CID) rather than competent mice were chosen for
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consistency with the efficacy experiments (see below) and
to avoid an antibody response to the antivody drug conjugates.
SCID mice lack endogenous IgG and so administered IgG may
potentially bind to endogenocus Fc receptors on a vartety of
tissues and normal cells. Whilst this possibility was not
explored in this study. it seems unlikely to have a major influ-
ence, since similar pharmacokinetic properties have been
observed for chimeric antibodies in immune competent and
Balb/c mice (Zuckier er af., 1994)

For ¢cAC10 conjugated with MMAE, decreasing the loading
from 8 drugs/antibody to 4 or 2 drugs/antibody was previously
shown to decrease the clearance and increase the pharma-
cokinetic area-under-the-curve (Hamblett et «l., 2004). We
observed similar differences between the conjugates loaded
with 2 drugs/antibody and 4 dmgs/antibody. For example.
the exposure of C2v1i-E2, C2v2-E2 and C8-E2 was increased
compared to C4vi-E4, C4v2-E4, C8-E4 and C8-E4M as
determined by the area-under-the-curve (Table I} Also,
clearance values for conjugates loaded with 2 drugs/antibody
were lower than for those loaded with 4 drugs/antibody
(Table II). Notably, there were ounly small differences in
the pharmacokinetic area-under-the-curve or clearance values
between C4vi-E4, C4v2-E4, C8-E4 and C8-E4M (Fig. 3A
and Table ¥}, Likewise, the pharmacokinetic parameters of
C2v1-E2, C2v2-E2 and CB-E2 were similar (Fig. 3B and
Table HI).

Table . Antibody-drig conjugate tolerability and pharmacokinetic

> parameters

¢ACL0 drug conjugate® Maximum tolerated Terminal half-life Area-under-the-curve Clearance
dose (mg/kg)® (days) {(ng-day/mi) (mi/day/ks)
CZvi-E2 40 13.1 = 3.7 2210 = 360 4.6 + 08
Cov2- 2° 60 16.6 2460 :
46 159 =23 2790 + 150 3.6
- 20 174 = 33 1800 + 80 5.
C/+‘,2~Dl <20 148 =13 1066 = 220 9.
C8-F4 20 118 = 1.3 1700 = 120 5.
C8-E4M <20 131 = 44 1420 = 44( 7.
“See 'iabie 1f for am;bfviv——dmf: coajugme --umenﬁim‘ur\

=

Cavi-E4
Cava-E4
CB-E4

C8-E4M

»

%

100

<&

Caoncentration {pg/mi)

2 30
Time (Days)

10

Fig. 3. Pharmacokinetics of antibody drug co
conjugate and serum samples were colle
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Antitumor activity of antibody Cys— Ser variant conjugates
in vivo
The single dose efficacies of the cAC10 Cys—Ser variant drug
conjugates were compared to conjugates of the parent antibody
in established (~100 mm”) subcutaneous xenograft models of
Hodgkin’s disease (L540cy) and anaplastic large cell
lymphoma {Karpas-299) in SCID mice. A tumor that decreased
in size such that it was impalpable was defined as a complete
regression, whereas a complete regression that lasted beyond
100 days post-tumor implant was defined as a ‘cure’. Treat-
ment of L540cy xenograft models with C4vi-E4, C4v2-£4,
C8-E4 and C8-E4M resulted 1o comparable responses with
complete regressions being achieved at both 3.0 and 6.0 mg/kg
for each antibody—drug conjugate (Fig. 4A and B). Treatment
of Karpas-299 models with conjugates containing 4 deugs/
antibody at doses of (.5 and 1.0 mg/kg showed very similar
and potent efficacy for all antibody—dnug conjugates (data not
shown). Responses of L540cy xenografts to treatment with
C2v1-E2 and C2v2-E2 were comparable and complete regres-
sions were induced at both 6.0 and 12.0 mg/kg doses (Fig. 4C
and D). C8-E2 was slightly more potent than C2v1-E2 and
“2v2-E2 with cures achieved at both dose evels (Fig. 4C and
D). Karpas-299 xenograft models treated with single doses
of the conjugates contaiping 2 drugs/antibody showed similar
response trends with 3 of the 10 animals achieving complete

X

© 3 mg "kg ] X {ff?geﬁﬁed
£ tooodt ] o CAVI-E4 6/8 CRs
3 oy / o TH2-E4 2010 CRs
o / ® C8-E4 610 CRs
g E oo 4 ¥ CB-E4M 3110 CRs
e ieed ]
= . /
g A 7

R
§ 200+ ,‘v":f‘“':c ::»:‘

L4}
0 10 20 30 40 50 50 7O 8¢ 90 100110
Time Post Tumor implant {Days)

1200~ P % Untreated
£ 1000 ngke o {2vi-E2 1/8 CRs
= a0 / & Cov2E2 2B CRs
?S“E x“){ o O8-EZ 88 CRs
§ £ 5007 ;é( )
- K
&
3
b

o 3R
9 13203840 5060 mscaomm
Time Post Tumor implant {Days)

Fig. 4. Singie dose ef-“'
Cavl-E4, C4v: , C
C2v2-B2 and CR-E2 at 6.0 mgikg (€) or 12.0 mp/ke (D).

cy studies on SCID mice bearing L340cy subcutaneous xenografts. M
and C8-E4AM at 3.0 mg/kg (&) and 6.0 mg/kg (B). Mice were
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regressions for C2vi-E2 and C2v2-E2 and 8 of 10 complete
regressions for C8-E2 at a 1.0 mg/kg dose (data not shown).

Maximum tolerated dose

The maximurm tolerated dose was defined as the highest dose
that did not induce >20% weight loss or severe sigos of dis-
tress. Previously, the single dose maximum tolerated dose
of C8-E2 in BALB/c mice was shown to be »250 mg/kg
(Hambletr ef of., 2004; Sun er al., 2005)—the highest dose
that could be readily tested. Sprague—Dawley rats were chosen
hete to assess the single dose tolerability of each antibody—
drug conjugate. These rats are more sensitive than mice 10 the
anti-CD30 MMAE conjugates and so permit more precise
determination of the maximum tolerated dose for conjugates
with 2 drugs/antibody. The cACIO antibody (Wahl et al,
2002) hinds to human CD30 but does not cross-react with
the corresponding antigen from rats or mice. Thus, antigen-
independent but not antigen-dependent toxicities of cACIO
drug conjugates can be explored in these species.

All conjugates loaded with 2 drugs/antibody were tolerated
by rats at higher doses than those with 4 drugs/aniibody,
consistent with previous studies of C8-E2 and C8-E4 toler-
ability in mice (Hamblett er o/, 2004; Sun et af., 2003). Minor
differences in tolerability were observed between C2vI-EZ,

B

o X % Untested

E 10004 [ % C4-E4 59 CRs

3 ol [+ Chesdescrs

> / ® (8-E4 %9 CRs

g E 6004 4 ¥ C8-E4M6/8 CRs

~ ™ 400n /

& X

] . X

S w0 o
e

¢
@ 10 20 30 40 50 60 70 80 90 100110
Time Post Tumor implant {Days)

A —— X Untreated
g edllemekal o o caviezsmons
3 Ve & C22-E2 668 CRs
> . 0 X o C8-EZ &8 CRs
2 w0l f
!3 - 400 ?é 8
% P
5
g o

D 1020 30 40 50 60 70 80 90 190110
Time Post Tumer implant {Days)

ice were treated 12 days post-tum 5 with a single dose of
eated 12 days post-tumor implant with a single dose of C2vI-EHZ,
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C2v2-E2 and C8-E2, which were dosed at 40, 60 and
80 mg/kg. The 40 mg/kg dose of each conjugate was well
tolerated whilst the 60 mg/kg dose was only well tolerated
by rats treated with C2v2-EZ (Table (). The conjugates
containing 4 drugs/antibody were each dosed at 20, 30 and
40 mg/kg. Again there were only small differences in toler-
ability between conjugates. Animals injected with the 20 myg/
kg dose of C4vi-E4 and C8-E4 experienced no adverse effects
while several animals in the groups treated with the 20 mg/kg
doses of C4v2-E4 and C8-E4M showed sigas of distress and
one from each group was sacrificed on Dav 9. Based on these
data the maximum tolerated doses for C4vi-E4 and C8-E4
were determined to be 20 rug/kg while the maximumn tolerated
doses for C4v2-E4 and C8-E4M were determined to be
<20 mg/kg (Table II). The shightdy greater toxicity of C3-
E4M than C8-E4 hikely reflects, at least in part, the drug loading
stoichiometry of 4.4 dmgs/antibody and 4.0 drugs/astibody,
respectively (Table ), and the kunown comrelation of drug
foad and toxicity (Hamblett et al., 2004; Sun e al., 2005).

Discussion

Desirable attributes of antibody—drug conjugates for targeted
therapy inchude linkers between antibody and drug that are
stable ip circulation but readily cleavable within the target
cells to release active drug, high therapeutic index {curative
dose/maximum tolerated dose) and homogeneous composition
to facilitate drug developrent. An antibody-drug conjugate
that comes close to meeting these criteria is the anti-CD30
antibody, cAC10. conjugated to auristatin & (MMAE) via
the eight solvent-accessible cysteine resichies through linkers
that are cleavable by lysosomal proteases such as cathepsin B
{(Doronina ef af., 2003; Francisco et al., 2003). Reduction in the
drug stoichiometry from 8 drugs/antibody to 4 drugs/antibody
or 2 drugs/antibody increased the therapeutic index by =2-fold
(Hamblett et «f., 2004}, albeit at the expense of reduced con-
jugate yield and increased heterogeneity (drug attachment site
and stoichiometry}.

Here, we have developed a protein engineering approach
to generate homogeneous antibody-drug conjugates in high
vield with precisely definable site and stoichiometry of drug
attachment. The chosen strategy was to systemically replace
the solvent-accessible cysteine residues with serines. These
cysteine residues commonly form interchain disulfide bonds
10 IgQ. Thus, success of our strategy relies upon biosynthetic
assembly of I2G, as well as IgG structure and function under
physiologic conditions, to be independent of the presence of
disulfide bonds. Several prior observations suggest that this
would likely be the case. First, biosynthetic assembly of anti-
body light and heavy chains relies upon non-covalent interac-
tions and does pot require a disulfide between light and heavy
chaing as shown by studies with engineered F(ab'), fragments
(Rodrigues er al., 1993). Moreover, removing the interchain
disulfide bond impacted neither the antigen binding affinity of
a Fab'), fragment nor its pharmacokinetic properties
{Rodrigues ef al., 1993). Second, removal of the inter-heavy
chain disulfide bonds of an IgG,; did not impact expression aor
binding to antigen but did impair effector functions (Gillies
and Wesolowski, 1990). Third, the pharmacokinetic properties
of cAC10 Ig( in mice were not significantly altered by reduc-
tion and carboxymethylation of all four interchain disulfide
bonds (KL H. and JAF., unpublished data).
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Antibody variants were generated with either six {data not
shown), four or two remaining accessible cysteines that were
then conjugated to the drug, MMAE, in near quantitative yield.
These naturally occurring cysteine residues are distant from the
antigen-binding variable domains and, as anticipated, neither
their replacement with serines (Table I) nor drug conjugation
{Table {I) impacted antigen binding. Removal of two, three or
al} four of the antibody interchain disulfide bonds bas minimal
effect on the antibody multimerization state as judged by size
exclusion chromatography. In addition, sirnilar in vitro poten-
cies of the various 2 drugs/antibedy conjugates (C2vI1-E2 and
C2v2-E2 versus C8-E2) and 4 drugs/antibody conjugates
(Cavi-E4 and C4v2-E4 versus C8-E4 and CB-E4M)
(Table II) suggests that the engineered conjugates are stable
at least over the 4 day time course of the assay.

The engineered conjugates with 4 drugs/antibody, C4v1-E4
and C4v2-E4, have comparable antitumor activity to the par-
ental conjugates, C8-E4 and C8-L4M. in both L540cy (Fig. 4)
and Karpas-299 (not shown) xenograft models and exhibit
only small differences in tolerability by rats (Table HII). The
antitumor efficacy of the engineered conjugates with 2 drugs/
antibody, C2vIi-E2 and C2v2-E2, is slightly lower than for the
parental conjugate, C8-EZ, with only minor differences in
tolerability by rats. Additionally, broadly similar pharmacokin-
etic properties were found for the conjugates with 2 drugs/
antibody (C2v1-E2, C2v2-E2 and (8-E2) and amongst
those with 4 drugs/antibody (C4vi-£4, C4v2-B4, C8-E4
and C8-E4M). Thus, efficacy, tolerability and pharmaco-
kinetics of the engineered antibody—drug conjugates are
impacted to only a minor extent by the chosen alternative
sites of drug attachment. In contrast, reducing the stoichio-
metry of drug loading from 4 to 2 drugs/antibody reduces
efficacy and increases tolerability with lhittle net effect on
the therapeutic index (Fig. 4 and Table HI), consistent with
previous observations (Hamblett e al., 2004). Surprisingly, the
maost heterogeneous corjugate Th-E4M (0-8 drugs/antibody
with a mean of 4 drugs/antibody and variable sites of dmug
attachment) has similar in virro and in vive properties to the
most homogenous conjugates, C4vi-E4 and C4v2-E4 (fixed
stoichiometry of 4 drugs/antibody at defined sites). Thus, from
this study in conjunction with prior work (Hamblett ef al.,
2004; Sun et al., 2003), the stoichiometry of drug attachruent
i a more critical determinant of antibody-drug conjugate
potency and tolerability than is the site of drug attachment
and conjugate homogeneity.

Comparable in vitro and in vivo properties notwithstanding,
the engineered antibody—drug conjugates offer significant
advantages for drug development over their purified parental
counterparts (C8-E2 and C8-E4) in terms of improved
yield (>90% versus =30%) and reduced heterogeneity of
sites of drug attachment. The engineered conjugates (C4vi-
B4 and C4v2-E4) were produced in similar yield to the
unpurified parental counterpart, C8-E4M) but are much
more homogencus—a potentially significant advantage from
a drug manufacturing standpoint. The precise definition of drug
iocation and stoichiometry in the engineered antibody—drug
conjugates described here contrasts with the heterogeneity
of many antibody—drug conjugates [reviewed by Wu and
Senter (2005)] including gemtuzumab ozogamicin (Mylotarg),
the only FDA-approved antibody-drug conjugate. Gemtuzu-
mab ozogamicin has a mean stoichiometry of 2-3 drugs/
antibody attached via lysine residues with 50% of the antibody
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being unconjugated (Hamann ef al., 2002b) (gemtuzumab 0zo-
gamicin prescribing iaformation).

Prior engineering of IgG for site-specific conjugation to
cysteine residues involved the addition of cysteine residues
rather than the removal of naturally occurring cysteines des-
cribed here. For example, an extra ey steine residue was intro-
duced at several different focations in the Cgl domain of an
126G, (Lyons et al., 1990). Of these added non-hinge cysteines,
the fully accessibie ones were reversibly blocked, whereas less
accessible cysteines were only partially (~50%) blocked and
available thicls were site-specifically radiolabeled. Selective
reduction of the blocked thiols proved difficult with only 50%
thiol recovery being achieved without reduction of the hinge
disulfide bonds. More recently, a cysteine residie was intro-
duced at position 442 of the ;3 domain of an IgG, (Stimmel
et al., 20000, Again the cysteine residue was reversibly blocked
bur in this case mild and selective reduction conditions were
devised and site-specific labeling achieved with a radionuclide
chelator. The performance of such engineered comjugates
in vivo has yet to be reported. Introducing cysteise residues
into antibody domains can sometimes promote interchain
and intermolecular disulfide bonds that are undesirable for
antibody—drug con}uzaﬁ applications. For exampic installing
an additional cysteine residue at position 444 in the 3
domain led to the formation of disulfide-linked G
dimers with enhanced effector functions (Caron er al., 1992;
Shopes, 1992), whereas a cysteine installed at position 119in a
Cyl domain created a compact and tethered IgG with an addi-
tional disulfide bond between the two heavy chains (Shopes,
1993).

Reduced JgG interaction with Fey receptors may lLimir
antibody uptake by non-target organs and improve tumor loc-
alization (Hutchins et al., 1995)—a potentially advantageous
property for antibody-drug conjugate applications. Removal
of the hinge region interchain disulfide bonds from an IgG;
has been repoﬂed to greatly impair antibody-dependent cellu-
lar cytotoxicity, consistent with impaired Fe-Fey receptor
interactions, and also reduce complement-dependent cytotox-
icity {Gillies and Wesolowski, 1990). The parent antibody,
cAC10, is ipefficient in supporting antibody-dependent cellular
cytotoxicity so we
Cys—Ser mutations and drug conjugation on the effector
functions of other antibodies.

Generation of C8-E2 or C8-E4 using partial reduction
methods results in antibody-drug conjugates where the major-
ity of MMAE is linked to cAC10 via the cysteines involved in
forming the heavy—light chain disulfide bond and the hinge
region interchain disulfides are left intact (Sun et af., 2005).
While methods have been developed to produce C8-E2 and
C8-E4 with the majority of MMAE linked to the hinge region
(Sun er al., 2005), recombinant generation of C2vi-EZ, C2v2-
E2, C4vi-E4 and C4vZ-E4 results in antibody—drug conju-
gates lacking all interchain disulfide bonds and thus reduces
the potential for 1ate 1E)ahzoimn by non-target tissues mediated
by interactions with Fey receptors.

Much research has focused on optimizing drugs and
liokers for antibody—drug conjugates (Lambext, 2005; Wu and
Senter, 2005). Consideration of drug stoichiometry has also
been shown to enthance the therapeutic window of cACI0veM-
MAE antibody-drug conjugates (Hamblett er af, 2004
Sun et al., 2005). Here, we report that the antibody component
of the antibody-drug conjugate can also be optirized to

are currently exploring the impact of
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complement advances in drug and linker technologies and
generate highly potent and homogeneous product candidartes.
The strategy developed here for generating antibody—drug con-
jugates with defined sites and stoichiometries of drug loading is
potentially broadly applicable to other antibodies as it involves
engineering of constant domains. Indeed, we have successfully
used this approach to generate antibody—drug conjugates of a
bumanized ant-CD70 antibody (C.FM., S.C.A. and P.C,
unpublished data).
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A New Water-soluble Camptothecin Derivative, DX-8951f, Exhibits Potent
Antitumor Activity against Human Tumors in vitro and in vive

Ikoo Mitswd,' Eiji Kumazawa, Yasuhide Hirota, Masashi Aonuma, Masamichi Sugimaori,
Satorp Ohsuki, Kouichi Uste, Akio Ejima, Hirofural Terasawa and Keiki Sato

Exploratory Research Luaboratovies I, Daiichi Pharmaceutical Co., Lid., 16-13 Kitakasai I-chome,
Blogawa-ku, Tokyo 134

CPT-11, a semisynthetic derivative of campiothecin, exhibiled strong antitumor sclivity against
{ymphoms, lung cancer, colorectal cancer, gastric cancer, svarian cancer, and cervical camcey, OFT-
it is & pro-drug that is comveried ¢o an active meiabolite, SN-38, in vive by enzymes such as
carboxylosterase. We synthesized a water-soluble and mon-pro-drug analog of campinthecin, DX-
83511, It showed both kigh in vifro polency against a series of 32 malignant celf lines and significant
topoisomerase I inkibition. The anti-proliferative activity of DX-8851f, as indicated by the mean Gl
valune, was about 6 and 28 times greater than that of SN-38 or SK&F 10486-A (Topetecan),
respectively, These three derivatives of camptothecin showesd cimilar patterns of differential response
among 32 cell lines, that is, their spectra of in vifro cytotoxicity were almost the same, The antitumor
activity of throe doses of DX-8931f administéred iv. at d-day iniervals against human gasteie
adencearcinoma SC-6 xenografis was grester than that of CPT-11 or SK&F 10486-A. Morsover, it
overcame P-glycoprotein-mediated multi-drug resistance. These data suggest that DX-89511 has a high

antitumer activity and is a potential therapeutic ageni.

Key words: Camptothecin — Topoisomerase I — P-Glycaprotein — CPT-11 — Topotecan

Camptothecin (CPT) was isolated from the Chinese
tree, Campiotheca acuminata and its siructure was iden-
ufied by Wall er alV It inhibits type I DNA topoiso-
merase {topoisomerase 1)*¥ and has strong antitumor
activity against several experimental tumors,” but in
clinical trials in the early 1970s, failed ic show meaning-
ful activity and proved to cause severe and unpredictable
cystitis. 7

The ountcome of a great amount of effort to ind new
derivatives of CPT with higher antitumor activity and
Iess toxicily has been the production of 7-ethyl-10-{4-
{ I-piperidino)-1-piperidine jearbonyloxycamptothecin
hydrochloride tribydrate (CPT-11}, a semisynthetic ana-
logue of CPT which bas significant antituraor activity
against varions experimental tumor models in mice.V
Clinical evaluation of CPT-11 has revealed that it is
active against lymphoma,” small-cell lung cancer,'® non-
small-cell lung cancer,'” colorectal cancer,' gastric
cancer,” ovarian cancer, and cervical cancer,'” CPT-11
is a pro-drug that is converted in vivo to 7-ethyl-10-
hydroxycamptothecin (8N-38), which has an antitumor

variation.'” The polymorphism of enzymes such as

carboxylesterase, which has been demonstrated to con-
vert CPT-11 to SN-38 in rat serum,' may cause the
interpatient variation.

We intended to synthesize water-soluble CPT deriva-
tives retaining potent topoisomerase I-inhibitory activity
and broad-spectrum antitumor activity, and having little
or no ioterpatient variation in efficacy or toxicity. We
have already reported that hexacyclic derivatives of CPT
showed superior topoisomerase I inhibitory activity.'”
Also, we have synthesized about 130 hexacyclic CPT
analogues and selected a new non-pro-drug compound of
camptothecin, DX-8951f, as a candidate for further de-
velopment {Fig. 1)

In this study, we examined the antitumor activities of
DX-80511 in vitre and in vive, and its inhibitory activity
against {opoisomerase 1.

MATERIALS AND METHODS

Cell Hines In vitro: Human cell lines (Table I) were

N activity at Jeast 100 times that of CPT-11in vire'™'® and  maintained in RFMI 1640 (Nissui Pharmaceutical Co.,
is responsible for much of the efficacy and toxicity of Lid., Tokyo) supplemented with 10% fetal bovine serum
CPT-11. CPT-11 has exhibited high antitumor activity in (HyClone Laboratories, Inc., Logan, Utah) and 2 mM
N clinical studiss, but side effects such as leukopenia and t-glutamine {Sanko Junyaku Co., Lid., Tokyo). A motse
X diarrhea have been observed with a large interpatient cell line, P388, was roaintained in the former medium
N

" To whom reguests for reprints should be addressed.

supplemented with 20 8 2-mercaptoethanol (Nacalai
Tesque, Inc., Kyoto). Cell cultures were passaged once
or twice weekly.
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Fig. 1. Molecular structure of DX-8951f. The absolute config-
wration at position 1 of DX-8951f is 8.

In vive: Poorly differentiated gastric adenocarcinoma
SC-6 was supplied by the Cancer Chemotherapy Center,
Japanese Foundation for Cancer Research (Tokyo). It
was maintained by sequential s.c. transplaniations into
nude mice.

Animals Male athyroic nude mice (BALRB/c-nu/nu},
aged 5 or 6 weeks, were purchased from the Shizuoka
Laboratory Animal Center (Hamamatsu). They were
housed in an exclesive experimental room and were given
sterilized food and water ad fibitum.

Drugs SK&F 104864-A (SK&F) was synthesized as
described previously ®® Camptothecin (CPT), CFPI-11
and SN-38 were provided by Yakult Honsha Co., Lid.
(Tokyo). DM-HOSIE (I5,9%) L-aming-S-cthyb-Suore-
2. %-dihydroa-hydroxy-4methyl 1H, 138 beuzo [l py-
Fsiro 37 4% 66, 7] bnlolizing 1, 28] qubresiing- 10, 13 {94,
FSE -cione rosthancsaifonate way totally syathevized n
aur lobovasery Y Fords vitre usage, SKEF, OPT, SN3R
and DX-8951f were sach dissclved in dimethy! sulfoxide
{DMSQO) and diluisd with, the medinm described ghovs,
and for the in vive experiment, SK&E, CPT-11 and TIX-
8951f were cach dissolved in distilled water. Dose levels
of SK&F, CPT, CPT-11, SN-38 and DX-8951f were
expressed in terros of the free bases. Vincristine (VCR)
was purchased from Bhlonegt G, Lid (Qsakad. -
plating (CPDP) was purchased frovn Nippon Ray
G, Lrds (Pokyo). Verapsenil was purehassd from Bisal
Co., Ltd. (Tokyo}.

Fn vitro cytotoxieity Growth inhibition experimentis
were carried out in 96-well flat-bottomed microplates
{Falcon, Oxunard, Califvrnin), -and the amount of wrahil
cells at the sufd of ibe inoubation was determgined by
MTT assay, essentially as described by Mosmann,”
Thas, 500-20,000 cells/well in 150 ! of medium were
platad and grown for 24 h (P388, CORFCEM and K562
eells for 4 b)Y, the drug (in 50 giwedium/well), or the
medium alone as a control, was added, and the celis were
cultured for an additional 3 days. After addition of MTT
{20 pelfwedl, 5 mg/ml in phosphatesiffered saling), the
plates wers incubated for 4 hoand centrifugad at 800y for
5 nin, then the medium was removed and the blue dye

'
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Table I Cell Lines Used in in virro Bxperiments

Breast cancer {(human}
DU-4475%
MEOA-MEB-2317

MCF-7%

MDA-MB-{57 @)
MDA-MB-3619

MDA-MB-4159

MDA-MB-43589 MIA-RB-4689 SK-BR-37
Colon cancer {(human)
HCT116® SK-CO-17 SW4R0
SW620% T84 WiDy
Stomach cancer (human}
AGS? HE746T9 MERN2EY
NUGC-39
Non-small cell lung cancer {human}
AS5499 PC-109 PC-12%
BC-13% PC-149 PC-69
PC-TO P9
Small cell lung cancer (human}
G909
Orvarian cancer (human}
HOC 21
Leukemia (human}
CCRE-CEM® Ksaas
Leukeraia (mouse)
pageh

MDR overesgressing sell (human)
PCEVER (VOR-sslévted MR variant of PC-6)"

a) Obtained from the American Type Culiure CUollection,
Rockville, MD.

5) Supplied by Dr. A. Hoshi, Natiimal Cancer Ol Tokyo.
¢} Supplied by Japausse Cancer Hosearch Resnusvas Rank,
Tokyo.

&) Supplied By Torme O, L, Tokya

ey Ofgaingd Trom Inunpno-Rickgiod Labostories, Thunma:
F) Supplied bty D8 Sekbve) Chibs Untvepsity Medicad
School, Ohiba.

2) Supplied by Dr. J. Yata, Tokyo Medical and Dental
Lntversity, Tokyo,

Ay Suppled By Dr. T Tashiro, Casger _ Chepntharapy
Corder, Japarese Foundation for Cancer Resdarch, Tk,
i) Established in our laboratory.

formed was dissolved in 1530 g1 of DMSO. The absor-
bance was measured at 540 nm using a Microplate Reader
model 3550 (Bio-rad, Richmond, California). Each data
point on the growth curves represcnts the average of
results from four wells, The cell population density at
tizne O (the tioie ab which drugs were addid) was also
medsured. Crawth inkibition of 50% ({Hy) was calows
fated from 100X [{T—To}/{C—"T)]= 350, which is the
drug conceniration causing a 50% reduction in optical
density in conirol cells during the druy incubatien (C:
control optical density, T: test optical density, To: optical
density at time zero). Differential growth inhibition was
designwted by & (Fig. 2), which was saleulated Trom tog
{1/ G ey~ ousnlogt 1/G 1) ] ey desoribed provivasly
In vive satitemer activity Tomor masses matniained in
nude mice were excised, cut into fragments (ca. 3-mm
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ciebes}, and itransplanted s.c. joto node mice. When the
estimated tumor volume (TV) in the mice had grown to
between 100 and 300 mm’, the animals were divided into
experimental groups of 8/cage and were treated L.v. with
a test drug every 4 days for a total of three doses. The TV
was calcudated from TV=LX W22 where L and W
represent the length and the width of the tumor mass,
respectively. After the first administration on day 0, the
TV and body weight of the mice were measured two or
three times a week for 26 days. Then the tumor masses
were cxcised and weighed. The rate of inhibition of
tumor growth on the basis of TV (IR} was calculated
from IR = (1 —RV./RV,} X 100, where RV, represents the
mean ratio of TV on day n o that on day 0 of a treated
group and RV, indicates that of the control group. The
largest value for IR was designated as IR,., which
indicates the greatest effect of each drug. The tumor
growth inhibition rate on the basis of tumor weight
(IR} was calculated from IR = (I ~TW /TW_) ¥ 100,
where TW, indicates the mean tumor weight of a treated
group and TW. represents that of the conirol group. IR,
was statistically analyzed using the Williaras-Wilcoxon
test {a nonparametric test). The rate of body weight
reduction (ABW) was calculated from ABW={i—
BW,/BW,) « 100, where BW, and BW, represent the
mean body weights of mice on day n and day 0, respec-
tively. The maximam value of ABW was designated as
ABW .

Topoisomerase I assay Topoisomerase I was prepared
from P388 cells by the methods of Ishii ef ¢l with
minor modifications as described elsewhere in detail.>®
Assay of topoisomerase T activity and calculation of the
concentration of cack test compound required for 50%
inhibition of fopoisomerase I activity (ICs) were per-
formed as previously described.®®

RESULTS

In vitro potency against a series of 32 malignant cell lines
The cytotoxicity of DX-B951f, SN-38, SK&F and CPT
againgt 31 human cancer cell lines, including breast
cancer, gastro-ntestinal cancer, lung cancer, ovarian
cancer and leukemia, and sgainst mouse leakemia P58
was assessed. DX-8951f showed strong antiproliferating
activity, and the mean Gis values against breast cancers,
colon cancers, stomach cancers, and lung cancers were
2.02 ng/mi, 2.92 ng/oy, 1.53 ng/mi, and 0.877 np/ml,
respectively (Table II). Comparing the mean Gl values
of the compounds, DX -8951f was about 6 times as potent
as BN-38, and about 28 tunes as potent as SK&F. DX-
89311 alsc showed superior cytoioxicity against human
ovarian cancer, leukemia, and mouse leukemia.

To confirm that the spectrom of anticellular activity of
3X-8951F was similar to that of SN-38, we also evaluated
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Table I In witro Cytotoxicity against a Series of 32 (el
Lines

SeN e,

Wy

Cell line

Breast

DyU4475 0.808 1.55 13.8 4.41
MCE.7 0.322 .64 3.01 1.98
MDA-MB-157 0.163 11 2.79 1.31
MDA-MB-231 8.74 35.3 211 45.6
MBDA-MB-361 2.52 7.56 263 18.1
MI3A-MB-415 3.64 4.32 i2.4 14.5
MDA-MB-4355 1.16 5.33 24.0 10.8
MDA -MB-468 0.328 136 7.73 5.45
SK-BR-3 0.518 1.94 39.5 10.3
Colon
HCT116 0.347 1.29 9.39 3.86
SK-C0-1 0.125 0.592 2.22 0.651
SW4R0 3.00 13.8 65.5 34,7
SWe20 0.375 1.78 5.86 3.41
T84 12.1 66.4 435 B6.1
Wil 1.55 6.82 37.3 6.06
Stomach
AGS 0.335 1.45 6.69 2.84
HS746T 4.47 10.2 57.6 26
MEKN2& 1.07 14.7 52.6 20.6
NUGC-3 (.240 0.841 5.39 2.66
Lung
AS549 0.914 14.9 45.5 5.69
BC-10 3,778 14.0 50.8 7.89
PC12 115 12.5 40.8 8.34
PC-13 0.368 1.76 8,47 4.04
PC-14 1.82 13.7 110 9.8
PC-6 0.269 0.828 3.19 1.53
BC7 1.43 2.98 28.2 i6.5
PC-9 4.324 2.43 it 4.22
QG906 0.844 3.23 19.6 119
Others :
CCRF-CEM (.382 0.901 4.08
K562 10.4 108 191
P388 0.728 2.91 12.7
HOC-21 5.80 32.8 124
Mean
Breast 2.02 6.57 64.1
Coton 2.92 15.1 92.5
Stomach 1.53 6,80 30.6
fung 0.877 7.37 353
Qthers 4.33 36.2 82.9
All 2.08 12.1 59.5

“Materials and Methods.”

the patterns of cytotoxicity of the drugs in terms of the
value of A that was caleulated from log(1/Gls) —mean
[log(1/GIsx)] (Fig. 2). The three camptothecin deriva-
tives had similar patterns.

Topoisemerase I-inhibitory activity In comparison with
CPT and the other CPT analogues, SN-32 and SK&F,
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48475 i
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cPT

45 -1 -6E 0

A

Fig. 2. Pattern of activity against a panel of 32 malignant cell Bnes. Gl was determined by MTT assay, as described in
“Materials and Methods.” A was calculated from log{1/Gis) —mean[log(1/GIx}]. A indicates the relative sensitivity of cach
cell line among the 32 cell lines. A cell line having a larger 4 value is more sensitive to the agent, and A O is the average

sensitivity.

DX-8951f was the most potent topoisomerase I inhibitor.
DX-8951f was about 3 times as potent as SN-38, and
aboat 10 times as potent as SK&F (Table HII}.

DX-8951f can overcome P-glycoprotein-mediated resis-
tance To investigate the effect of P-glycoprotein (Pgp)
overexpression on the cytotoxicity of DX-8851f, we
assessed the cytotoxicity of DX-8951f against a human
non-small cell lang cancer cell line, PC-6, and its variant,
PC-6/VCR, which was isolated from PC-6 by stepwise
selection with increasing VCR concentrations. Overex-
pression of Pgp was detected by Western blotting analy-
sis with anti-Pgp monoclonal antibedy C219 {data not
shown)}. Two independent experiments were done. PC-6/
VCR was 380 to 330 times as resistant to YCR, and 3
times as resistant to SK&F as PC-6 {Table IV). On the
other hand, Pgp overexpression had little or no effect on
the cytotoxicity of SN-38, DX-8951f and CDDP. We
also investigated the effect of verapamil on Pgp-overex-
pressing cells. Verapamil (5 ug/ml) was used with each

Agent a0 {pg/mi)
DX-8951f 0.973
SMN-38 2.71
SK&F 9.52
CPT 23.5

agent. Tt greatly sifedtad the cytotoxivity of VCR againgt
PCEAVER pells, and enbanced the oytotaxic ty of SK&F
by about twice. However, verapamil did not affect the
cytotaxicity of DX-RSRIE DX-8%%11 had s degree
of activity as the non-MDR agent CDDP againgt PC-6/
VCR.

Antitumor activity of DX-8951f against human tumor
xenograft As Table V shows, DX-8951f suppressed the
growth of human gasiric adenocarcinoma SC-6 xend-

779
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Exp. §

A VR (-} YR (3 )
Agent (Gl ng/mi Dogree oi (G ng/ml} Degree of)

PC6 TR vOR | emtemesT Boe ven  Tesmance
DX-8951f 0.0896 0.0690 0.8 0.179 0.182 1.0
SN-38 0.655 0.751 1.1 0.723 1.23 1.7
SK&F 1.73 4.36 2.3 2.20 $.37 2.9
VCR 0.284 107 380 0.215 114 530
CDDP 138 $9.0 0.5 113 93.5 0.83

a) Cells were exposed to each agent in the absence of verapamil.

&3 Cells were exposed to each agent in the presence of 5 ug/ml verapamil.

¢} {GLy for PC6/VOR)Y/ (Gl for PC-8) in the absence of verapamil.

d} (Gls for PC-6/VCR in the presence of verapamil)/(Gls for PC-6/VCR in the absence of verapamil):

Fable V. Antitumor Activity against Human Tumor Xenograft, Gastric Adenocarcinoma $C-6
Agent Total IR,,” ARW o No. of

{mgrkg} {93 (95} toxic deaths

DX-8951f 3.325 54 (12} 43 3.8 (6} 0/6

6.25 72 (14) 58* 2.6 (6} 0/8

12.5 2N T 58 (&) 0/6

25 95 {i7) Giy*e 7.0 (6 0/6

30 86 (17} g 12.5 (12) /6

CPT-11 i73 82 (i) 66 2.5 (6} 0/6

260 8% (17) 75 4.8 (6) /6

SK&F 26.6 49 (i4) 49% 164 (% 1/6

40 92 {14} g1 22.3 {8 3/6

@) Maximal tumor growth-inhibition rate calculated from the estimated tumor volume, numbers in
parentheses indicate the number of days after initial drug administration on which IR was reached.
&) Tumor growth-inhibition rate calculated from the tumor weight: % P<{0.01, %% P<0.001 as com-
pared with unireated controls.

¢} Maximal rate of body weight redaction, the numbers in parentheses denoting the day of ABW ..

grafted inte nude mice, When mice were treated v, with
DX-8951f three titnes at 4-day intervals, significant inhi-
bition of tumor growth was observed over a wide dose
range (3.325 mg/kg to 50 mg/kg of total dose) withoaot
toxic death. Hs antitumor activity was dependent on the
total dose, and at the highest dose of 50 mg/kg, the
tumor growth inhibition rate was 9292, while the inhibi-
tion rate of CPT-11 at around the maximum tolerated
dose {MTD), a total dose of 260 mg/kg, was 75%. The
tumor growth inhibition rate of SK&F was only 49% at
a total dose of 26.6 rag/kg, which was thought to be close
to the MTD,

DISCUSSION

In an investigation of water-solable and non-pro-drug

pound having an amino group and a flworine atom at
positions 1 and 5, respectively, It is more potent than
SK-38 or SK&F in terros of cytotoxicity. The superior
eficacy of D¥X-8951f has led to its becoming a candidate
for further development.

To determine the anticancer spectrum of DX-89514, its
anticellular activity against a serics of 32 malignant cell
tines was tested in vitro. The in vitro activities of DX-
89511 were stronger than those of the CPT derivative
$N-38, the active metabolite of CPT-11, or of SK&F,
and showed the smallest Gly values against all of the 32
cell lines wsed. This serids of 32 maliguant ceil linas was
used to test variowd Sdmpoorsls] and Shotlar patierns of
sensitivity were seen for compounds that had similar
chemical structures or mechanisms of action to those
found in the National Cancer Institute’s drug screening

CPT derivatives with strong antitumor activity, we have program™ {data are wot $hown). The gatters of .ivitry
succeeded 1u obiaining DX-8951f, a hexacyclic corn- of DIN-8951f was sivilind o that of SN-38, and DX-

T80
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89351f had strong topoisomerase I-inhibitory activity.
These data suggest that D2-8951f may have the same
mechanism of action as CPT-11.

It was reported that SK&F is subject to Pgp-mediated
resistance.”® ™ In our case, aithough the degree of resis-
tance was low, SK&F was considered to be affected by
Pgp, but SN-38 and DX-8951f were not. Overexpression
of Pgp has been commonly observed in colorectal carci-
noma.” In clinical triale CPFT-11 was active against
colorectal cancer™ but SK&F was not.*®? Though
there might be a considerable difference beween CPT-11
and SE.&F, we consider that overcxpression of Pgp is an
important factor influencing the response in patients with
colorectal cancer. DX-8951f was obviously less affected
by Pgp corupared o SK&F, and equally or less affected
compared to SN-38. Therefore, DX-8951f may exhibit
activity against Pgp-overexpressing tamors.

Three i.v. doses of DX-8851f administered at 4-day
intervals showed strong antitumor activity against
human gastric adenoccarcinoma SC-6 xenografts trans-
planted into uude mice. Although voth DX-8951f and
CPT-11 were significantly effective against SC-6, the
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The National Comprehensive Cancer Network (NCCN) has recommended Ado-trastuzumab emtansine (T-DM1) as a preferred agent
for patients with human epidermal growth factor receptor-2 (HER2)-positive metastatic breast cancer and prior trastuzumab therapy.
Overexpression of HER2 was reported in other cancer types such as bladder, gastric and urogenital carcinosarcomas similar to what is
discovered in breast cancer. Some preclinical studies demonstrated the potential anti-tumor effects of T-DM1 in HER2-positive non-
breast cancers. There is a paucity of data over the clinical evaluation of T-DM1 in human studies of non-breast cancer patients. We
review some preclinical and ongoing clinical studies that assessed the efficacy of T-DM1 administration in the treatment of non-breast
HER?2 positive malignancies. Performing large and well-designed trials in this area is matter of interest and highly recommended.

Keywords: Ado-trastuzumab emtansine, cancer, human epidermal growth factor receptor 2, recombinant humanized monoclonal
antibody



OnCusp
1980 of 14295 Ex. 1002

TS AN N TYENE
WNTRODUG TN

Overexpression of human epidermal growth factor receptor 2 (HER2) is reported approximately in 15-20% primary human breast
cancers.[1] HER2 and other member of HER superfamily, consist of tyrosine kinase receptors which have roles in the proliferation's
regulation and epithelial cells' survival.[2] HER2 is a proto-oncogene encoded by ErbB2 located on chromosome 17. It is one of the
members of HER family and has four plasma membrane-bound receptors of tyrosine kinases that transmit extracellular signals to
initiate cellular signaling pathways via mitogen-activated protein kinase, phosphoinositide 3-kinase, phospholipase C, protein kinase
C, and signal transducer and activator of transcription. Recently, there are some reports that HER2 is expressed in many tissues,
including the breast, gastrointestinal tract, kidney, and heart. It has been suggested that possession of HER2 lead to cell proliferation
and also apoptosis suppression. This irregularity induces excessive/uncontrolled cell growth and tumorigenesis.[3,4,5]

In the past, patients who suffer HER2-positive breast cancer had poor outcome;[$] however, after introducing trastuzumab, a
recombinant humanized monoclonal antibody that binds to the extracellular subdomain of HER2, the destinies have changed.[7] It is
worth noting that not all the patients take advantages of trastuzumab administration, approximately 15% of patients relapse after
treatment, indicating trastuzumab resistance eventually emerges in the patients. Several resistance mechanisms have been noted to be
responsible including changes in receptor—antibody interaction, induction of the downstream pathways due to increasing in signaling
from either other members of the HER family or other receptors, and finally constitutive activation of downstream elements.[%,%]

Resistance to trastuzumab as a HER2 receptor antagonist, causing concerns, and in recent years, great efforts were applied in
developing therapeutic agents to either potentiate the effect of trastuzumab or target cells which have become resistant to trastuzumab.

Ado-trastuzumab emtansine (T-DM1), is an antibody-drug conjugate, in which trastuzumab linked to the fungal cytotoxic agent,
mertansine. This agent was approved for the HER-positive metastatic breast cancer. Antibody-drug conjugate such as T-DM1 are
composed of antigen-specific antibodies bounds to cytotoxic agents in order to selectively transfer drugs to tumor cells and minimize
systemic toxicity.[18,11]

T-DM1 consists of the monoclonal antibody trastuzumab linked to a potent microtubule inhibitor (emtansine), leading to a targeted
delivery of chemotherapy agent to cells that overexpress HER2.[{Z]

A derivative of maytansine, emtansine (also known as DM1), is a cytotoxic agent that its mechanism of action is, microtubule
inhibition similar to vinca alkaloids. Off note, emtansine are more potent than vincristine and vinblastine in vitro and failed to show
therapeutic effect at tolerable doses.[13]

T-DM1 binds to the HER2 receptors, and makes the HER2 receptor and drug-antibody conjugate internalized via endocytosis. Inner of
cells, emtansine separates from the attached antibody by lysosomal degradation. Hence, emtansine binds to its target, tubulin, and
causes cell cycle arrest and apoptosis. The role of trastuzumab is targeted delivery of emtansine and inhibition of HER2 signaling
pathways.[$4,}5]
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T-DM1 has primarily been evaluated as a single agent in patients with metastatic HER2-positive breast cancer. There are several Phase

Afterwards, the Phase III clinical trial, trastuzumab emtansine for HER2-positive advanced breast cancer (EMILIA), was released.
This study was the only competed Phase III clinical study, in which T-DM1 administration was randomly compared to lapatinib plus
capecitabine in patients with HER2-positive, unresectable, locally advanced, or metastatic breast cancer who were previously treated
with trastuzumab and a taxane. The results were in favor of the positive effects of T-DM1 administration in overall survival and

The National Comprehensive Cancer Network has recommended T-DM1 as a preferred agent for patients with HER2-positive
metastatic breast cancer and prior trastuzumab therapy.[21]

According to promising and hopeful results of T-DM1 administration in patients with HER2-positive metastatic breast cancer, this
agent attracts attention in using in other HER2-positive non-breast cancers. New investigation unleashed the presence of HER2
receptors in other malignant organs such as bladder, gastric, and urogenital carcinosarcomas.

In this article, we reviewed the available published data from preclinical and clinical trials over the use of T-DM1 in HER2-positive
non-breast cancers. This review focuses on encouraging researchers and clinicians to perform future investigation in this era.
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One of the most frequent and fatal human malignancies all over the world is gastric cancer.[22] Since it is asymptomatic in
preliminary phase, many patients suffered from gastric cancer are diagnosed when cancer develop beyond curative strategy. By recent
development in molecular biology of HER2 and analyses in genomics and proteomics finding, it has now been discovered that HER2
is implicated in other severe forms of cancer, especially gastric cancer.[23] The frequency of HER2-positive overexpression in gastric
cancer estimated around 20% and is associated with poor clinical outcome.[73] Hence, inhibiting the HER family signal transduction
is likely contribute to improved survival of patients surfed from gastric cancer.

One of the milestone studies over the use of anti-HER2 antibody in the treatment of gastric cancer is trastuzumab for gastric cancer
(ToGA) study.[24] ToGA was an open-label, international, Phase III, randomized controlled trial undertaken in 122 centers worldwide.
In this study, patients with gastric or gastro-esophageal junction cancer who have overexpression of HER2 protein were included.
Participants were randomly assigned to receive a standard chemotherapy regimen or chemotherapy in combination with intravenous
trastuzumab. The ToGA trial is a landmark in the treatment of gastric cancer, since following the successful completion of the study,
trastuzumab, in combination with chemotherapy, approved for this indication. Results showed that median overall survival was 13-8
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months (95% confidence interval [95% CI] 12—-16) in those received trastuzumab plus chemotherapy compared to 111

survival in trastuzumab administrated group, led to the guidelines recommendation that HER?2 testing should be routinely performed in
patients with metastatic or recurrent gastric cancer.[25] Due to promising results by trastuzumab combination therapy in HER2-
positive gastric cancer, consequently T-DM1 became the corn stone of consideration.

In gastric cancer, T-DM1 has been evaluated in several preclinical, ir vitro and in vivo, HER2 positive cell culture.[2£,27] For the first
vitro study, four HER2-positive gastric cancer cell lines including (N-87, OE-19, SNU-216, and MKN-7) were applied. Results
showed that except in SNU-216 cells, T-DM1 has superior inhibitory activity against cancer cells in comparison to trastuzumab. Ir
vivo study, using same cell lines in xenograft tumors, similar positive antitumor effects was found by T-DM1. In this study, T-DM1 has
a promising antitumor effect in HER2-positive gastric cancer cell lines by direct effects including apoptotic cell death and improper
mitosis as well as antibody-mediated cellular cytotoxicity, even in tumors which had developed resistance to trastuzumab.

In another preclinical study, T-DM1 as a single agent showed statistically significant antitumor activity in three HER2-rich expression
tumor models evaluated (NCI-N87, SCH and 4-1ST). In addition, the combination of T-DM1 and pertuzumab, a HER2 dimerization
inhibitor, in xenografted gastric tumors induced significant tumor regression. The possible mechanisms involved in tumor regression
of combination treatment are enhancement of antibody-dependent and increase in cellular cytotoxicity by AKT, v-akt murine thymoma
viral oncogene homolog 1, and signal inhibition.[27]

Nowadays, in a clinical trial which is underway, the efficacy and safety of T-DM1 compared with standard taxane therapy in patients
with HER2-positive advanced gastric cancer was examined.[28] In this multicenter, randomized, adaptive Phase II/III study, patients
will be randomized to one of the three arms, 3.6 mg/kg T-DM1 every 3 weeks, 2.4 mg/kg T-DM1 every week, or taxane therapy
(docetaxel or paclitaxel per investigator choice), for at least four cycles (12 weeks). Patients will receive study protocol treatment until
disease progression, unacceptable toxicity, or withdrawal. Considered endpoints of the study are overall survival, progression free
survival, duration of response, and time to gastric cancer symptom progression, as well as safety.

Using T-DM1 in HER2-positive gastric cancer is in infancy, lots of well-designed randomized control trials must be handled to clarify
the real indication, proper doses, and duration of treatment by this agent.

HITAR CHITARNSIND 1IN HUMAN FOINDIRDAAL SAISOETH FASTOR REOSOOTOR &
MAH EHTANSIAT IN HUMAN EMDERMAL GROFTH FASTOR RECEPTOR 3~
SERY N & RSO DEY

\~§“§\ %&A&‘\\c&?\

Urothelial bladder carcinoma is a major global health concern responsible for 165,000 deaths annually. Over the two past decades,
there has been no statistically significant improvement in 5-year patients' survival rates for locally advanced and metastatic condition.
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cancers. HER2 amplifications were detected in 9% of bladder cancer specimens.[3{] It has been suggested that having HER2

Furthermore, identifying of HER2 mutations and the role of this pathway in bladder carcinogenesis is desirable. More heavily reason
back to the use of anti-HER2 agents, (e.g., trastuzumab, lapatinib, ado-trastuzumab emtansine, and pertuzumab) in the bladder
carcinoma's treatment.

trastuzumab, carboplatin, gemcitabine, and paclitaxel in advanced urothelial carcinoma with HER2 over-expression were evaluated.
These patients achieved a remarkable response rate of 70% (31 out of 44 patients; 5 complete responses, and 26 partial responses), and
a median time to progression and overall survival of 9.3 and 14.1 months, respectively. The primary end point of the study was cardiac
toxicity that was higher than projected.

Today, it is believed that novel strategies targeting HER2 lead to outcomes of HER2 positive bladder cancer's improvement. An
encouraging preliminary study was designed by the aim of evaluating the effect of T-DM1 compared to trastuzumab in different cell
lines and xenograft models of HER2 over expressing in bladder cancer. In this study, RT4V6 cell line was used as a highest HER2
expressing bladder cancer cell line. In comparison to trastuzumab, T-DM1 showed higher growth inhibition. T-DM1 made apoptosis of
RT4V6 cells after G2/M arrest on cell cycle analysis. The most interesting finding was that HER2 expression was higher in cell lines
with acquired cisplatin resistance's cell line. Moreover, in an orthotopic bladder cancer xenograft model, tumor growth of cisplatin
resistant cells, RT112, was significantly inhibited by T-DM. These inhibitory effects are suggested to be via the induction of apoptosis
compared to treatment with control IgG or trastuzumab.[33]

Taken together, although there is a paucity of data around the administration of HER2-possitive bladder cancer, but when we want to
looking for emerging strategy, in bladder cancer treatment, targeting this pathway must be considered. However, T-DM1 showed
promising antitumor effects in preclinical models of HER2 over expressing bladder cancer, but running several well-designed clinical
trial is warranted to prove the potential positive effects of T-DM in affected patients.

Carcinosarcoma, also characterized as malignant mixed Miillerian tumors, are one of the rarest and challenging tumors among all
gynecological malignancies. These tumors compromise in any genital tract anatomical organs of the female body such as
endometrium, ovary, cervix, vulva, vagina or fallopian tube. But among that, endometrium is the most common affected site.

On the other hands, uterine sarcoma accounts for 3—5% of all corpus uteri malignancies with an incidence in the United States of 1—
4/100,000 women. On the other hands, ovarian carcinosarcoma has a worse prognosis than uterine carcinosarcoma, with a median
survival rate of 832 months and recurrence rates of 50-100%.[34,35]
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This high rate of tumor recurrence, resistance to therapy, and the poor median survival of patients suffered from carcinosarcoma
propose a need to identify more effective treatment modalities. By identifying carcinomatous component-induced tumor growth, it is
suggested that therapeutic interventions targeting cellular pathways that drive epithelial cell proliferation may potentially be beneficial
against these kind of tumor. It has been reported that HER2/neu is overexpressed and amplification in uterine carcinosarcoma ranged

Having HER?2, raising the possibility that anti-HER?2 therapies may be an effective modalities in the treatment of carcinosarcoma.

For the first time, English ez al.[3§] evaluated the T-DM1 against HER2-positive uterine serous carcinoma in vitro followed by
developing a supportive carcinosarcoma iz vivo model.

In this study, fifteen primary uterine serous carcinoma cell lines were assessed for HER2 protein expression by the aim of
immunohistochemistry and flow-cytometry. They found that near 33% of uterine serous carcinoma were positive for HER2 gene
amplification and protein overexpression. In vitro, T-DM1, and trastuzumab cytostatic and apoptotic activities were evaluated by flow-
cytometry-based proliferation assays and showed that T-DM1 was notably more effective than trastuzumab in inhibiting cell
proliferation and inducing apoptosis in HER2 overexpression's cell line. Moreover, in mice model, T-DM1 treatment led to highly
reduction in tumor size and longer survival comparing to trastuzumab and control group. Furthermore, T-DM1 showed effective
antitumor activity in both xenograft and cell lines models. It may represent a novel treatment option for HER2-positive uterine serous
carcinoma patients with disease refractory to trastuzumab and traditional chemotherapy.

The positive effects of T-DM1 against primary HER2 positive and HER2 negative carcinosarcoma cell lines were documented in
another report. Nicoletti et al. in 2015,[37] in a similar experimental study noted that T-DM1 was dramatically more effective than
trastuzumab in inhibiting cell proliferation and in inducing G2/M phase cell cycle arrest in the HER2 expressing cell lines in vitro and
in vivo.

According to new and promising finding from these two study, we can conclude that T-DM1 at least may represent a novel treatment
option for the subset of HER2 positive carcinosarcoma patients with disease refractory to chemotherapy. Although these results must
be reconfirm in several well-designed clinical studies.

Antibody-mediated therapy for the treatment of various human malignancies has proved efficacy in the past 30 years, and it is now
one of the most successful strategies for targeted treatment of patients suffering from hematological malignancies and solid tumors.
[38]

Not so far days, when trastuzumab, as a recombinant humanized monoclonal antibody, has been introduced to HER2 positive breast
cancer treatment, hope opens door for these group of poor prognosis cancers. But todays concerns were raised along to trastuzumab
resistance that was induced by malignant cells. Furthermore, resistance to HER2-directed therapies remains a challenge.[&] Evidence
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suggests that combinations of HER2-directed agents by other cytotoxic ones may show additive or synergistic effects and lead to

By developing the antibody—drug conjugates technique, the opportunity came up to take advantage of selectively delivery of potent
cytotoxic drugs by monoclonal antibodies to antigen-expressing tumor cells.

Base on the success results from experimental studies, recently, Food and Drug Administration was approved brentuximab vedotin

The clinical studies demonstrated that T-DM1 is associated with improved efficacy and safety compared with traditional
chemotherapy. Several clinical trials showed the beneficiary effects of T-DM1 in the HER2-positive metastatic setting and in patients
with prior exposure to trastuzumab and lapatinib.[4{]

The use of T-DM1 in other malignances with HER2 overexpression and gene-amplification except than breast cancer is of key interest.
New technical development has demonstrated that HER2 overexpression is seen in some other malignancies such as gastric cancer,
bladder cancer, uterine and ovarian carcinosarcomas. It has suggested that up to 20%, 9%, 30% of gastric, bladder, and uterine
carcinosarcomas, respectively, overexpress HER2 and is associated with significantly worse outcomes.[23,31,34] In comparison to
HER? positive breast cancer by near 30% overexpression,[5] these quantities are large enough to be considering in treatment
modalities.

By developing the new concern around trastuzumab resistance and on the other hand, documented efficacy of T-DM1 as better
therapeutic option, T-DM1 is now in the spotlight.

This review has discussed just some of the limited data showing the preclinical benefits of T-DM1 for treating HER2-positive non-
breast cancer. All in vitro and in vivo study confirmed that T-DM1 administration led to prolonging overall survival and progression-
free survival. Hence, by considering these promising results, it is time to assessed clinical responses by designing Phase I/II clinical
trials. If future clinical results can demonstrate the similar results as preclinical data, then new era in the treatment of any HER2-
positive non-breast cancer and survival prolongation will be created.

In March 2011, based on the results of the ToGA trial,[Z4] trastuzumab was intensively approved in gastric cancer. The introduction of
trastuzumab made new term in gastric cancer entitled “HER2-positive gastric cancer,” similar to HER2-positive breast cancer. This
discovery gives us a clue that HER2-positive non-breast cancers are developing and identifying. Finding new agents for treatment of
them are important future issues.

As an example, new advancing in the knowledge of urothelial carcinoma pathophysiology and underlying molecular mechanisms
showed the most relevant molecular pathways that might demonstrate therapeutic potential.[34] The most important relevant
overactive signaling networks are fibroblast growth factor receptor, PI3K/AKT/mTOR, and HER2. Any development in identifying
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the signaling networks on each cancer types leads to use of another possible effective treatment modality in the future. Furthermore, if
clinical trials reach to same prominent results as we reviewed. In the near future, we will see the routine use of trastuzumab conjugated
agents such as T-DM1 in chemotherapy regime of other HER2-positive non-breast malignancies.

We strongly recommend managing well-designed control trials to clarified future additional data, over the more precise number and
roles of HER2 receptors as a therapeutic target in HER2-positive non-breast malignancies. We need to know many details about the
best administrated regime in HER2-positive non-breast malignancies. While we are in the beginning of way and it is soon for any
important decision.
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TROP2 expression as prognostic marker for gastric
carcinoma
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To improve the distribution of the novei camptothecin analog DX-8951, DE-310, which is composed of
DX-8951 covalently linked to a macromolecular carrier by a peptidyl (GGFG) spacer, was designed to
exploit the Enhanced Permeability and Retention (EPR) effect. To compare the pharmacokinetics of a
single dose of DE-310 with that of DX-8951f in Meth A tumor-bearing mice, the concentrations of
conjugated DX-8951 (carrier-bound DX-8951), released DX-8951, and glycyl DX-8951 (G-DX-8951)
were determined in plasma, liver, and tumor tissue. The concentrations of conjugated DX-8951 in
tumor tissue were lower than those in plasma, with an AUCy iy of 1/6 that of plasma; however, the
AUCq_ i of released DX-8951 in tumor tissue was 30 times greater than that in plasma. The half-life
{ti2) of conjugated DX-8951, released DX-8951, and G-DX-8951 in plasma, liver, and tumor tissue
were 2-3 days. In contrast, after administration of %C-DX-8951f, the radioactivity in tumor tissue de-
creased in parallel with the decrease in plasma concentrations, with a tyz0.0e3-3 ) 0f 0.6 h. These data
show that higher levels and longer retention of conjugated DX-8951 and released DX-8951 occur in
tumor tissue after the administration of DE-310 to Meth A tumor-bearing mice. These results indicate
that DE-310 improves the pharmacokinetic profile of DX-8951f, particularly, its ability to target tumor
tissue.

— -.wmxmmw@ﬂzxgg

1. Introduction

DX-8951f, ([15,95]-1-amino-9-ethyl-5-fluoro-1,2,3,9,12,15-
hexahydro-9-hydroxy-4-methyl-10H,13 H-benzol[de]-pyra-
nof3',4’:6,7]-indolizino[1,2-b]quinoline-10,13-dione mono-
methanesulfonate dihydrate: exatecan mesylaie), is a
water-soluble hexacyclic camptothecin derivative, synthe-
sized by Daiichi Pharmaceutical Co., Ltd. DX-8951f de-
monstrates greater in vitro anti-tumor activity against a
broader spectrum of tumors than other clinically relevant
camptothecin analogues such as SN-38, topotecan, and
camptothecin itself (Mitsui et al. 1995). Phase III clinical
studies on DX-8951f are in progress in the US and Eu-
rope. A major dose-limiting toxic effect has been observed
after administration of this compound, myelosuppression,
in particular neutropenia and thrombocytopenia (De Jager
et al. 2000). Although DX-8951f has shown clinically sig-
nificant and beneficial anti-tumor effect in patients, be-
cause of its toxic effects, a great safety margin is required.
The therapeutic index of DX-8951f is compromised by
two factors common to most anticancer agents, toxicity
and resistance. Thus, to improve its specific delivery to
tumors and to decrease its dose-limiting myelotoxicity, a
drug-polymer conjugate has been developed. Preparation
of such a delivery system is an aftractive means of re-
ducing systemic toxicity while specifically delivery more
drug to the tumor because this system can exploit the en-
hanced permeability and retention (EPR) effect (Matsu-
mura and Maeda, 1986). As shown in Fig. 1, DE-310 is

374

composed of DX-8951 covalently linked to a macromole-
cular carrier (carboxymethyldextran polyalcohol, CM-Dex-
PA) by a peptidyl (GGFG) spacer (Inoue et al. 2003). It
has an approximate molecular weight of 300 kDa. Com-
pounds with high molecular weight are thought to restrict
uptake of the conjugate specifically into tumor during the
process of endocytosis (Duncan etal. 1981), and conse-
quently these conjugates display a lower volume of distri-
bution and longer plasma half-life than their correspond-
ing free drugs. DE-310 releases DX-8951 and glycyl-DX-
8951 (G-DX-8951) in both tumor and normal tissue, In

HO ]%
T
L£obNa " g
A,
"
™
2 o
[ ¥ ooy CM-Dex-PA Carrier
w ) )
HO g
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Fig. 1: Partial chemical structure of DE-310
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this study, the pharmacokinetic properties of DE-310 were
evaluated in Meth A tumor-bearing mice and were com-
pared with those of DX-8951f and G-DX-8951.

2, Investigations and results
2.1. Pharmacokinetics of DE-310

DE-310 was intravenously administered at a dose of
5.7 mg equivalent to DX-8951/kg to Meth A tumor-bear-
ing mice (n =5). At4and 8h, 1, 2, 3, 7, 10, 14, and 21
days after administration, blood, tumor, and liver were col-
lected and concentrations of conjugated DX-8951, re-
leased DX-8951, and G-DX-8951 were determined. The
conjugated DX-8951 concentration in tumor and liver tis-
sue reached its maximum concentration (Cyayx) at 24 h and
4 h after administration, respectively. Thereafter, plasma
and tissue coneentrations declined with a ¢y of 2—3 days.
Table 1 shows the ratio of the conjugated DX-3951
AUCqy_jy¢ for the 3 tissues examined. The rank order of
these ratios to tumor tissue was plasma (6.32) > tumor
(1.00) > liver (0.34). Similarly, DX-8951 and G-DX-8951
concentrations in tumor tissue reached the Cpx at 24 h
after administration; however, those in liver reached the
Crmax at 8 h after administration. As shown in Table 1, the
rank order of DX-8951 AUCy_jy ratios to tumor tissue
was tumor (1.00) > liver (0.34) > plasma (0.03); the rank
order of the G-DX-8951 AUCq_jr was liver (1.06) > tu-
mor (1.0) > plasma (0.06). These results indicate that
polymer-conjugated DX-8951 is preferentially taken up by
tumor tissue rather than liver.

2.2. Pharmacokinetics of **C-DX-8951f

MC.DX-8951 (Fig. 2) was intravenously administered at a
dose of 6 mg/kg to Meth A tumor-bearing mice (n = 4).
At 5, 30 min, 1, 3, 8, and 24 h after administration, blood
samples, and the tumor, and liver were collected from
each mouse, and the amount of radioactivity in each tissue
was determined. As Fig. 3 shows, after administration of
14C.DX-8951, the amount of radioactivity in the plasma,
tumor, and liver decreased rapidly, with a ty@.083-3n) of
0.6 h. The apparent terminal elimination half-life, t;» (Az),

Table I: AUCy_j,r ratios (tissue/tumor) of conjugated DX-
8951, released DX.8951, and G-DX-8951 in plasma,
liver, and tumor after a single intravenous adminis-
tration of DE-310 to Meth A tumor-bearing mice
(equivalent to 5.7 mg DX-8951/kg)

Tissue Conjugated DX.8951 DX-8931 G-DX-8951
Plasma 6.32 0.03 0.06
Tumor 1.00 1.00 1.00
Liver 0.34 0.34 1.06

+ CHZ804H- 2H,0

Fig. 2: Chemical structure and labeled position of 'C-DX-8951F
*#: J4C-labeled position
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Fig. 3: Radioactivity concentration in plasma, tumor, and liver after a sin-
gle intravenous administration of '%C-DX-8951f at a dose of
equivalent to 6 mg DX-8951/kg to Meth A tumor-bearing mice.
Each point with a bar represents the mean + 8.D. for four mice

Table 2: Pharmacokinetic parameters of radioactivity after a
single intravenous administration of “C-DX-8951 to
Meth A tumor-bearing mice (equivalent to 6 mg DX-

8951/kg)
Tissue Cinaz AUCo.ins
(ng/mk or g) Ratio to tumor (ng - k/mL or g) Ratio 1o mor
value value
Plasma 4070 1.8 4960 0.84
Tumor 2300 1.0 5870 1.0
Liver 27000 12 42900 7.3

of radioactivity was 7.8—17 h in plasma and tissues (data
not shown). Radioactivity concentrations in tumor tissue
reached its maximum at 30 min after administration, and
decreased rapidly thereafter. The Cpyy and AUCq_jur of
radioactivity in the plasma was 1.8 and 0.84-fold of those
in tumor, respectively (Table 2). The Cuax and AUCy_ins in
liver were 12 and 7.3-fold of those in tumor, respectively.
The rank order of radicactivity AUCg_ins ratios to tumor
tissue was liver (7.3) > tumor (1.0) > plasma (0.84).

2.3. Pharmacokinetics of G-DX-8951

G-DX-8951 was intravenously administered at 6 mg/kg to
Meth A tumor-bearing mice (n=4). At 5, 30 min, 1, 3,
6, 10, and 24 h after administration, blood samples,
tumor, and liver were collected from each mouse and
concentrations of G-DX-8951 and released DX-8951
from G-DX-8951 were determined. Fig. 4 displays mean
concentration versus time profiles of G-DX-8951 and
DX-8951. Cpmax and AUCy_jyr calculated from mean con-
centration are shown in Table 3. At 5 min after admin-
istration, G-DX-8951 concentration reached its maximum
in plasma, tumor, and liver. G-DX-8951 concentration
declined in a bi-exponential manner showing a rapid dis-
tributive phase (—1h) and a relatively slower elimination
phase in all samples collected. The apparent terminal
elimination half-life, t)» (Az), of G-DX-8951 was 3.7—
11 h in tissues (data not shown). In tumor tissue, G-DX-
8951 concentration declined slowly in comparison to
those in plasma and liver. The rank order of G-DX-8951
AUCy_ins ratios to tumor tissue was liver (6.6) > tumor
(1.0) > plasma (0.48) (Table 3). Similarly, DX-8951 con-
centrations declined more slowly in tumor tissue than in

375
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Fig. 5: Tumor targeting of DE-310 by EPR effect

Fig. 4: Concentrations of G-DX-8951 and DX-8951 in plasma, liver, and
tumor tissue after a single intravenous administration of G-DX-
8951 at a dose of 6 mg/kg to Meth A tumor-bearing mice. Each
point with a bar represents the mean + S.D. for four mice.
—— G-DX-8951 (Plasma), —6— DX-8951 (Plasma), —@— G-DX-
8951 (Tumor), —5— DX-8951 (Tumor), —&— G-DX-8951 {Liver),
—A— DX-8951 (Liver)

Table 3: Pharmacokinetic parameters of G-DX-8951 and
DX-8951 after a single intravenous administration
of G-DX-8951 te Meth A tumor-bearing mice

(6 mg/kg)
Analyte Tissue Crmax AUCo. s
{ngfmL Ratio o {ng - 'mL Ratio 10
or g) tumeor value or g) tumor value
G-DX-8951 Plasma 3740 2.1 1760 0.48
Tumeor 1780 1.0 3640 1.0
Liver 26000 15 24200 6.6
DX-8951 Plasma 7.00 2.2 6.32 031
Tumor 3.19 1.0 20.7 1.0
Liver 68.3 21 116 5.6

plasma or liver. The rank order of DX-8951 AUCy.inr
ratios to tumor tissue was liver (5.6) > tumor (1.0) >
plasma (0.31) (Table 3).

3. Discussion

Polymeric therapeutics afford the opportunity to inactivate
the bound cytotoxic drug during transport to the tumor
and thus reduce non-specific toxicity, restrict cellular up-
take to the endocytic route and therefore improve tumor
targeting by the EPR effect. DE-310 has verified this con-
cept in animals (Fig. 5). CM-Dex-PA carrier was designed
as high molecular weight, which is critical in determining
the clearance of the polymer itself from the systemic cir-
culation. The data in this study showed that high levels
and prolonged retention of conjugated DX-8951 and re-
leased DX-8951 were observed in tumor tissue after the
administration of DE-310 to Meth A tumor-bearing mice.
These results indicate that DE-310 improved the pharma-
cokinetic profile of DX-8951f particularly regarding its
ability of targeting to tumor tissue and resulted in a super-
ior anti-tumor efficacy with a high therapeutic index after
administration of DE-310 (Kumazawa etal. 2001). The
concept of polymeric anticancer agents has been estab-
lished clinically in the form of the N-(2-hydroxypro-
pyDmethacrylamide (HPMA) copolymer conjugates con-
taining doxorubicin (PK1) (Vasey etal. 1999). This
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conjugate displays tumor selective disposition in animal
tumors (Seymour et al. 1994), and at the cellular level it is
intemalized via the endocytic route. The conjugate is inac-
tive, hence non-toxic, and attachment of doxorubicin to
the HPMA copolymer backbone via a peptidyl spacer
mediates release intratumorally by the lysosomal thiol-de-
pendent protease. DE-310 anti-tumor activity is signifi-
cantly higher than that seen for DX-8951 in many animal
tumor models, particularly in solid tumors where the EPR
effect is operative (Kumazawa et al. 2001). The anti-tumor
activity of G-DX-8951 is moderate in comparison to that
of DX-8951f, however, G-DX-8951 is one of the major
metabolite released from DE-310. Therefore the pharma-
cokinetic profile of G-DX-8951 should be investigated as
well as DX-8951f. G-DX-8951 concentrations in tumor
and liver showed the prolonged half-life rather than that
observed in case of DX-8951f Thus the difference of
elimination manner from tissue was observed between
these two released compounds. The results of toxicologic
studies on mice and dogs suggested that DE-310 has no
critical toxicity other than that of DX-8951f alone (Inoue
et al. 2003). Phase I clinical study of DE-310 is now on
going in US and Europe. The decreased myelotoxicity due
to DX-8951 as seen in animals is also expected clinically
in Phase I trials.

4. Experimental
4.1. Chemicals

DE-310, DX-8951 mesylate (DX-8951f), and G-DX-8951 were synthe-
sized by Daiichi Pharmaceutical Co., Ltd. (Tokyo, Japan). “C-DX-8951f
was synthesized by Daiichi Pure Chemicals Co., Ltd (Tvaraki, Japan). The
specific radiocactivity was 3.14 MBqg/mg, and the radiochemical purity was
98.5% throughout the study. The chemical structure and labeled position
are shown in Fig. 2. DW-8579 (Ca3HaeNiFO4) and D91-7117 (CaoHaaN3g)
were alse synthesized by Daiichi Pharmmaceatical Co., Ltd.; these com-
pounds were used as internal standards (IS) for the determination of DX-
8951 and G-DX-8951 concenteations during DE-310 and G-DX-8951 phar-
macokinetic studies, respectively. All other chemicals were of analytical-
reagent grade.

4.2. Animals

Murine Meth A fibrosarcoma cells (I x 10° cells/0.1 mL/mouse) were sub-
cutaneousky transplanted into 5 week-old BALB/c mice. Fumor size was
measured on the day of administration (actual measured tumor size range:
20.9-23.9 mum).

4.3. Pharmacokinetic study on DE-310 in Meth A twmor-bearing mice

DE-310 was intravenousty administered at a dose of 5.7 mg equivalent to
DX-8951/kg 1o Meth A tumor-bearing mice (n=5). At 4 and 8 h, and at
1, 2, 3, 7, 10, 14, and 21 days after administration, blood was collected
from the abdominal inferior vena cava under ether anesthesia.
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4.4. Pharmacokinetic study on *“C-DX-8951 in Meth A tumor-bearing
nrice

MCDX-8951 and non-labeled DX-8951f were dissolved in 5% glucose
solution. The pH of the solution was adjusted to 3-4 with 0.1 N
hydrochloric acid. This solution was further diluted with the 5% glucose
solution to prepare a test solution with a concentration equivalent to
1.2 mg DX-8951/mL. The specific radicactivity of the test solution was
2.06 MBa/mb.. A 6 mg equivalent to DX-8951/kg dose of MC-DX-8951
was intravenously administered 1o Meth A tumor-bearing mice (n = 4). At
5, 30 min, and at 1, 3, 8, and 24 h after administration, blood was col-
Iected from the abdominal inferior vena cava under ether anesthesia.

4.5. Pharmacokinetic study on G-DX-8951 in Meth A tumor-bearing
mice

G-DX-8951 was intravenously administered at 6 mg/kg to Meth A tumor-
bearing mice (n=4). At 5, 30 min, and at 1, 3, 6, 10, and 24 h after
administration, blood was collected from the abdominal inferior vena cava
under ether anesthesia _

4.6. Tissue sample isolation procedures

The blood samples were centrifuged (1,700 x g for 10 min at 4°C) to
collect the plasma. After blood collection, the liver and the tumor from
each mouse were collected. To each mouse liver and tumor, purified water
{1 mL water per 0.35 g tissue) was added and the tissues were homoge-
nized. Each homogenate was stored at —20 °C until extraction.

4.7. Measurement of conjugated DX-8951, DX-8951, and G-DX-8951
concentrations

The measurement method below was used in the phanmacokinetic study on
DE-310 in mice. The analytical method to measure conjugated DX-8951
has been validated over a range of 0.11-279 ug/mkL. or g, and the analyti-
cal method for DX-8951 and G-DX-8951 has also been validated over a
concentration ranges of 0.286—46.2 ng/mi. or g for DX-8951 and 0.297-
48.0 ng/mL or g for G-DX-8951. All the methods have sufficient intra-day
and inter-day accuracy and precision. To determine ihe concentration of
conjugated DX-8051, 300 pL of CH3OH/phosphate buffer (80/20, v/v,
pH 8.7) was added to a 50 uL aliquot of each plasma or tissue homoge-
nate. After the samples were mixed thoroughly, each sample was ceniri-
fuged (22,000 x g for 10 min), 100 pL of supernatant was transferred to a
fresh separate tube and 2 mg of thermolysin in 200 pl. of a 0.1 M Tris-
HCI (pH 8.5%/0.1 M CaCl, buffer (1/1, v/v) was added to each tube, which
were then incubated at 50 °C for 2 h. After incubation, the reaction was
stopped by adding 300 L of a 0.5 N HCI/CH;CN (1/1, v/v) solution, and
10 nL of each processed sample was separately loaded onto an HPLC with
fluorescence detector (Hitachi; Fokyo, Fapan). The HPLC conditions were
as follows: Column: Inertsil ODS-2 (6.0 mm LD. x 150 mm, 5 pm; GL
Science; Tokyo, Japan); Column temperature: 45 °C; Mobile phase: A,
0.1% (v/v) wifluoreacetic acid (TFAYCH.OH/CH;CN (12/2/1, viviv), B,
CH3OH/CH;CN (2/1, v/v);, Flow rate: 1.0 mEJmin; Detection: Ex,: 365 nm,
Em.: 445 nm; Gradient program: [Time {(min)/B (%)]: 0/30 — 10/30 — 12/
50 — 15/50 - 15.1/70 — 20/70 — 25/30. To determine the concentrations
of DX-8951 and G-DX-8951, 100 ul. of HsO and 50 uL of the internal
standard (DW-8579) in 1 mL of 1 N HCHCH.OH (1/99, v/v) were added
10 2 200 pL of each plasma or tissue homogenate. After the samples were
mixed thoroughly, they were centrifuged (22,000 x g for 5 min), and all of
each supernatant was transferred to fresh separate tubes. The samples were
evaporated to dryness under a stream of nitrogen and reconstituted in
300 Wl of 18% CHiCN/S0 mM phosphate buffer (pH 3.0, v/v). Each re-
constituted sample was centrifuged (22,000 x g for 5 min) again. One hun-
dred microliters of each supematant was separately loaded onto the HPLC.
The HPLC conditions were as follows: Column: Inerisil ODBS-2 (6.0 mm
LD, x 150 mm, 5 pm); Column temperature: 45°C; Mobile phase: A,
0.1% (v/v) uifluoroacetic acid (TFAYCH;OH/CH;CN (121211, vivivy, B,
CH3;O0H/CH;CN (2/1, viv), Flow rate: 1.0 ml/min; Detection program:
Ex.: 365 nm, [Time (min}Em. (nm)]: 0/650 - 10/445 -~ 31/600 — 40/
600; Gradient program: [Time (min)/B (%)]: 0710 — 22/10 — 34/70 — 35/
10 — 40/10.

4.8. Measurement of radioactivity

A portion of each plasma sample was mixed with about 10 mL of the
tiquid scintillator Aquasol-2 (Packard BioScience Co.; Meriden, CT) to
measure the amount of radioactivity. A small portion (1090 mg)} of each
liver was collected and separately dissolved in §.5 mi of the tissue solubi-
lizer Soluene-350 (Packard BioScience Co.) by heating at 55°C for 12 h.
After dissolution, approximately 10 mE. of the liquid scintillator Hionic-
Fluor (Packard BioScience Co.) was added to each dissolved homogenate
to measure the amount of radioactivity.
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4.9. Measurement of G-DX-8951 and DX-8951 concentration

The measurement method below was used in the pharmacokinetic study of
G-DX-8951 in mice. The analytical method for DX-8951 and G-DX-8951
has been validated over concentration ranges of 0.150-500 ng/mL in plas-
ma, and 0.577—-1920 ngfg in liver and tumor. This method has sufficient
intra-day and inter-day accuracy and precision. Two hundred microliters of
each plasma sample and 500 uL of each liver and temor homogenate were
used. An aliquot of 0.1% (v/v) TFA/CH30H (60/40, v/v) and 10 ng/mL of
the IS (D91-7117) was added to each sample. An 80 pl. aliquot of 1 mol/L.
HCI was then added, mixed thoroughly, and each sample was allowed to
stand for about 3 min. A 2mL aliquot of 10 mmol/l. phosphate buffer
(pH 7.4) was then added, and the samples were mixed and centrifuged
(1,700 x g for § min). Each supernatant was then loaded onto solid-phase
extraction cartridge (OASIS® HLB cartridges, 60 mg/3 mL; Waters; Mil-
ford, MA) in a 25% (v/v) CHiOH solution, and then eluted with 1 mL of
1 mol/. HC/CH>0H (1/99, v/v}). The elutes were evaporated to dryness
under 2 stream of nitrogen and reconstituted in 0.3 mL of 0.1% (v/v) TFA/
CH;0H (60/40, v/v). Each sample was transferred to a separate Ultra-
free®-MC (30,000 NMWL Filter Unit; Millipore; Bedford, MA} and cen-
trifuged (15,000 x g for 20 min). Each filirate was then loaded onto an
LC/MS/MS system API 3000™ (PE SCIEX and Agilent 1100 serics
(Agilent; Waldronn, Germany). The LC/MS/MS conditions were as fol-
lows: Ionization: ESI (Electrospray Ionization); Monitor mode: MS/MS
selecled reaction monitoring (SRM); Interface: Turbo IonSpmy®; Monitor
ion: G-DX-8951 Precurser ion = 493, Product ion = 419; DX-8951 Pre-
cursor ion = 436, Product ion = 373; 1S Precursor ion = 488, Product
ion = 401; fon spray voltage {IS): 5000 V; Turbo gas temperature: 425 °C.
HPLC conditions were as follows: Column: SYMMETRY® Ci8 (4.6 mm
LD. x 150 mm, 5 um, Waters); Celumn temperature: 40 °C; Mobile phase:
A, 0.1% (vfv) tifluoroacetic acid (TFA); B, CH;OH; Flow rate: 0.8 ml/
min. Gradient program: [Time (minyB (%) 0/40 — 4.5/55 ~» 5.5/
70 — 5.6 /40 - 10/40.

4.10. Data analysis

A non-compartmental analysis method was used 10 analyze the pharmacoki-
netic results with the WinNonlin ver 3.1. (Pharsight Co.; Cary, NC). The
apparent terminal elimination half-life, 112 (A2), was calculated from linear
regression of the logarithm of the conjugated DX-8951, DX-8951, or G-DX-
8951 concentration-time curve over the terminal linear disposition phase. The
area under the concentration versts time curve (AUCq_.inf) for plasma, liver,
and tumor concentrations were calculated using the linear irapezoidal rule.

This research paper was presented during the 4™ Conference on Retrome-
tabolism Based Drug Design and Targeting, May 1i-14, Palm Coast,
Florida, USA.
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Escape from HER-family tyrosine kinase inhibitor
therapy by the kinase-inactive HER3

Natalia V. Sergina', Megan Rausch!, Donghui Wang!, Jimmy Blair?, Byron Hann', Kevan M. Shokat®

& Mark M. Moasser!

Oncogenic tyrosine kinases have proved to be promising targets
for the development of highly effective anticancer drugs. However,
tyrosine kinase inhibitors (TKIs) against the human epidermal
growth factor receptor (HER) family show only limited activity
against HER2-driven breast cancers, despite effective inhibition of
epidermal growth factor receptor (EGFR) and HER?2 in vivo'™®. The
reasons for this are unclear. Signalling in trans is a key feature of
this multimember family and the critically important phosphati-
dylinositol-3-OH kinase (PI(3)K)/Akt pathway is driven predomi-
nantly through transphosphorylation of the kinase-inactive HER3
(refs 9, 10). Here we show that HER3 and consequently PI(3)K/Akt
signalling evade inhibition by current HER-family TKIs in vitro
and in tumours in vivo. This is due to a compensatory shift in the
HER3 phosphorylation-dephosphorylation equilibrium, driven
by increased membrane HER3 expression driving the phosphor-
ylation reaction and by reduced HER3 phosphatase activity
impeding the dephosphorylation reaction. These compensatory
changes are driven by Akt-mediated negative-feedback signalling.
Although HERS3 is not a direct target of TKIs, HER3 substrate
resistance undermines their efficacy and has thus far gone
undetected. The experimental abrogation of HER3 resistance by
small interfering RNA knockdown restores potent pro-apoptotic
activity to otherwise cytostatic HER TKIs, re-affirming the
oncogene-addicted nature of HER2-driven tumours and the
therapeutic promise of this oncoprotein target. However, because
HER3 signalling is buffered against an incomplete inhibition of
HER?2 kinase, much more potent TKIs or combination strategies
are required to silence oncogenic HER2 signalling effectively.
The biologic marker with which to assess the efficacy of HER
TKIs should be the transphosphorylation of HER3 rather than
autophosphorylation.

Selective inhibitors of the ABL tyrosine kinase are effective in
putting nearly all patients with BCR-ABL-driven leukaemia in
chronic phase into complete remission'’. This proof of concept
brings new hope to the treatment of other tyrosine-kinase-driven
cancers. Another important tyrosine kinase family is the HER family,
consisting of EGFR, HER2, HER3 and HER4. A subset of breast
cancers are driven by overactive EGFR or HER2 tyrosine kinases
and an abundance of data from in vitro and mouse models suggests
that continued activity of these tyrosine kinases drives cancer pro-
gression'?*, While the complexities of this tyrosine kinase family are
not yet fully understood, their oncogenic signalling functions should,
in theory, be amenable to silencing by TKIs. Several orally bioavail-
able HER-family TKIs are in preclinical and clinical development.
Although in in vitro biochemical assays these agents differ in their
relative activities against individual HER kinase family members,
in cell-based assays they are effective at inhibiting both EGFR and
HER2 and equally effective at suppressing the growth of EGFR- and

HER2-driven tumour cells'*™?, They are also effective at inhibiting

EGFR and HER2 phosphorylation in patients’ tissues and
tumours®®, But these agents show very limited clinical anti-tumour
activity'®. Their clinical development to this point has been driven
largely by the detection of modest delays in tumour progression. The
failure to reverse cancer progression despite an apparent inhibition of
HER kinase function has created an enigma in the concept of TKI
cancer therapy that we have been exploring.

It is through heterodimerization and transphosphorylation that
the HER family performs its signalling functions. Importantly,
downstream PI(3)K/Akt pathway signalling is predominantly medi-
ated through the transphosphorylation of the kinase-inactive mem-
ber HER3 (refs 9, 10). We have previously reported that sensitivity to
HER-family TKI therapy correlates with the inhibition of PI(3)K/Akt
pathway signalling'®*°. We and others have also reported that failure
to inhibit PI(3)K/Akt signalling leads to TKI resistance’®””, But in
contrast to reports from in vitro models, Akt activity is not inhibited
in most patients on HER TKI therapy>*®. This led us to look more
closely at the inhibition of PI(3)K/Akt signalling.

To investigate this discrepancy, we studied the durability of Akt
inhibition by TK], with surprising results. Although gefitinib inhibits
Akt signalling in HER2-driven cancer cells (as previously reported'®)
this inhibition is not durable. Akt signalling resumes after a tran-
sient inhibition despite continued drug therapy (Fig. 1a, b). In light
of this finding, we looked at the broader HER-family signalling
activities over a period of 96 h after continuous exposure of BT474
breast cancer cells to gefitinib at concentrations that non-selectively
inhibit EGFR and HER2. TKI treatment effects a sustained inhibition
of EGFR and HER2 phosphorylation and a durable inhibition of
downstreamm MAPK (mitogen-activated protein kinase) and JNK
(Jun N-terminal kinase) pathway signalling (Fig. 1a). However,
dephosphorylation of the kinase-inactive family member HER3 is
transient, HER3 signalling resumes and persists despite continued
drug exposure and effective suppression of EGFR and HER2 (Fig. 1a,
b). The reactivation of HER3 signalling explains the reactivation of
Akt signalling, because HER3 is the principal HER-family member
that binds PI(3)K and drives Akt signalling in these tumours™'°. TKI-
refractory Akt signalling remains sensitive to PI(3)K inhibitors as
expected (not shown).

These time-dependent findings are not due to drug degradation
because the drug is replenished daily in these studies and HER3/Akt
signalling resumes despite repeatedly refreshing drug supply up to
and beyond the point of resumption of Akt signalling (not shown).
There is no significant expression of HER4 before or after drug treat-
ment in these cells (data not shown). These findings are not unique to
BT474 and SkBr3 cells and have been confirmed in other HER2-
overexpressing breast cancer cells, including MDA-453, AU565,
MDA-361 and HCC1954 cells (Supplementary Fig. 1). These findings

1Department of Medicine, 2Department of Cellular and Molecular Pharmacology, University of California, San Francisco 94143, USA.
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Figure 1| HER TKIs fail to induce sustained inhibition of HER3 signalling in
HER2-driven breast cancer cells. a, BT474 cells were treated with 5 M
gefitinib for the indicated times and assayed for expression and
phosphorylation of the indicated proteins. Lane 0% is an IgG
immunoprecipitation control. b, Data of interest shown from the identical
experiment done in SkBr3 cells, ¢, SKBr3 cells were treated with 5 uM
erlotinib for the indicated times and lysates immunoblotted with the
indicated antibodies. d, SKBr3 cells were treated with 20 uM AG825 for the

are not unique to gefitinib and are seen with other HER TKIs, includ-
ing agents with in vitro selectivity profiles favouring EGFR or HER2,
such as erlotinib or AG825 (Fig. 1c, d). Nor are these findings arte-
facts of the in vitro models. Treatment with gefitinib of mice that have
various HER2-driven xenograft tumours similarly fails to durably
suppress HER3 and Akt signalling, despite a transient suppression
(Fig. 1e and Supplementary Fig. 2). This is not due to ineffective drug

Aky o s

indicated times, with the drug being replenished 1 h before the 72 h harvest.
e, Mice bearing HCC1569 human breast cancer xenografts were treated with
gefitinib at 150 mgkg ™' once daily, Animals were killed 2 h after the first
dose or 2 h after the fourth dose (96 h total treatment) and tumours were
rapidly harvested for immunoblotting with the indicated antibodies. The six
lanes corresponding to each time point represent six different animals. p,
phosphorylated.

biodistribution, because in these models gefitinib was dosed three
times higher than doses known to achieve sustained xenograft
tumour concentrations of above 2—4 pM and averaging 6-10 uM
(ref. 23). We had previously established that inactivation of
PI(3)K/Akt signalling is mechanistically linked to HER TKI sensitiv-
ity in HER-family-driven cancers, so we felt that the failure of these
drugs durably to inactivate PI(3)K/Akt signalling was entirely
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Figure 2 | Forward shift in HER3 phosphorylation-dephosphorylation
equilibrium following extended HER TKI treatment. a, BT474 cells were
transfected with anti-HER2 (H) or control (C) siRNA and harvested 64 h
after transfection (lanes 1, 2). Additional arms were treated with 48 h of
gefitinib untransfected (lanes 3, 4) or following siRNA transfection (lanes 5,
6). b, SKBr3 cells were treated with 5 pM gefitinib for 0,1 or 48 h. Arm W was
treated for 48 h, washed, and incubated in drug-free media for one more
hour. ¢, SKBr3 cells were treated with the indicated concentrations of
gefitinib for one hour (left side). Additional arms were treated with 5 uM
gefitinib for 48 h and subsequently treated with the indicated concentrations
of gefitinib for one additional hour (right side). d, SKBr3 cells were treated
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with the indicated concentrations and durations of PD168393. e, SKBr3 cells
were treated with 2 uM PD168393 for the indicated times. f, SKBr3 cells were
transfected with anti-HER3 (H) or control (C) siRNA and harvested four
days after transfection (lanes 1, 2). Additional arms were treated with
gefitinib or control in untransfected cells (lanes 3, 4) or following siRNA
transfection (lanes 5, 6). g, In parallel with f, SkBr3 cells were either left
untransfected, or transfected with anti-HER3 or control siRNA followed by
5 pM gefitinib or control for 48 h. Apoptotic cells were identified by their
sub-G1 DNA content. h, SKBr3 cells were treated as indicated for 48 h.
Apoptotic cells were identified by Annexin V expression. Error bars, s.d.
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consistent with their limited clinical activities. Therefore we set out to
study the molecular mechanism by which HER3 evades TKI therapy.

TKI-refractory HER3 phosphorylation is due to HER2, because it
can be suppressed by anti-HER2 siRNA transfection (Fig. 2a).
Although cross-talk between receptor families can occur, we have
found no evidence for non-HER-family tyrosine kinases mediating
TKI-refractory HER3 phosphorylation. The reactivation of HER3
signalling is not associated with the induction of any new tyrosine
kinases and remains resistant to the broad-spectrum kinase inhibitor
staurosporine (not shown). This apparent desensitization of HER3
signalling to TKIs is due to a forward shift in the equilibrium of the
HER3 phosphorylation—dephosphorylation reactions, establishing a
new steady-state HER3 phosphorylation level despite significant
inhibition of HER2 kinase and autophosphorylation activity by
TKIs. This forward shift becomes clearly evident in the form of
HERS3 and Akt superphosphorylation when drug inhibition is with-
drawn during the new steady state (Fig. 2b). HER3 phosphorylation
remains suppressible by TKI in the new steady state, but much higher
concentrations are required to completely dephosphorylate HER3
because the un-inhibited HER3 phosphorylation state is significantly
higher in the new steady state (Fig. 2c, compare left and right).
Therefore drug-refractory HER3 phosphorylation is due to resistance
at the level of the substrate HER3, and is driven by residual HER2
kinase activity. Similar characteristics apply to the more potent irre-
versible TKIs**. The irreversible TKI PD168393, which inhibits all
HER-family kinases, when used at partially or near-maximal inhib-
itory concentrations, induces a similar desensitization of HER3 to
continued drug therapy (Fig. 2d, 0.1-0.2 uM doses). However, at
fully inactivating concentrations both reversible (Fig. 2c, 40 uM
dose) and irreversible (Fig. 2e) TKI can durably suppress HER3
and Akt signalling.

The biological consequence of drug-refractory HER3 and Akt sig-
nalling is tumour cell survival. In fact, the anti-proliferative activity of
TKIs is reversible and tumour cells resume proliferative growth after
drug withdrawal. If drug-refractory HER3 signalling is averted by
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anti-HER3 siRNA, TKI treatment of HER2-driven cancer cells leads
to apoptotic tumour cell death (Fig. 2f, g, and Supplementary Fig. 4).
This is the expected outcome of effective oncoprotein inactivation,
and recapitulates the apoptotic fate of oncogene withdrawal seen in
reversible transgenic models of HER2 tumorigenesis*. Sustained
inhibition of HER3 signalling using TKIs at their fully inactivating
doses (from Fig. 2c—e) also leads to apoptotic tumour cell death not
seen with doses that allow HER3 escape (Fig. 2h).

The TKI-induced forward shift in the HER3 phosphorylation—
dephosphorylation steady state is due to increased HER3 substrate
concentration driving the forward reaction, and decreased phospha-
tase activity impeding the reverse reaction. Increased HER3 substrate
concentration occurs through a significant increase in HER3 express-
ion at the plasma membrane where the phosphorylation reaction
occurs (Fig. 3a, b). Unlike HER2, which is predominantly localized
to the plasma membrane, the HER3 pool- is largely within intra-
cellular compartments, but there is also some membrane expression®,
The TKI-induced forward shift in HER3 steady-state phosphoryla-
tion is driven by HER3 relocalization to the plasma membrane and
can be suppressed by inhibitors of vesicular trafficking (Fig. 3¢, d).
The HER3 dephosphorylation rate is also slowed after 48 h of TKI
exposure (Fig. 3e). The retarded HER3 dephosphorylation rate may
be due to reduced access to cytosolic protein tyrosine phosphatases as
a result of altered endocytic trafficking, or it may be due to inhibition
of protein tyrosine phosphatases. In support of the latter, TKI therapy
increases the concentration of cellular reactive oxygen species (Fig. 3f),
which are known to inhibit protein tyrosine phosphatases and are thus
emerging as an important regulator of their activity’®”. Consistent
with this, drug-refractory HER3 signalling can be suppressed by con-
comitant treatment with certain anti-oxidants (Fig. 3g).

The changes in steady-state HER3 signalling that evolve with TKI
treatment are driven by the loss of Akt signalling and probably
involve Akt-mediated negative feedback signalling. Consistent with
this, HER3 signalling does not escape TKI treatment when a consti-
tutively active Akt is transfected (Fig. 4a). Conversely, inhibition of

48 h gefitinib treatment &= s x5 p-HER3

10° 10! 102 10% 10%

*H fluorescence
intensity

(arbitrary units)

Figure 3 | Mechanism of HER3 reactivation after extended HER TKi
treatment. a, SKBr3 cells were treated with 5 pM gefitinib or control for 48 h
and stained with anti-HER2 or anti-HER3 antibodies for
immunofluorescence microscopy. b, In addition, cell surface proteins in
control or 48 h pre-treated cells were biotinylated, precipitated and
immunoblotted as indicated. ¢, Control or gefitinib pre-treated (5 uM, 48 h)
SKBr3 cells were treated with 20 UM monensin for the final 6 h and analysed
by western blotting. d, SkBr3 cells were treated with gefitinib for 48 h and
with 20 tM monensin for the final 6 h, Membrane and total HER3 was

c d
Monensin; ~ — — + + .
. o Monensin:
Time in gefitinib: 0 1 48 0 48 h Gefitinib:
12345
Sk Membrane
p-HER3 "ws e as
Vi o Total
HER3 55 & i e
HERZ s evn 0
Tempol (mM)
[:] — Lipoic acid (uM)
et 50 250 50 250l
Geftinib: =+~ = * *  Gefitinip: -~ + - - + +
p-HER3 &5 56 & U HER3 e e @ o s
HER3 = 0 9 5 g8 o HER3 = b s &5 g v}
p-Akt = e i pAK e e
Akt Akt e e i o s

immunoblotted from cell surface proteome pulldowns (above) or total
lysates (below). e, The dephosphorylation rate of p-HER3 following 48 h of
gefitinib treatment was determined immediately after initiation of fully
inactivating concentrations of the irreversible HER TKI PD168393 (2 uM).
f, Reactive oxygen species were quantified in control or gefitinib pre-treated
(5 uM, 48 h) SKBr3 cells, as described in the Methods. g, SKBr3 cells were
treated with 5 pM gefitinib or in combination with the indicated
concentrations of the anti-oxidants Tempol or a-lipoic acid for 48 h.
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Figure 4 | Akt regulates HERS3 signalling via negative feedback signalling.
a, 2 X 10° SKBr3 cells were transiently transfected with 5 pg of pcDNA3-
myristoyl-Akt plasmid or control pcDNA3 plasmid. The following day 5 uM
gefitinib was added for an additional 48 h where indicated. Lysates were
immunoblotted as indicated. b, SKBr3 cells were treated with 5 or 20 pM
LY294002 for 8 h and lysates immunoblotted as indicated.

Akt signalling by a PI(3)K inhibitor leads to a compensatory increase
in HER3 phosphorylation (Fig. 4b). Complete inactivation of HER2
kinase with high doses of TKIs induces the maximum feedback sig-
nalling and HER3 redistribution, but owing to the complete inac-
tivation of HER2 kinase, HER3 signalling cannot be restored and so
the feedback loop fails to rescue Akt activity.

Standard preclinical models have notoriously overestimated the
clinical potential of HER TKIs, so we challenged the traditional
approach to evaluating TKIs in these models. Traditionally, signal-
ling inhibitors are thought to have a continuous suppressive effect
through rapid and sustained inhibition of their direct molecular
targets and downstream signalling events. This notion of drug ther-
apy may be too simplistic. Clearly, continuous exposure to a growth
factor stimulus does not produce continuous high-output down-
stream signalling. Rather, it leads to a sequence of signalling events,
programmed by negative and positive feedback signalling, until
establishment of a new steady state in the presence of continued
stimulus. We find here that continuous exposure to TKIs similarly
leads to a sequence of signalling events that manifest over time, until a
new steady state is reached.

With this new perspective, we report that HER3 and PI(3)K/Akt
signalling is not effectively inhibited by current TKIs. In particular,
the allocation of kinase and signalling functions to different members
within the HER family allows the signalling substrate HER3 to restore
signalling activity despite significant inhibition of HER2 kinase, in
effect buffering HER3-mediated PI(3)K/Akt signalling against an
incomplete loss of HER2 kinase function. This inherent signal buffer-
ing capacity allows tumour cells to evade the pro-apoptotic effects of
TKIs, making such TKI therapy considerably less effective. To treat
HER-driven cancers much more effectively may thus require drugs
with much higher potency or drugs that completely inactivate HER
kinase function. Irreversible TKIs, although more potent, are subject
to similar limitations. Owing to their reactive groups and reduced
selectivity, many irreversible agents cannot be delivered at completely
inactivating doses. Future highly selective irreversible inhibitors may
turn out to be more effective. Until highly specific and fully inactiv-
ating drugs can be designed, combination treatment strategies
designed to undermine the resiliency of HER-family signalling may
offer the most promising approach in the near future. In addition,
inhibition of autophosphorylation activity deceptively overstates the
efficacy of TKIs and is a poor in vivo biologic marker. A better bio-
logical marker of efficacy with which to guide future therapies should
be HER3 transphosphorylation.

The signal buffering capacity endowed by the separation of kinase
and signalling functions to different family members in the HER
kinase family attests to an evolutionary advantage conferred by the
loss of catalytic activity in the HER3 protein kinase, This may be one
of the reasons why approximately 10% of human kinases appear to be
catalytically inactive®,
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METHODS

Cell culture and reagents. PD168393 was synthesized as previously described?.
Commercially available gefitinib and erlotinib were purified for in vitro use.
Reagent sources are detailed in Supplementary Information. For immunofluor.
escence studies, cells grown on fibronectin-coated cover slips were treated as
indicated, fixed in 4% paraformaldehyde, permeabilized, and stained with the
indicated primary antibodies and fluoroscein isothiocyanate (FITC)-conjugated
secondary antibodies. Cells were visualized using a Zeiss Axioplan 2 fluorescence
imaging microscope.

Apoptosis. Cells were seeded at 300,000-500,000 per well in 12-well or 6-wel]
clusters. Apoptotic cells were'identified and quantified by analysis of Annexin v
binding using the Annexin V-FITC apoptosis detection kit (Calbiochem)
according to the manufacturer’s instructions, or by their sub-G1 DNA content
and quantified by fluorescence-activated cell sorting (FACS) analysis as prev-
iously described™. All experimental arms were done in duplicate and displayed as
averages with standard of deviation (s.d.) error bars.

Transfections. Cells were seeded at a density of 300,000 cells per well in 12-well
plates and transfected the following day. For siRNA transfections 100-300 nmo]
of siRNA (Dharmacon) was premixed with Lipofectamine2000 in Opti-MEM
media and then added to each well. For plasmid transfections, 2 pg of plasmid
DNA was premixed with Lipofectamine2000 in Opti-MEM media and added to
wells for 6 h,

Cell surface biotinylation. Cells were chilled on ice and rinsed twice with ice-
cold PBS. Freshly prepared sulpho-NHS-SS-biotin (labelling reagent) was added
to the final concentration of 0.5 mg ml ™! in PBS. After 45 min incubation at 4 °C,
cells were lysed for immunoprecipitation.

Reactive oxidation species assay. Cells were rinsed twice with PBS and incu-
bated with 10 uM of freshly prepared H2DCFDA in phenol-red-free media for
45 min at 37 °C. Cells were then trypsinized and reactive oxygen species levels
were detected by flow cytometry.
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Novel antibody drug conjugates containing exatecan
derivative-based cytotoxic payloads
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Trastuzumab conjugates consisting of exatecan derivatives were prepared and their biological activities
and physicochemical properties were evatuated, The ADCs showed strong efficacy and a low aggregation
rate. The exatecan derivatives were covalently connected via a peptidyl spacer {Gly-Gly-Phe-Gly), which
is assumed 10 be stable in circulation, and were cleaved by lysosomal enzymes follewing ADC internal-
ization inte tumor tissue. These anti-HER2 ADCs exhibited a high potency, specifically against HERZ-pos-
itive cancer cell lines in wifro. The ADCs, bearing exatecan derivatives which have more than rwo
methyiene chains, exhibited superior cytotoxicity. It was speculated that steric hindrance of the cleavable

Keywords:

Antibady drug conjugate

amide moietly could be involved in the drug release. The adequate atkvl lengths of exatecan derjvative

Camptothecin
Exatecan
Cytotoxic payload
Linker

Anti-HERZ
Trastuzamal
Oncatogy

Cancer therapy

(13, 14, 15} were from twe to four in terms of aggregation rate. The ADC
showed good efficacy in a HER2-positive and Trastuzumab-resistant breast ¢

aving 3 hydrophilic moie
rcinoma cell model in mice.
© 2016 Elsevier Ltd, All rights reserved,

Antibody drug conjugates {ADCs) have been established over
the past several years and are now one of the most successful
and important strategies for treating patients with hematological
malignancies and solid turnors. At preseot, only three ADCs have
been launched; the first ADC {Mylotarg®, gemtuzumab ozogam-
icin, Plizer) Iaunched in 2001 for the trearment of patients with
acute myelogenous leukemia (AML), However, Mylotarg® was
withdrawn in 2010 due 0 both a lack of evidence confirming its
clinical benefits and safety concerns. Since then, two ADCs,
Adcetris® {brentuximab vedotin, Seattle Genetics) and Kadeyia®
{trastuzumab emtansine, Genetech and Roche), have been
launched. And currently, over 30 programs in clinical development
have been carried out in pursuit of ADC drug candidates,’

Camptothecin {(CPT) has been demonstrated to be effective
against a broad spectrum of tumors. CPT’s target is human DNA
topoisomerase I (Topo I). CPT binds fo complexes with Topo |
and DNA, and thereby is stabilized, This stabilized complex causes
apoptosis, irinotecan hydrochioride (CPT-11, yakult) is a prodrug of
a potent CPT analog (SN-38) used for the treatment of patients
with various tumeors, Exatecan methansulfonate {(DX-8851f) is a
water soluble CPT which exhibits a stronger Topo I inhibitory

452 3137, fax: +81 3 5740 3641,
Hehizank {T. Nakada).

activity and antitumor activity than the other CPT analogs, Further-
mare, exatecan is effective against P-glycoprotein (P-gp) mediated
multi-drug resistant cells.?

ABCs are compaosed of a carrier monoclonal antibody {mAb) and
cytotoxic drug payload, The ADCs discussed herein are ADCs com-
posed of a mAb with exatecan derivatives via a peptidyi linker, as
shown in Fguee 1 it has been previously recognized that glyeyi
glycyi phenylalanyi giveyl (GGFG) is selectively cleaved by lysoso-
mial enzymes {presumably cathepsing).’ GGFG is known to release
drugs inte tumor tissue without releasing them into peripheral
circulation,

Human epidenmal growth factor receptor 2 (HER2) is a very
effective therapeutic target for breast cancer patients.
Trastuzumab {Herceptin®, Genetech and Roche} is an anti-HER2
antibody and is used for breast cancer HER2-positive patients in
combinarion with the chernotherapy drugs, anthracycline and tax-
ane. Trastuzumab is the carrier mAb of trastuzumab emtansine.
Therefore, the tumor specificity of this mAb, trastuzumab, is suit-
able for being the ADC's carrier.

‘The synthesis of ADC{1) was carried out via the route shown in

me 1, Commercially available tert-butoxycarbonyi glycyl glycyl
phenylalanyt glycine {(BOC-GGFG-OH) was dissolved in dichioro-
methane, N-Hydroxysuccinimide (HO-Su) and  1{3-dimethy-
faminopropyl)-3-ethylcarbodiimide hydrochloride (WSCI) was
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Scheme 1. The synthesis of ADT {1).

added, To this mixture, was added DX-8351f (8) and triethylamine
solution in NN-dimethyiformamide {DMF). The Boo-GGFG-exate-
can was deprotected by triflucroacetic acid (TFA), followed by
condensation with §-maleimidohexanoic acid N-hydroxysuccin-
imide ester {mc-05u) in DMF to obtain the maleimide precursor
drug linker {mc-GGFG-exatecan, 11)¢

The maleimide precursor drug linker (11) and mAb conjugation
methed used a conventional conjugated cysteine {Cys) strategy.” A
disulfide group with hinges of mAb was reduced with tris{2-car-
boxyethyl)phosphine hydrochloride (TCEP HCI) And the precursor
drug linker {13) was added to the reduced antibody. The drug to
antibody ratio {DAR) was able to control an amount of the reducing
agent, as shown in’ 1, The reaction mixture was purified using
size exclusion chromatography (SEC). The DAR™® and aggregation
rate of the obtained product were measured.”

Exatecan derivatives were prepared by wndensaum; and suc-
cessive deprotection as shown in So ¥ and these compounds
were used as starting materials to ob?am other ADCs {2)-(7) via
sirpilar synthetic routes of ADC (1).%

These prepared ADCs were show fo express in vitro
jties in a HER2-positive cell line, KPL-4, as shown in 1} i Glsg
was the concentration for 50% of maximal inhibition of cell prolif-
eration. The KPL-4 cells used were a HER2-positive human breast
cancer cell line. The ¥KPL-4 was provided by Junichi Kurebayashi
from Kawasaki Medical School in Japan. MCF7 cells used were a
HER2-negative breast cancer cell line, The cell line was obtained
from the Buropean Collection of Cell Cultures (ECACC). None of

cytotoxic-

the ADCs could kill the MCF7 cell line, Glgg > 100 nM. These results
suggest that the anti-HER2 ADCs showed HER2 selective cytotoxi-
city, Though ali of the ADCs (1)-(7) showed strong cyfotoxicities
in vitro, the ADCs (1) and (2) had a decreased cytotoxicity com-
pared with that of other ADCs, It was speculated that degrading
enzymes in tumor cells might not work efficiently because of the
steric hindrance of the released drug moiety. The cleavable amide
position {(C-terminal amide of GGFG tetrapeptide} between the
released drug and cleavabie peptide linker was important for the
affinity of the enzyme. Therefore, the cleavable amide position
was changed away from the drug by adding some methylene
chains between the drug and cleavable peptide. In particular, the
drugs released from the ADCs (3)-(6) were changed to alkylamine
derivatives with methylene alkyl chains from exatecan, Thnse
ADCs showed potent in vitro activity. However, the ADC (6] indi-
cated more aggregates, possibly due to its hydfophcbxaty. The
ADCs {3)-(5) had less aggregates than ADC {6). The alkyl length
of exatecan derivatives influenced the aggregation rate, Having
an alkyl length less than hexylene’s is preferred from the viewpoint
of an ADC's physicocherical properties. Therefore, an alkyl length
from two to four seemed the best choice in this case, Moreover, a
hydrophilic molety could be added in the linker portion. ADC
{(7a) which has disthylene glycol showed less of an aggregation
rate than ADC {4). Even a high drug load ADC {78, DAR 6.2) had
an acceptable low aggregation rate. and greater efficacy in vitro,
The in vivo efficacy of the ADC {7b) was compared with trastu-
zumab in  mice bearing JIMT-1, a HERZ-positive and
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Table 1
Drug linker structure, conjugation condition, and in vitro efficacy of AUCs
ADC Drug linker structure Conjugation condition Characterization In vitro
ety oy 4 TCEP Brug linker Yield AR Aggregation rate KPL-4 GI50
{egiv) {equiv) {%) {%) {nM)
H Nore 4.6 9.2 55 14 26 033
2 —NH-{HyH{(=0)- 2.3 46 3 3.2 3 0.39
3 ~NH-{CH, )y 3)-- 4.6 9.2 62 38 2 .07
4 —NH~{CH; ! (C =0 )— —\C*-IM“ 45 3.2 7 25 3 005
5 = NH-{CHa g C=0)~ —{CHaY— 45 8.2 58 4 4 007
& —NH~CHy }5— 1) —{CHa}y— 4.6 9.2 51 2.5 20 011
TFa —NH--{CH, }y={C=0}-- = L{=0)-RE A CHp-CH - O 23 46 85 38 1 612
Th —NH—~{CH; }p—{(=0)— - FNHACH,—CH,—0)— 4.6 9.3 &6 6.2 3 0.04
. 4% PP R,
,«\_‘\\N Hy BUG!‘»RWQH
PN o .
/\/J\ b DM
L, e B e
2 N 5},\
o 2)TFA/CHCL
N . N st =-(
MsOH OH ©
oH O
D835 {8} n=0(12), 1(33), 2 (14), 3 (15), and 4 (16)
Scheme 2, The synthesis of exateran derivatives.
760 presents a significant challenge for ADCs, Design of camptothecin
- derivatives and implernentation of a high polarity moiety is an
CONTOL . - - e ) . .
S0 " ideal solution to overcome this, ADCS bearing exatecan derivatives

g Trastuzumab 10 mpk of camptothecin analogs show a high potency for cancer therapy.

=
2
£ 506 ~ T 1 S .
< A ADC Ty Hompk References and notes
&
400 1 2
g
F300 3.
ég 360 4. Nuclear magnetic resonance (NMR) and hqud chromatography-mass (LC-MS)
k- . analysis. LO-M3S iomization mode was elecoospray lonizadon (BSI) or
47 atrnospheric pressure chemical lonization (hPCU ECUTSE
100 {11) of ADC {1} "H NMR (400 MHz, DMSO-ids) 8/ 87 (3H, , I=74 Hz),
1.15-1.21 {2H, m), 141-1.50 (4H, w), 1.80-1.30 "‘h m}, 2.07-212 {44, m),
217~223 {1H, m), 2.35-240 {1H, m), 241 (3H, 5), 2.73-2.81 {iH, m), 2.98 (14,
Y i dd, J=13.7, 46 Hz), 1‘!5—»3.2() {2H, m),3.53 {1H, dd, [ = 168, 5.7 He), 3.62-3.77

BNSDOCID: «XP

@ Lo 28 30 40

Days aficr tumov inowaiation

Figure 2. The in vitro efficacy of ADCs in JIMT-1 cells at an average starting tumaor
volume 150 mim? after 12 days,

trastuzumab-resistant breast carcinoma cell Bne, JIMT-1 was
obtained from the Deutshe Sammlung von Mikroorganismen und
Zellkulturen GmbH (DSMZ). Mice were treated with a single iv.
injection of 10mgikg ADC (7b), or trastuzumab. Trastuzumab
had no effect on tumor growth. In contrast, the mice tri eated with
the ADC {7b} achieved tumor regressions, as shown in 2

These novel ADCs using exatecan derivatives hav'ng atlyl
amine release the drug efficiently. Furthermore, adding a hydro-
philic group to the C-terminus of the peptide moiety was effective
jn reducing aggregation rates. The ADC(7h), which has a maximum
2 DAR, showed an acceptable aggregation rate and high efficacy
in vitro and in vivo. No change in mice body weight was observed
by the ADC treatment indicating that the ADC was well tolerated.

Camptothecins are an especially compelling drug class for ADCs
because they can be produced synthetically and modified to give
analogs, However, aqueous insolubility of the campiothecins

204365544 | >

{5H, m}, 4.38-4.45 (10, m), 5.22 (18, 4, /= 18.9 H2),527 (18, 6, | = 18.9 Hz),5.39
{14, d, f=16.0Hz), 544 (1H, d, ] = 16.0 He}, 5.55-5.60 (1H, m), 6.33 (14, 5), 698
(21, 5), 7.13-7.24 (5H, ta), 7.32 (11, 5}, 781 {11, 4, J=10.2 , 2.85-800 (18,
m). §.05-8.05 (2H, m), 8.28-8.31 {1H, m), 8.41 (1H, G, J = 8.6 Hz}. MS {APCI) mjz:
947 M*‘P) For precurser drug linker of ADC {2); "H NMR (400 MHz, DMSO-dg)
Slppim: 086 (3H, t, = 7.2 Hz), 1.18-1.10 (24, 1m), 1.45-1.48 (4H, m), 1.83-1.85
(2H, m), 2.32-2.17 {4H, m}, 2.39 (3K, 5). 2.68 (1H, dd, J=24.4, 14.7 Hz), 2.853-
2.87 (1H, m), 3.17-2.78 (12H, w}, 4.42-4.45 (11, m), 5.22 (2H, s}, 541 (24, 5),
38.-5.60 (1H, m), 6.53 (1H, s}, 6.92 (3H, s}, 7.15-7.25 (6H, m), 7.76 (iH, 4,
15109 Hz), 787-8.00 (15, m), 2.09-8.12 (3H, m), 8.25-828 (1H, m), 8.44 (11,
.2 Hzy MS (APCH) 'n'z 1004 {(M+H)", For precursor drug linker of ADC{3%:

’H NAR (400 MHz, DMSO-de} 4/ppm: 086 (3H, ¢+, ] = 7.2 Hz‘: 1.12-122 (2H, m},

1.39-1.51 (4H, m), 1.75- !CH (3}!, ), 2.02-2.2 li}i m,, D7 (2H,t,]=74 Hz\
230-242 {4H, m), 240 (3H, 5}, 278 (1H, dd, j= 141, 8.4 Hz}, 3.02 (14, dd
J=14.7, 49 ¥Hz) 3.12-321 (2H, m}, 3.26-3.42 (ZH, m), 3.50-3.80 (8, m), 4.40-
451 (148, m), 519 (318, 4.}~ 19&-!2) 5.26 {1H, @, j= 192 He), 542 (2H, brs}),
551-5.62 (13—! Wy, 6 § 28 {5H, m}, 7.31 (1K, s},
7.74-7.84 (2H, m), 8. 1, 1,]-— 5.7 Hz), 8.14 (14, d,
J=82Hz) 825(iH, t,]J=3 ) 1 88 Hz) M 1) mifzs IR (M
+HJ". For precursor d"ug linker of A.Jf (4): 'H NMR (400 MHe, TMSO-dg) &f
ppr0.87 (3H, t, J=73 Hz), L12-1.22 (2H, m), 1.40-1.51 (44, m), 166-1.76
{2¥, m), 1.80-1. o1 (”H m), 2.05-2.21 (64, m), 2.3 (3K, 5), 279 (1H, dd.J = 14.0,
9.8 He), 2.58-3.21 {58, m), 3.55-3.77 (88, m}, 4.41-4.48 {18, m), 5.15 {14, d,
8.9Hz). 5.24 (I, d, J=189Hz), 540 (18, 4, j=171Hz), 544 {IH, d,
J=17.1 Hz), 5.54-560 (1H. m), 8.53 (15, 5), 6.99 (2H, 8), 7.20-7.27 (3H, m), 7.30
(1H,s), 7.70 (14, . J= 5.3 Hz), 7.80 (1 H d, ]=11.0Hz) 8.0% (1H, L] Hz},
808(1H, 1 ]=5.54z), 8.14 (11,4, 7= 7.9Hz), 825 (15, t. ] = 6.1 Hz), 846 {iH, 4.
§=8.5 Hz) MS(APCE) mifz: 1032 (M-r-{“ Fer precursor drug linker of ADC (5% 'H
MMR (400 MHz, DMSO-dg) 6/ppm: 0.87 (3H, t, = 7.4 Hz), 1.13-1.21 (28, m),
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| (3, ), £.29-8.37 L2H, m), 45"
1 18347)5

75 {6H, mi) 4

4.50{1H, ), 5.16 (1H,
(1H,d,]=18.8 Bz}, 5.4% {2H, 5}, 5.52 ()(IH, m) 853 (1M,
-7.28 (5H, m), 731 (1H,s), 7.63 (1M, £, ] =57 Hz), 780(1}*},(1r
j= 1’)6}1&} S\)Z’?H tJ=59He) 808 {iH,t, J=57Hz) 812 (1K, 4 =78 Hz},

w

. NMR and LC-MS analys

52 (68, m), 1.53-1.65 (2H, m), 1.78-1.92 {2H, m), 2.05-2.15 (48, m), {1 mg/mL}) injection; ADC (1) in phosphate buffered saline {pH 7.5}, ADC (2]
2H,5),2.40(3H, s}, 2.79{1H dd, [ ~13.7, 10.2 Hz), 2.98--3, 1(.(3H ), 312 {7a), and (7h) in acetate buffer red 5% sorbitol (pH 5.3), and ADC {3)~(8) in

phesphate buffered satine (pH 6.0}

. Compound [12); 'H NMR (400 MHz, CD,0D} §/ppm:
0.96 (3, t, J = 7.0 Hz), 1.89-1.91 {2H, m), 2.14-2.15 (1H, m), 2.30 {3H, s), 2.40-
242 {1H,m), 3.15-3.21 (2H, m), 3.79-3.86 {2H, m}, 4.63-4.67 (1B, m), 5.00-5.05

824(1H, 1, §=5.7 Be), 8.45 (1H, d, ] = B6 Hz). MS (ESI) mjz: 1046 (‘\/“H‘ For {1H, m}, 5.23 (18, d, /= 16.0 Hz), 5.48 (1H. d, ] }Hz), 562564 (1H, m),

precursor drug linker ot ADC {8); 'H NMR (300 MHz, CD:0D) sjpprm: F40-7.45 (23, m). MS (APCI) mjz: 493 (M+HY. Composnd (13): 'H NMR
4¥Hz), 1.27 (24, td, J= 1.5, 6.1 Hz), 1.28 {400 MHz, DMSO- d() S{ppm: D87 (3H, t, J=7.2 Hz), 186 (OH, dquin, /=146,
5-1.80 (2H, m), 1.89-1.98 (24, 72 Hz), 206-227 (1B, m), 241 (3H, 5), 246-257 (2H, m), 3.08 (2H,

240 (3H, §), 2.95 (1H, dd, J=143, 9.2 Hz), 3.12 (1H, dd, 7= 13.7, 5.7 Hz),
5.25 (AH, 1), 344 (JH, &, J=72Hz), 2.65 (1H, d, j= 17.2 Hz), 3.96 (14, d,
7.2 Hz), 3.78--3.85 (4H, m), 443 (1K, dd, /=88, 66Hz), 510 {iH, d,

] 535 (14, 4, f=166Hz), 556 {1H, d,
(M, ), 7127 24 (6K, m), 758 (1H, 5, 7.60
GHz) 768 (15, 4 J=57 Hz). MS (BSH) mjz: 1080 (M+H)". For
dmg linker of ADC {7); 'H NMR (400 Mz, DMSG-ds) &1 083 (3H. 1,
1.74 (ZH, m), 1.77-1.90 (2H, m) 2.07-2.19 (4H, m), 2.30 2H, ©.

J=6.8Hz), 3.14-3.24 (2H, m), 5.22 {1H. 4, J = 18.8 Bz}, 5.2 {IH, &, } ~ 188 }iz}_
5.43(2H, 5), 5.58 {1H, dt, /= 8.5, 4.5 Hz}, 6.55 (1H, s), 7.32 (14, 5), 7.74 (3H, brs},
7.82 {1H, d, J 11, O Hz), 867 (1H, d, J=B.6Hz) MS (£51) mfz: 507 (M+H).
Compaund (14} 'H NMR (400 Mz, DMSO-ds) 4/ 037 (34, ¢, j=7.2 Hz),
176 4H, m), 2.10-2.17 (2H, m), 2.27 (2H, ¢ =70 Hz), 240 ( H s}, 2.80~
286 (2H, m), 2.15-3.20 (2H. m), 5.15 (IH, d, J~=18.8 He), 526 (1H, 4./ = 18.8 Bz},
542 (2H,5), 5.34-5.61 (1H, m), 6.35 (14, 5), 7.32 (1H, 5}, 7.72 (3H, brs), 7.82 (18,
d, J=11.0 Hz), 8.54 (1H, d, f=8.6 Hz). M5 (APCY) mfz: 521 (M+H)". Compound

36 {2H.m), 2.38 (3H, 5), 2.76 (1H, dd, ] = 13.7, 8.8 Hz), 2.96- (15): 'H NMR (400 MHz, DMSO-ds) o/ppi: €.88 (3H, t, J=74 Hz) 1.52-1.71
2.18{8H,m), 3.42—-3.4—4(’5}1 1), 3.53-3.76 (10H, m), 443 (18, «d, | = 8.6,4.7 Hz}, {4H.m), 1.87 (2H, 1. {=144, 63 ri X 18 {2H, m), 2.22 (24, , [= 7.0 Hz},
514 (1M, 4 1= 18.8 He), 523 (11, 4. J=18.8 Hz}, 538 (1M, 4, F=17.2 Hz}, 542 2 40 (3H, 8}, 2.76-2.88 {28, m,,v 2 (2H, m), 5.18 (1H,d, /=188 Hz), 5.24

{1H,d, /=172 Hz), 552-8.58 { 1M, ), 6,52 {18, 5}, {308()}! ), 7.12-717 (14, {1H. &, 1= 188 Hz)}, 543 (2K, 5}, 5.53 "leIH f'a),‘iﬁ‘i(l)ia]73.1(3ﬂ 3)76"
wmy, 7.18- (44, m), 723 (1M, s), 768 {18, ¢ J=55H), 778 (1H d, (3H. brs), 7.81 {1H, &, =~ 11.3 Hz), 849 {1H, d, /= 8.6 Hz). MS (E31) m/z: 535 (M
J=11.3 8z 795—8(‘3( 2H, m). 8“1 (IH. d ]= "SH; 8.6 (1H, t. [ =5.7 Hz}, +H)". Compound {16} 'H NMR (4'30 MHz, DMSO-dg} Sfppm: 0.83 (3}—] 1,

X 4 d, I~ 9.0 Hz). MS (APCH) mfz: 1149 -’M’rﬂ}‘. §=7.2Hz), 1.31-1.41 (2H, m}, 1.52-1.70 (4H, m), 1.80-1.84 (2}1, m), 205-2.18

5. bis x g LA (24, m;, 21 (2K, t, J=74Hz), 240 (3H, 5}, 2.81 (3H, t, [=7.48z), 3.10-3.25
{2H, m}, 2.33 (2H, bxs) 518 (14, ¢, J=19.8Hz), 5.22 (iH, 4, l 19.8 Hz), 541

~

BNSDOCID: <XP_

5. DAR was calculated by UV absorption measurem
. Aggregation rate was measured by high perk

ng of 280 nm and 370 .

ce Hauid chromatography
{HPLC). Colusnn; Tosoh TSK gel GI000SWXL (300 x 7.8 mm). Mobile phase;
0.5 mi/min (.03 M phosphate buffer (0.2 M arginine, pH 6.8). Sample; 10 sl

{2H, dj 166 Hz), 545 (2H, 4, J = 16.6 Hz), 5.53-5.60 (1H, m}, 655 (1, 2&) 7.32
(1H, s}, 7.80 {1H, 4, /= 109 riz) §.43 (14, d, =~ 9.2 Hz). M5 (E51) mjz: 349 (M
+HY
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TROPZ expression and its correlation with tumor proliferation

and angiogenesis in human gliomas
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Abstract  Trophoblast cell surface antigen 2 {TROP2Yis =
pansmembrane  glyveoprotein which is with
wmor development and progression in & variety of epi-
thelial carcinornas, while its expression and role o ghomas
nave not been considered. The airp of fhe study was 1o
investigate THOPZ expression in malignant gliomas with
different World Health Organization (WHO) classification
and s correlation with wraor profiferstion and angiogen-
esis. Immuobistocheristry was used to determine TROP2
and Ki-67 cxpression and microvessel deasity (MVIE ia
turaoe specimens and normal brate Hssues froxm 69 ghoma
patients and the relationship between TROP2 and Ki-67
and MVD was investigated. Immunohistochemistry results
showed that the TROPL expeession was fonad in S8
(85.5 %) of the 69 tumor specimens, but no expression in
normal brain tissues. Purthermore, TROPZ expression is
significantly higher in WHO grade I (P = Q025) and
WHO grade IV (# = 0.011) ghiomas than in WHO grade 11
gliomas. TROPZ  expression  correlates  with X167
{r o (676, £ o GO12) and MYE (0 s U365, 2 == (LG33),
but not with gender or age in human gliomas. These resuits
sugpested thar the TROPZ comrelared with malignancy,
probiferation and aogiogenesis o human gliomas, This s

assoctated

the first study describing TROP2Z expression in gliomas and
tis profiferation and angiogenesis-related characteristic
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rnay serve as a potential therapeutic targst for glioma
freatment.

Keywords Glioma - TROP2 - Ki-67 - MVD -
Angiogenesis

Introdaction

Malignant glioma is the most commoen malignant primary
brain umor which s assoclated with extremely high
marbidity and mortality [ 1]. The widely used World Health
Crgamzation (WHO) aysten: classifics astrecyiic umors
into k1Y prognostic grades aceording to their patholegical
features and malignant phenotypes [2]. Few patients with
malignan: glioma are candidates for curative resection
because of it mfilrative oature. Despite aggressive treat-
menis with chematherapy andfor radiotherapy, the median
survival tirme is only approptately 1 oyear for patiends with
glioblastoma muoltifoone {GBM) and 2-5 years for paticnts
with anaplastic astrocytoma {AA) (31 Increasing evidenge
showed that the goeos thorapy was becoming an effective
treatment for malignant glioma [4], Therefore, there is &

pressing need to explore novel therapeutic targets for ghi-
oraa reaiment.

Trophoblast cell surface antigen 2 (TROPZ), also termed
as {3AT33-1 or BGP-1, is 3 tra
which was originally ideatified on bhuman trophoblast and

membrane glycoprotein

choriccarcinoma cell Haes [3]. TROPZ-encoding gene is a
member of twaor ciafed caloium sigeal wansducer
(TACSTE) gene fa
epithelial cell-adhesion molecule (EpCAM) encoding gone
[61. Subscguent research indicated that the TROP2 was
highly expressed in various iypes of human malignant
mmors and Hs high level was freguently associated with

iy which includes ancther member

&3 Springer
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poor prognosis {7-11]. Further evidence showed that
ectopic expression of TROP2 was suf
anchorage-independent growth and tumorigenesis in colon
cancer {10}, Moreover, TROP2 expression has been also
known to confer invasive and metastatic poiential 10 mmor
cells [10-13]. Similar to the development of immuncther-
apeatic agents against FpCAM [14], exciting progress has
been made based on TROPZ for immunotherapy for &
variety of carcinomas {15-17] In view of the restricted

cient {0 ncrease

expression in normal tissses, TROP2 maybe a pramising
therapeutic target for cancer {reatment.

increasing evidence showsd that the mamor proliferative
angiogenssis correlated  with
recurrence nterval and pailent survival in astrocytic tumors
{18201 As we know, Ki-€7/MIB-1 labeling iadex (LG
and MVD are common markers for evaluating the protif-
eraiion asd angilogenesis in tureors, respectively. The aim

activity and patheological

of our study was to invesigate TROPY expression io
hurnan ghioma specimens. To assess the role of TROPZ in
ghiomas, we detected Ki-67 and T34 expression and
analyzed its correlation with tvmor WHO classification,
proliferation and angiogencsis.

Materials and methods
Patient selection and samples collection

We retrospectively investigated 69 patients with histolog-
ically confirmed glioma who received surgical resection o
Provincial Bospital Affiliated to Shandong University.
Normal brain-tissue sampiles wore obtained from four brain
contusion and laceration patients. Clinical and pathclogical
information were retrieved from medical records. All the
hematoxylin-easin-stained sections were xe-evaiuated and
classified by two pathologists according o the oriteria of
WH histological classification [2]. Twenty-seven of the
58 glioma specimens were © fied as diffuse asirocytoma
{WHO grade I Twenty-three and 19 tunor speciraens
¢ anaplastic aspocyioma (WHQ grade ) and

belonged
glioblastoma multiformae (WHO grade V), respsctively.
Demographic data and tumor characteristics were indicated
in Table }. The mean age of panents Jemale 38, male 31)
was 44 years. None of the patisnis had received chemo-
therapy or radiotherapy prior to surgery. Written consent to
gse storad specimens was obtained from all living patients.
The study was approved by the Researct Uthics Commites
of Provincial Hospiial Affiliated to Shandong University.

Trnvnunchisiochemical stining

Tissue samples were obtained frore the Depariment of
Pathology, Provincial Hospital Affiliated fo Shaodong

{'E:i Springers

Mool Sci (2013} 341174541750

Table 1 Gupression of TROPI, Ki-67 and MVD evalusied by
immanshisiochemisity in malignant ghomas with differest WHO

classitication

WHO classification Sex Mean  Ki- MY  TROPZ
of malignant gliomas  {male ags &7 {x} {—i-f
{number of samples)  va, {years) ()% +43

femaic)

WHO grade ¥ (27} 1116 43 3.1 806 HIIVES
WHO grade BY (23) 12711 42 164 1107 B/2E/G
WH grade BV (3% 8/ 47 182 1314 12/

Total (69) 3148 44

TROPZ trophobiast cell surface antigen, MV microvessel density

University. Represeniative  formalin-fixed and paraffin.
embedded blacks were selected and cut into 3-pm thick for
staining. Pomary astibodies used in the study were as fol-
lows: TR{OFP2Z {goat polyclonal, AF650, 1:58 dilntion, R&D
Systems Inc.), Ki-67 (mouse monoclonal, M7240, 1:106D
didution, DAKOD), CB34 (BE-305) (mounse monocional, sc-
19621, 1:100 dilution, Santa Cruz Bioctechnologyl.
Immunchistochemical staining was performed using the
standard avidin-biotin method. Briefly, slides were depa-
raffinized and pretreated in clirate buffer (pH 6.0) using the
microwave-induced epifope retrieval protocol. Endogenous
peroxidase activity was guenched with 0.3 % hydroges
peroxide for 15 min at 37 °C, then the sbdes were incu-
bated with privoary antibodies working solution overnight
at 4 “C, After several washes, the scctons were incubated
with biotinylated secondary antibodies for 30 mun at 37 °C.
Subsequently, the slides were incubated with peroxidase-
conjugated-steeptavidia eomplex reagent and developed
with 3,3'-diamincbenzidine solution voil decired staining
{approximately 4—35 min). Slides were
connterstained  with bematoxylin or ecsin, debydrated,

was achieved

cleared and mounted. Sections of colon caucer tissue
served as posilive cosirol during staining. Primary anti-
bodies were substituted by phosphate-buffered solntion
during negative conirol staining.

Evaluation of immunochistochemical staining

Hach shde was evaluated using light microscopy by two
shological

independent chservers blinded 1o the climooy
background of patient samples. Sections upon which there
were differing evainatiens were re-cveluated  simulta-

neously by observers using @ double-headed roror
TROP? imununostaining for cach sample was quantified as
the product of a proportion score and an fafcosity score a3
described previously {8, 111, The proportion of positive-
statned namor celis o jestons was seored a3 O (none),

(<33 %), 2 (3650 %), 3 (S1-80 %), or 4 (80 %), The
staining iniensity was scored as O {no staining}, 1 {(weak}, 2
{moderats), or 3 (strong), yielding z 1ol score ranging

SOpe,
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Neuvsh Sci {2013) 34:1745-1730

{rom 1o 12: —, scoe ) -+, score 1,235 44, s¢ 4,6, 8
44+, score 9, 12.

MIiB-1 LI was calcuiated as the percentage of immu-
nopositive ghioma cells. One thousand neoplastic cells were
counted in six separate areas for each specimen in which
positive nuclear staining was evenly distatbuted {191, Each
CD34-positive endothelial cell or cluster of endothelial
ceils that was separate from adjacent microvessels was
considered 0 be a countable microvessel. Vessel lumens
were not required for structures €0 be covmied as a micro-
vessel {211, Final MYD was recorded as the average count
of six randomly selected vision fields {203y with the
nighest vascular counts (hot-spot area) {22]

Quantitative real-time PCR

Total RNA was weolated from gliorna tissues using TRIzol
Reagent (Invitrogen) and cDNA was synthesized by
SuperScript U First-Straad Synthesis Systermn (Invitrogen).
Quantitative real-tiwe PCR was performed asing 5YBR
Green Supermix (Bio-Rad) according to manufacturer’s
instructions and each sampic in triplicatec. TROPZ primers
were used as following: sense: 5 -GUCTACTACTTCGAG
AGGGACA-Y; anti-sense: 37 —CA(;IELLTIUAE(, FCOA
COTTC-3 . TROPL expression 1s normalized to the B-actin
level in every reaction system. B-actin primer seguences
were as follows: se: SAGGGUTATGUTCTEICT-
) anti-sense: TTCTCAGCTGTGHGTGOTGAA-Y

Statistical analysis

s were carried out with the sofiware of
5. Statisucal differences among TROPZ
expression in malignant gliomas with different WHO
ciassification were evaluated by Fisher's exaci test and
non-paramettic test. The Spearroan correlation was applied
1o assess the correlation between TROPL and Bi-67, MVD,
pender and age. For all analyses, P < 0.05 was considered
iy significant.

Statistical analysc
SP8S verszon 17.

a5 statisiic:

Results

TROP? expression increased with malignancy
in gliomas

TROP?Z was mainly detected not only on the membrane of
plioma celis but alse in the
chemistry results showed that the TROPZ proiein pre-
sented in 855 % (59 of 69) of glioma samples but no
ex prvsign in normal brain tissues; detailed nformation is

scribed in Table 1. Based on the results, TROPZ protein

cytoplasm.  lmmunchisw-

ievel significantly corrslated with the bhistopathologic
grades of malignant gliomas. TROPZ expression was

significantly bigher in WHQO geade HL (F = 0.023} and
WHO pgrade IV {F == 0011} gliomas than in WHIO grade
{4 ghomas, However, there is no significant difference
et WHE grades B and IV gliomas (& = 0.924).
Representative immunohistochemical staining for TROP2
is shown in Fig. 1. We also randomly detecied the TROF2Z
mRNA level 1o 30 ghoma speciruens with different WHO
classification using quantitative real-time PCR. Consistent
with its protein level, TROPZ mBMNA is also significantly
higher in WHO grade Il (# = 0,040} and grade IV
(F == 0.034) pliomas than in WHO grade II gliomas
{(Fig. 2}

hetw

TROPL correlated with MIB-1 LI and MVD s ghomas

Besults showed that the final MIB-1 LI was 3.1 1o WHO
grade {1 pliomas, and was 16.4 and 18.2 in WHO grades 1T
and 1V glinmas, respectively. Based on our immunchisto-
chemical evaluation standard, MVI-detatled information
of the samples was given in Table 1. Representative
immunochistochemical staining for Ki-67 and CD34 is
shown in Fig. 1. Furthermore, Spearman’s rank correlation

analysis indicated that the TROP2 expression was signifi-
cantly comslaied with Ki-67 (# = 0.012) and MVD

{# = 0.035) as displayad in Tabie 4, bul
(£ = 0.340) and age (P = G.432).

\31, with geander

Discussion

Boma is the most cormmon malignant pr
with extremely high morbidity and morality
Despite advances in surgical treatment with che-
motherapy  and  radiotherapy, roalignant ghoma  still
rerpains a refractory disease because of 15 locally iofil-
trating nature and abnormal tumor vaseulature {18) With
the development of geus therapy and fargeting agents for
human gliomas [4], identification of novel targets 5 of
great unportance for glioma therapy.

The present study provided evidence that the TROP2
s highly expressed in gliomas but not in normasl brain
s and TROP2 pm*ur- level also comeiated with WHO
5 of plivma. Spearinan comrelation analysis s

mary

Malignant gi
brain mmor
{3

233

grade
that the TROPZ was closely correlated with the proufer¢~
tive factor Ki-67, which is consistent with previous roports
Interestingly, we found that the TROPY was also
colated with angiogenesis significantly in human glio-
5. Although the number of patient samples in the study
is ihmited, these resulis implied that TROPZ may play 2
wital role in twrnonigenesis and angiogenesis in gliomas.
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staining for TROPZ in
normal brain s owith different WHO
classitication: Negative TROPZ expression in normal brain tissucs
we, O) (r); WHU grade i1 glioma with low TROPL expression
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Fig, 2 Relative TROPZ mBNA level in 30 ghoma specimens with
differsn: WHO classificanion was analysed with resi-iime PCR {10
DA, 10 AL, and 1 GBM), 04 aiffus 3 A4 anaplastic
astrecytoma, GEAM glioblastoma mulidiorine {* 3

TROP? protein is a type | ransmembrane glycoprotein
which is invariably upregulated in tumors compared with the
sorresponding normal tesues and predicis poor survival ina
variety of cancer eniities {7, &, 11, 241 Recent studies
shiowed that overexpression of TROP2 protein was sufficient
for twinor growth and growth ra
TROP2 knockdown in colon and |
which may be oxXplaincd by higher proportion of 5 phass
cells within TROP2 overexpeessing celis [13], High TROP2

were reduced after

s cancer cell lines,

{;:: Springer

Neurol 3¢t {2013) 34:1745-17530

“

(total soore, 3y (B WHO grade U glioms with high TROPZ
expression {total score, X} i) WH grade 1V glioma with high
TROP2 capression {towal score, 12) (x400% (3)

Fable 2 Correlation spslvais of TROPL expression with K87,
MY, meader, and ape

TROF2

r P
Ki-67 0.012
MYD G.035
Gender £3.3483
Age 0.432

Speanman rank correlstion coofficient () is considered signifioant
when £ < 0.08

TROPZ trophoblast cell surface antigen 2, MVD microveszel density

L-coll tomors geow strikingly faster asd showed more
malignant phenotype than wild-type L cells tumors which
alao suggested that the TROPZ piaved a vital vole in tumor
pragression [13] s TROPI expression led to increased
tumor growth and liver metastasis in a murine pancreatic

cancer roodel [12]. However, the molecular oyechanisrm
mediated by TROP? in tumor development and progres
stili remains largely unknown. Previous sindies showed that
TROP2 upreguiation increased the expression of cyclic
AMP-responsive-element hinding protein (CREB), NF-KB,
STATI and other cancer reguiatory effectors through cyciin
Er and MAPK pathway [12, 251 In addition, the chimeric
CYCLIN DE-TRBOP2 mRMA was fosad in huoman ovarian

ion
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cancer cells and could stimulate tumor growth in coopera

tion with activated RAS [26]. Kecently, Wiie st al. {27}
showed that the TROP2 promoted tumorigenesis through

driving stere-cell seiffrenewal via §§ catenin signaling in
prostate cancer. To our knowledge, the relationship between
TROP? and angiogenesis
systeraatically in hnman cancer.

Angiogencsts, the formation of new blood vessels, plays
i rade in ghoma developroent and progression [28].
Cgmn..xi investigation also revealed that the patients with
higher MVD showed poorer prognosis than the patie
with lower MY {281 Seveent growth faciors were
reported to participate in glioms angiogenesis, such as
vaseniar endotheiial growth factor (VEGF) 3G, epidermal
growth factor (BGEF) {31}, and platelet-derived growth
factor (PDGE) [32]. In addition, VEGYE signaling inhibitors
has been approved for use io patients with glioblastonia
muitiforme and other solid wmors (3G, 33] Purthermore,
HpUAM and a-feioprotein (AFF) positive specimens
showed an association with MYD apd VEGE 16 hepato-
Tinlar carcinoma (HCC) {34], {har results demonstrated
that the TROP2 was also associated with MVYD in glioms,
unplyving TROPZ may promote angiogenesis and raay be a
novel therapeutic target for glioma.

Recently, trumunotherapy based on TROPZ has made
great pragress in different cancers, Uterine and ovarian
carciposarcomas overexpressing TROPD showed sensitiv-
ity to hRS7 which was a humanized anti-TROPZ antibody

nas not been investipated

ce

{15, 168]. The GRS7 amibody labeled wirh PULDMPR4
ireatment also decreased tumor volume in nude mice

bearmg human breast cancer xeaografis {171 Similariy, the
anti-Trop-2 hRE7-CL2A-5N-38 astibody-drug conjugate
{ADC) exhibited significant and specific antitumor effects
agmost lung, colon, and pancreatic carcincnas {35{ In
addition, the application of chimenic mndne TROPZ virus-
like particles (VLF} decreased tumor growth and alterad
WMNOr Grunune microesvironments i a pwrine pancreatic
cancer moedel {121,

In conciusion, the present
TROPZ expression was idestified in gliomas and teaded o
ingrease  with higher grades, Futthermore, our resulis
showed that the TROPZ correlated with tmor proliferation
poteniial and angiogenesis in ghomas. Sinee the limited
expression in normal brain tissves, TROPZ may

study indicated that high

BRrve 38 3

novel diagrostic and immunotherapeutic target for patients
with giioma,
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Certified copies:
a)[J Al b)[J Some** ¢)[] None of the:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date. .
2) IZ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 |:| Other-
Paper No(s)/Mail Date 07/30/2015, 08/21/2015, 08/25/2015. and ) er ——
06/13/2016.

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160626
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The present application is being examined under the pre-AIA first to invent provisions.
DETAILED ACTION
Claims 1-48 are currently pending.
Priority

Acknowledgment is made that this application is a 371 National Stage Entry of
International Application PCT/JP13/006069, filed October 10, 2013, which claims priority to
Japanese Patent Application No. 2012-225887, filed October 10, 2016.

Information Disclosure Statement

Applicant’s Informational Disclosure Statements, filed on 07/30/2015, 08/21/2015,
08/25/2015, and 06/13/2016 have been considered. The signed and initialed PTO 1449s have
been mailed with this action.

Specification

The disclosure is objected to because of the following informalities: the Sequence Listing
was submitted electronically as a text file, thus the specification must be amended to contain an
incorporation-by-reference of the material in the ASCII text file in a separate paragraph
identifying the name of the ASCII text file, the date of creation, and the size of the ASCII text
file in bytes. See MPEP 502.05 L and Fed. Register (Oct. 27, 2009, 74(206): 55,208-55,209)..

Appropriate correction is required.

Claim Objections

Claims 1, 7, 13 and 48 are objected for typographical error in spelling of Succinimid-3-yl
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Claim Rejections - 35 USC § 103
The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all
obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed
or described as set forth in section 102 of this title, if the differences between the
subject matter sought to be patented and the prior art are such that the subject
matter as a whole would have been obvious at the time the invention was made to
a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was
made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35
U.S.C. 103(a) are summarized as follows:

Determining the scope and contents of the prior art.
Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating obviousness
or nonobviousness.

Ll e e

This application currently names joint inventors. In considering patentability of the
claims under pre-AIA 35 U.S.C. 103(a), the examiner presumes that the subject matter of the
various claims was commonly owned at the time any inventions covered therein were made
absent any evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to
point out the inventor and invention dates of each claim that was not commonly owned at the
time a later invention was made in order for the examiner to consider the applicability of pre-
AIA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C. 102(e), (f) or (g) prior art under pre-AIA

35 U.S.C. 103(a).
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Claims 1-28 and 30-48 are rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable
over Susaki et al. (“Susaki”, US 6,835,807) in view of Boyd et al. (“Boyd”,
WO02005/112919A2).

Susaki teaches drug delivery systems (drug complexes) in which DX-8951 (exatecan,
Formula I) is linked to a GGFG tetrapeptide. (Example 1, column 17, line 1 to column 19, lines
11). Susaki teaches the use of the drug complex to act as antineoplastic agents and anti-
inflammatory agents to a tumorous site (column 28, lines 60--67). However, Susaki does not
teach the drug complex as instantly claimed.

Boyd teaches drug complexes such as antibody drug conjugates with peptide linkers

conjugates

S N -";(page 120).
Boyd teaches numerous chemical linkers that are attached to the drug and attaches to the
antibody (page 39, line 15-page 53, line 22).

Therefore, it would have been obvious to one having ordinary skill in the art at the time
of the instant invention to have prepared the Susaki exatecan compositions with the linkers

taught by Boyd with a reasonable expectation of success. One having ordinary skill in the art
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would have been motivated to combine the teaching of Susaki and Boyd because Boyd teaches
antibody drug conjugates using a multitude of linker and peptide bonds to append the drug to the
antibody.

Although Boyd and Susaki lists all of the linkers required by the claim, all of the
possibilities identified in Boyd and Susaki are not found in any specific embodiment, one of
ordinary skill in the art is able to "envisage" the claimed combination comprising the antibody
drug conjugate from sufficiently limited or well delineated examples, (see MPEP 2131.02).

Regarding claims 26-28, Boyd also teaches antibodies such as CD20, CD22, PSMA,
CD30 (pages 95-96).

Regarding claim 32, Boyd teaches examples of cancers or tumors such as:

SEHANSRS A

DVWERY a8y

(page 114,

lines 7-13).

Thus, given the teachings of the prior art and level of a person of ordinary skill in the art
at the time of Applicant's invention one would have had a reasonable expectation of success in
practicing the claimed invention. Therefore, the invention as a whole was prima facie obvious to
one of ordinary skill in the art at the time the invention was made, as evidenced by the
references.

In the absence of any factual showing or unexpected results the presently claimed

compositions are considered prima facie obvious over the prior art for the reasons stated above.
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In light of the forgoing discussion, the subject matter defined by the claims would have been

obvious within the meaning of 35 USC § 103(a).

Claims 1-48 are rejected under 35 U.S.C. § 103(a) as being unpatentable over Susaki
et al. (“Susaki”, US 6,835,807) in view of Boyd et al. (“Boyd”, W0O2005/112919A2), as
applied to claims 1-28 and 30-48 and further in view of Loo et al. (“Loo”, Clin. Cancer Res.
July 15, 2012, 18, 3834-3845).

Claim 1-28 and 30-48 have been shown to be obvious over Susaki and Boyd above. The
teachings of Susaki and Boyd have been discussed at length above and the rational applies
herein.

Although Boyd and Susaki teach antibodies, they do not explicitly teach anti-B7-H3
antibody as instantly claimed.

Loo teaches monoclonal antibody, anti-B7-H3 antibody, which has potent antitumor
activity (Abstract).

Therefore, it would have been obvious to one having ordinary skill in the art at the time
of the instant invention to have prepared the Susaki and Boyd antibody-exatecan conjugate
compositions with anti-B7-H3 antibody taught by Loo with a reasonable expectation of success.
One having ordinary skill in the art would have been motivated to combine the teaching of
Susaki and Boyd with Loo because Loo teaches monoclonal antibody, anti-B7-H3 antibody,
which has potent antitumor activity (Abstract).

Thus, given the teachings of the prior art and level of a person of ordinary skill in the art

at the time of Applicant’s invention one would have had a reasonable expectation of success in
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practicing the claimed invention. Therefore, the invention as a whole was prima facie obvious to
one of ordinary skill in the art at the time the invention was made, as evidenced by the
references.

In the absence of any factual showing or unexpected results, the presently claimed
compositions are considered prima facie obvious over the prior art for the reasons stated above.
In light of the forgoing discussion, the subject matter defined by the claims would have been

obvious within the meaning of 35 USC § 103(a).

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent possible
harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection
is appropriate where the conflicting claims are not identical, but at least one examined
application claim is not patentably distinct from the reference claim(s) because the examined
application claim is either anticipated by, or would have been obvious over, the reference
claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re
Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163

USPQ 644 (CCPA 1969).
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A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may
be used to overcome an actual or provisional rejection based on a nonstatutory double patenting
ground provided the conflicting application or patent either is shown to be commonly owned
with this application, or claims an invention made as a result of activities undertaken within the
scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal
disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR
3.73(b).

Application No. 14/436,458

Claims 1-48, are provisionally rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1-54 of copending Application No.
14/436,458.

Although the conflicting claims are not identical, they are not patentably distinct from
each other because the composition encompasses the same drug, overlapping linker system and
same antibodies, anticipates the conjugate of a drug and a targeting moiety claimed in the
application currently under examination.

This is a provisional obviousness-type double patenting rejection because the conflicting
claims have not in fact been patented.

Application No. 15/180,203

Claims 1-48 are provisionally rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1-18 of copending Application No.

15/180,203.
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Although the conflicting claims are not identical, they are not patentably distinct from
each other because the composition encompasses the same drug, overlapping linker system and
same antibodies, anticipates the conjugate of a drug and a targeting moiety claimed in the
application currently under examination.

This is a provisional obviousness-type double patenting rejection because the conflicting
claims have not in fact been patented.

Conclusion

No claims are allowed.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KAUSER M. AKHOON whose telephone number is (571) 270-
1026. The examiner can normally be reached on M-F 8:30 AM-5:30 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Misook Yu can be reached on (571) 272-0839. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/K. A./
Examiner, Art Unit 1642

/PETER J REDDIG/
Primary Examiner, Art Unit 1642
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 04/23/2015.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)[X Claim(s) 1-54 is/are pending in the application.

5a) Of the above claim(s) ___is/are withdrawn from consideration.
6)[1 Claim(s) is/are allowed.
7\ Claim(s) 1-54 is/are rejected.
8)[] Claim(s) ____is/are objected to.
9] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitn /raww. usplo.gov/patents/init_events/pph/indax.jsp or send an inquiry to PPHieedback@uspto.qov.

Application Papers
10)[]] The specification is objected to by the Examiner.
11)] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** ¢)[] None of the:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)

. . Paper No(s)/Mail Date. .
2) IZ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) |:| Other-
Paper No(s)/Mail Date 07/29/2015, 08/21/2015, 08/24/2015, 06/13/2016. 4) ther: .

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160627
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The present application is being examined under the pre-AIA first to invent provisions.
DETAILED ACTION
Claims 1-54 are currently pending.
Priority

Acknowledgment is made that this application is a 371 National Stage Entry of
International Application PCT/JP13/006178, filed October 17, 2013, which claims priority to
Japanese Patent Application No. 2012-231579, filed October 19, 2012.

Information Disclosure Statement

Applicant’s Informational Disclosure Statements, filed on 07/29/2015, 08/21/2015,
08/24/2015, and 06/13/2016 have been considered. The signed and initialed PTO 1449s have
been mailed with this action.

Specification

This application contains sequence disclosures that are encompassed by the definitions
for nucleotide and/or amino acid sequences set forth in 37 C.F.R. § 1.821(a)(1) and (a)(2). This
application fails to comply with the requirements of 37 C.F.R. §§ 1.821-1.825. Claims 10-12, 26
in the specification contain sequences that are encompassed by the sequences rules and require
sequence identifiers (SEQ ID numbers). Applicant is reminded to review the entire disclosure to
ensure that the present application is in sequence compliance.

Additionally, if the Sequence Listing is submitted electronically as a text file, the
specification must be amended to contain an incorporation-by-reference of the material in the
ASCII text file in a separate paragraph identifying the name of the ASCII text file, the date of

creation, and the size of the ASCII text file in bytes. See MPEP 502.05 L1.
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Any questions regarding compliance with the sequence rules requirements specifically
should be directed to the departments listed at the bottom of the Notice to Comply.

APPLICANT IS GIVEN THE TIME ALLOTED IN THIS OFFICE ACTION WITHIN
WHICH TO COMPLY WITH THE SEQUENCE RULES, 37 CR.F. §§ 1.821-1.825. Failure to
comply with these requirements will result in ABANDONMENT of the application under 37
C.F.R. § 1.821(g). Extensions of time may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 C.F.R. § 1.136. In no case may an applicant extend the
period for response beyond the six-month statutory period. Direct the response to the

undersigned.

Claim Objections

Claims 1 and 39, are objected for typographical error in spelling of Succinimid-3-yl

RN b )

which is spelled backwards (™

Claim Rejections - 35 USC § 103
The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all
obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed
or described as set forth in section 102 of this title, if the differences between the
subject matter sought to be patented and the prior art are such that the subject
matter as a whole would have been obvious at the time the invention was made to
a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was
made.
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The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35
U.S.C. 103(a) are summarized as follows:

Determining the scope and contents of the prior art.
Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating obviousness
or nonobviousness.

Rl e

This application currently names joint inventors. In considering patentability of the
claims under pre-AIA 35 U.S.C. 103(a), the examiner presumes that the subject matter of the
various claims was commonly owned at the time any inventions covered therein were made
absent any evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to
point out the inventor and invention dates of each claim that was not commonly owned at the
time a later invention was made in order for the examiner to consider the applicability of pre-
AIA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C. 102(e), (f) or (g) prior art under pre-AIA

35U.S.C. 103(a).

Claims 1-10, 13-25, 27-46 and 48-54 are rejected under pre-AIA 35 U.S.C. 103(a) as being
unpatentable over Susaki et al. (“Susaki”, US 6,835,807) in view of Boyd et al. (“Boyd”,
WO02005/112919A2).

Claims 11, 12, and 26 are free of prior art.

Susaki teaches drug delivery systems (drug complexes) in which DX-8951 (exatecan,
Formula I) is linked to a GGFG tetrapeptide. (Example 1, column 17, line 1 to column 19, lines

11). Susaki teaches the use of the drug complex to act as antineoplastic agents and anti-
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inflammatory agents to a tumorous site (column 28, lines 60--67). However, Susaki does not
teach the drug linkers as instantly claimed.
Boyd teaches drug complexes such as antibody drug conjugates with peptide linkers

conjugates

N e o Y j(page 120).
Boyd teaches numerous chemical linkers that are attached to the drug and attaches to the
antibody (page 39, line 15-page 53, line 22).

Therefore, it would have been obvious to one having ordinary skill in the art at the time
of the instant invention to have prepared the Susaki exatecan compositions with the linkers
taught by Boyd with a reasonable expectation of success. One having ordinary skill in the art
would have been motivated to combine the teaching of Susaki and Boyd because Boyd teaches
antibody drug conjugates using a multitude of linker and peptide bonds to append the drug to the
antibody.

Although Boyd and Susaki lists all of the linkers required by the claim, all of the
possibilities identified in Boyd and Susaki are not found in any specific embodiment, one of
ordinary skill in the art is able to "envisage" the claimed combination comprising the antibody

drug conjugate from sufficiently limited or well delineated examples, (see MPEP 2131.02).
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Regarding claims 45-46, Boyd also teaches antibodies such as CD20, CD22, PSMA,
CD30 (pages 95-96).
Regarding claim 50 and 52, Boyd teaches examples of cancers or tumors such as:

TGRS SRR,

lines 7-13).

Thus, given the teachings of the prior art and level of a person of ordinary skill in the art
at the time of Applicant's invention one would have had a reasonable expectation of success in
practicing the claimed invention. Therefore, the invention as a whole was prima facie obvious to
one of ordinary skill in the art at the time the invention was made, as evidenced by the
references.

In the absence of any factual showing or unexpected results the presently claimed
compositions are considered prima facie obvious over the prior art for the reasons stated above.
In light of the forgoing discussion, the subject matter defined by the claims would have been

obvious within the meaning of 35 USC § 103(a).

Claims 1-10, 13-25 and 27-54 are rejected under 35 U.S.C. § 103(a) as being
unpatentable over Susaki et al. (“Susaki”, US 6,835,807) in view of Boyd et al. (“Boyd”,
WO02005/112919A2), as applied to claims 1-10, 13-25, 27-46 and 48-54 and further in view

of Loo et al. (“Loo”, Clin. Cancer Res. July 15,2012, 18, 3834-3845).
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Claim 1-10, 13-25, 27-46 and 48-54 have been shown to be obvious over Susaki and
Boyd above. The teachings of Susaki and Boyd have been discussed at length above and the
rational applies herein.

Although Boyd and Susaki teach antibodies, they do not explicitly teach anti-B7-H3
antibody as instantly claimed.

Loo teaches monoclonal antibody, anti-B7-H3 antibody, which has potent antitumor
activity (Abstract).

Therefore, it would have been obvious to one having ordinary skill in the art at the time
of the instant invention to have prepared the Susaki and Boyd antibody-exatecan conjugate
compositions with anti-B7-H3 antibody taught by Loo with a reasonable expectation of success.
One having ordinary skill in the art would have been motivated to combine the teaching of
Susaki and Boyd with Loo because Loo teaches monoclonal antibody, anti-B7-H3 antibody,
which has potent antitumor activity (Abstract).

Thus, given the teachings of the prior art and level of a person of ordinary skill in the art
at the time of Applicant's invention one would have had a reasonable expectation of success in
practicing the claimed invention. Therefore, the invention as a whole was prima facie obvious to
one of ordinary skill in the art at the time the invention was made, as evidenced by the
references.

In the absence of any factual showing or unexpected results, the presently claimed
compositions are considered prima facie obvious over the prior art for the reasons stated above.
In light of the forgoing discussion, the subject matter defined by the claims would have been

obvious within the meaning of 35 USC § 103(a).
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Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent possible
harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection
is appropriate where the conflicting claims are not identical, but at least one examined
application claim is not patentably distinct from the reference claim(s) because the examined
application claim is either anticipated by, or would have been obvious over, the reference
claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re
Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may
be used to overcome an actual or provisional rejection based on a nonstatutory double patenting
ground provided the conflicting application or patent either is shown to be commonly owned
with this application, or claims an invention made as a result of activities undertaken within the

scope of a joint research agreement.
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Effective January 1, 1994, a registered attorney or agent of record may sign a terminal
disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR
3.73(b).

Application No. 14/435,114

Claims 1-54, are provisionally rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1-48 of copending Application No.
14/435,114.

Although the conflicting claims are not identical, they are not patentably distinct from
each other because the composition encompasses the same drug, overlapping linker system and
same antibodies, anticipates the conjugate of a drug and a targeting moiety claimed in the
application currently under examination.

This is a provisional obviousness-type double patenting rejection because the conflicting
claims have not in fact been patented.

Application No. 15/180,203

Claims 1-54 are provisionally rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1-18 of copending Application No.
15/180,203.

Although the conflicting claims are not identical, they are not patentably distinct from
each other because the composition encompasses the same drug, overlapping linker system and
same antibodies, anticipates the conjugate of a drug and a targeting moiety claimed in the

application currently under examination.
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This is a provisional obviousness-type double patenting rejection because the conflicting
claims have not in fact been patented.

Conclusion

No claims are allowed.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KAUSER M. AKHOON whose telephone number is (571) 270-
1026. The examiner can normally be reached on M-F 8:30 AM-5:30 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Misook Yu can be reached on (571) 272-0839. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call §00-786-9199 (IN USA OR CANADA) or 571-272-1000.

/K. A./
Examiner, Art Unit 1642

/PETER J REDDIG/
Primary Examiner, Art Unit 1642
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Application No. Applicant(s)
15/180,203 MASUDA ET AL.
Office Action Summary Examiner Art Unit ATA (First Inventor o File)
KAUSER AKHOON 1642 SN‘Z*“S

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)XI Responsive to communication(s) filed on 06/13/2016.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)X Claim(s) 1-18is/are pending in the application.

5a) Of the above claim(s) ___is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7)X Claim(s) 1-18is/are rejected.
8)[1 Claim(s) ____is/are objected to.
9 Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitn /raww.usplo.gov/patenis/init_events/pph/indax.jsp or send an inquiry to PPHfeedback@uspio.qoy.

Application Papers
10)[]] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** ¢)[] None of the:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) IZ Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) Iz Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) D Other:
Paper No(s)/Mail Date 06/13/2016. 4) ther

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160626
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The present application is being examined under the pre-AIA first to invent provisions.
DETAILED ACTION
Claims 1-18 are currently pending.
Priority

Acknowledgment is made that this application is a continuation application of
14/435,114, filed April 10, 2015, which is a 371 National Stage Entry of International
Application PCT/JP13/006069, filed October 10, 2013, which claims priority to Japanese Patent
Application No. 2012-225887, filed October 10, 2016.

Information Disclosure Statement
Applicant’s Informational Disclosure Statement, filed on 06/13/2016 has been

considered. The signed and initialed PTO 1449 has been mailed with this action.

Claim Rejections - 35 USC § 103
The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all
obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed
or described as set forth in section 102 of this title, if the differences between the
subject matter sought to be patented and the prior art are such that the subject
matter as a whole would have been obvious at the time the invention was made to
a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was
made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35

U.S.C. 103(a) are summarized as follows:
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Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating obviousness
or nonobviousness.

el

This application currently names joint inventors. In considering patentability of the
claims under pre-AIA 35 U.S.C. 103(a), the examiner presumes that the subject matter of the
various claims was commonly owned at the time any inventions covered therein were made
absent any evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to
point out the inventor and invention dates of each claim that was not commonly owned at the
time a later invention was made in order for the examiner to consider the applicability of pre-
AIA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C. 102(e), (f) or (g) prior art under pre-AIA

35 U.S.C. 103(a).

Claims 1-5, 7-13 and 15-18 are rejected under pre-AIA 35 U.S.C. 103(a) as being
unpatentable over Susaki et al. (“Susaki”, US 6,835,807) in view of Boyd et al. (“Boyd”,
WO02005/112919A2).

Susaki teaches drug delivery systems (drug complexes) in which DX-8951 (exatecan,
Formula I) is linked to a GGFG tetrapeptide. (Example 1, column 17, line 1 to column 19, lines
11). Susaki teaches the use of the drug complex to act as antineoplastic agents and anti-
inflammatory agents to a tumorous site (column 28, lines 60--67). However, Susaki does not

teach the drug complex as instantly claimed.
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Boyd teaches drug complexes such as antibody drug conjugates with peptide linkers

conjugates

R (page 118) and teaches compounds such as

v:(page 120).
Boyd teaches numerous chemical linkers that are attached to the drug and attaches to the
antibody (page 39, line 15-page 53, line 22). Boyd further teaches attaching moiety of alkyl
maleimide (page 35, lines 12-18) and further teaches that alkyl are n-pentyl groups (page 28,
lines 6-13). Boyd also teaches aminobenzyl ether spacers (page 2, lines 1-7)

Therefore, it would have been obvious to one having ordinary skill in the art at the time
of the instant invention to have prepared the Susaki exatecan compositions with the linkers
taught by Boyd with a reasonable expectation of success. One having ordinary skill in the art
would have been motivated to combine the teaching of Susaki and Boyd because Boyd teaches
antibody drug conjugates using a multitude of linker and peptide bonds to append the drug to the
antibody.

Although Boyd and Susaki lists all of the linkers required by the claim, all of the
possibilities identified in Boyd and Susaki are not found in any specific embodiment, one of
ordinary skill in the art is able to "envisage" the claimed combination comprising the antibody

drug conjugate from sufficiently limited or well delineated examples, (see MPEP 2131.02).
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Regarding claims 26-28, Boyd also teaches antibodies such as CD20, CD22, PSMA,
CD30 (pages 95-96).

Regarding claim 32, Boyd teaches examples of cancers or tumors such as:

lenhosaayy

lines 7-13).

Thus, given the teachings of the prior art and level of a person of ordinary skill in the art
at the time of Applicant's invention one would have had a reasonable expectation of success in
practicing the claimed invention. Therefore, the invention as a whole was prima facie obvious to
one of ordinary skill in the art at the time the invention was made, as evidenced by the
references.

In the absence of any factual showing or unexpected results the presently claimed
compositions are considered prima facie obvious over the prior art for the reasons stated above.
In light of the forgoing discussion, the subject matter defined by the claims would have been

obvious within the meaning of 35 USC § 103(a).

Claims 1-18 are rejected under 35 U.S.C. § 103(a) as being unpatentable over Susaki
et al. (“Susaki”, US 6,835,807) in view of Boyd et al. (“Boyd”, W0O2005/112919A2), as
applied to claims 1-5, 7-13 and 15-18 and further in view of Loo et al. (“Loo”, Clin. Cancer

Res. July 15, 2012, 18, 3834-3845).
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Claim 1-5, 7-13 and 15-18 have been shown to be obvious over Susaki and Boyd above.
The teachings of Susaki and Boyd have been discussed at length above and the rational applies
herein.

Although Boyd and Susaki teach antibodies, they do not explicitly teach anti-B7-H3
antibody as instantly claimed.

Loo teaches monoclonal antibody, anti-B7-H3 antibody, which has potent antitumor
activity (Abstract).

Therefore, it would have been obvious to one having ordinary skill in the art at the time
of the instant invention to have prepared the Susaki and Boyd antibody-exatecan conjugate
compositions with anti-B7-H3 antibody taught by Loo with a reasonable expectation of success.
One having ordinary skill in the art would have been motivated to combine the teaching of
Susaki and Boyd with Loo because Loo teaches monoclonal antibody, anti-B7-H3 antibody,
which has potent antitumor activity (Abstract).

Thus, given the teachings of the prior art and level of a person of ordinary skill in the art
at the time of Applicant's invention one would have had a reasonable expectation of success in
practicing the claimed invention. Therefore, the invention as a whole was prima facie obvious to
one of ordinary skill in the art at the time the invention was made, as evidenced by the
references.

In the absence of any factual showing or unexpected results, the presently claimed
compositions are considered prima facie obvious over the prior art for the reasons stated above.
In light of the forgoing discussion, the subject matter defined by the claims would have been

obvious within the meaning of 35 USC § 103(a).
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Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent possible
harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection
is appropriate where the conflicting claims are not identical, but at least one examined
application claim is not patentably distinct from the reference claim(s) because the examined
application claim is either anticipated by, or would have been obvious over, the reference
claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re
Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may
be used to overcome an actual or provisional rejection based on a nonstatutory double patenting
ground provided the conflicting application or patent either is shown to be commonly owned
with this application, or claims an invention made as a result of activities undertaken within the

scope of a joint research agreement.
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Effective January 1, 1994, a registered attorney or agent of record may sign a terminal
disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR
3.73(b).

Application No. 14/436,458

Claims 1-18, are provisionally rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1-54 of copending Application No.
14/436,458.

Although the conflicting claims are not identical, they are not patentably distinct from
each other because the composition encompasses the same drug, overlapping linker system and
same antibodies, anticipates the conjugate of a drug and a targeting moiety claimed in the
application currently under examination.

This is a provisional obviousness-type double patenting rejection because the conflicting
claims have not in fact been patented.

Application No. 14/435.114

Claims 1-18 are provisionally rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1-48 of copending Application No.
15/180,203.

Although the conflicting claims are not identical, they are not patentably distinct from
each other because the composition encompasses the same drug, overlapping linker system and
same antibodies, anticipates the conjugate of a drug and a targeting moiety claimed in the

application currently under examination.
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This is a provisional obviousness-type double patenting rejection because the conflicting

claims have not in fact been patented.

Conclusion

No claims are allowed.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KAUSER M. AKHOON whose telephone number is (571) 270-
1026. The examiner can normally be reached on M-F 8:30 AM-5:30 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Misook Yu can be reached on (571) 272-0839. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/K. A/
Examiner, Art Unit 1642

/PETER J REDDIG/
Primary Examiner, Art Unit 1642
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15/221,851 07/28/2016 Hiroyuki NAITO 111119-0105 3964
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following e-mail address(es):

ipdocketing@foley.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
15/221,851 NAITO et al.
Office Action Summary Examiner ArtUnit | AIA Status
Patricia Duffy 1645 Yes

- The MAILING DATE of this commuunication appears on the cover sheet with the correspondernce address -
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- |IfNO period for reply is specified above, the maximum statutery period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application tc become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

eamned patent term adjustment. See 37 CFR 1.704(b).

Status
1 Responsive to communication(s) filed on 4-13-2017
O A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filedon _____
2a)(] This action is FINAL. 2b} ¥ This acticn is non-final.

3)J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4} Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parfe Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)v) Claim(s) 1-11 is/are pending in the application.
5a} Of the above claim(s) 6 and 8 is/are withdrawn from consideration.

8)] Claim(s) ___is/are allowed.

7)Y Claim(s) 1-5,7 and 9-11 is/are rejected.

8)J Claim{s) _____is/are objected to.

9) Claim(s) _____ are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http-/fwww.uspto.gov/patents/init _events/pphf/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)] The specification is objected to by the Examiner.
11)J The drawing(s) filedon __ is/are: a)] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12} Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d} or (f}.
Certified copies:

a)l] All b} Some**  ¢)d None of the:
1.0 Certified copies of the priority documents have been received.
2.[J Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application frem the International Bureau (PCT Rule 17.2(a}).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) [¥] Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
Paper No(s)/Mail Date

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 D Other:

Paper No{s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20170622
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Notice of Pre-AlA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the
first inventor to file provisions of the AlA.

Election/Restrictions
Applicant’s election of Group | claims, 1-5, 7 and 9-11 in the reply filed 4-13-2017.
Because applicant did not distinctly and specifically point out the supposed errors in the
restriction requirement, the election has been treated as an election without traverse (MPEP §
818.01(a)).
Applicants request for rejoinder is noted, however at this time the product is not
allowable and the method claims have not been rejoined. Claims 6 and 8 are withdrawn from

consideration.

Information Disclosure Statement
The information disclosure statements have been considered. Initialled copies are

enclosed.

Priority
It is noted that PCT/JP2015/000355, and Foreign priority applications filed 1/31/2014. 8,
22/2014 and 11/10/2014 are all in Japanese and no english translations have been filed. As
such, the instant filing date 7-28-2016 is the priority date for prior art purposes.

Duplicate Claim Warning

Applicant is advised that should claim 4 be found allowable, claim 5 will be objected to
under 37 CFR 1.75 as being a substantial duplicate thereof. When two claims in an application
are duplicates or else are so close in content that they both cover the same thing, despite a
slight difference in wording, it is proper after allowing one claim to object to the other as being a

substantial duplicate of the allowed claim. See MPEP § 706.03(k).

Double Patenting
The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
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improper timewise extension of the “right to exclude” granted by a patent and to prevent
possible harassment by multiple assighees. A nonstatutory double patenting rejection is
appropriate where the conflicting claims are not identical, but at least one examined application
claim is not patentably distinct from the reference claim(s) because the examined application
claim is either anticipated by, or would have been obvious over, the reference claim(s). See,
e.qg., Inre Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); /n re Goodman, 11 F.3d
1046, 29 USPQ2d 2010 (Fed. Cir. 1993); /n re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1983); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); in re Vogel, 422 F.2d
438, 164 USPQ 619 (CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA
1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may be
used to overcome an actual or provisional rejection based on nonstatutory double patenting
provided the reference application or patent either is shown to be commonly owned with the
examined application, or claims an invention made as a result of activities undertaken within the
scope of a joint research agreement. See MPEP § 717.02 for applications subject to
examination under the first inventor to file provisions of the AlA as explained in MPEP § 2159.
See MPEP §§ 706.02(1)(1) - 706.02(1)(3) for applications not subject to examination under the
first inventor to file provisions of the AlA. A terminal disclaimer must be signed in compliance
with 37 CFR 1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be used.
Please visit www.uspto.gov/patent/patents-forms. The filing date of the application in which the
form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26)
should be used. A web-based eTerminal Disclaimer may be filled out completely online using
web-screens. An eTerminal Disclaimer that meets all requirements is auto-processed and
approved immediately upon submission. For more information about eTerminal Disclaimers,

refer to www.uspto.gov/patents/process/file/efs/quidance/eTD-info-l.isp.

Please note that USSN 14/436,485, 14/435,114, 15/180,203, 15/187,179 have earlier

effective filing dates.

Claim1-5, 7 and 9-11 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claim 39, 40-44, 48-50 of copending Application No.
14/436,485 in view of Chamberlin et al (8,802,820 with an earlier filing date of October 31,
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2007) and EP 1155702 A1 published 11-21-2001; of record. Although the claims at issue are
not identical, they are not patentably distinct from each other because:
USSN 14/436,458 claim an antibody-drug conjugate comprising the antitumor compound

HO=Y
Ih,

wherein the antitumor compound is conjugated to an antibody via a linker having a
tructure represented by the following formuta:

And in claim 39:

wherein the nitrogen atom of the amino group at position 1 is the connecting position.

Claim 39 of the ‘458 application also teaches that the linker can be

~(Succinimid-3-yl-N)}-CH:CH;CH;CH;CH,-C(=0)-DGGF (SEQ ID NO. 34)-NH-CH;-
0-CH,-C(=O)NH-DX),

. The ‘458 application also claims that the peptide in the linker (Lp) can be GGFG (see
claim10). The ‘458 claims also teach that the antibody has the property of recognizing a target
cell where the target cell is as tumor cell (see claim 44). The ‘485 claims also provide for a
“drug containing the conjugate” and an antitumor drug and/or anticancer drug comprising the
conjugate or salt thereof including breast cancer (see claims 48-50). Claims 40-42 teach that
the number of antitumor compounds conjugated per antibody is in the range from 1-10, 1-8, or
3-8.. The claims differ from the instant claims by not reciting that the antibody can be the breast
cancer antibody trastuzumab (comprising SEQ ID NO:1 and 2).
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Chamberlain et al teach the amino acid sequence of tratsuzmab (SEQ ID NOS:11 and

12).

Matches
QY
Db
Qy
b
Qy
b
Qy

b

Matches
Qy
Db
Qy
Db
Qy
Db
Qy
Db
Qy
Db
Qy
Db
Qy
Db
QY

Db

Query Match
Best Local Similarity  100.0%;

Us-11-932-151-12

100.0%; Score 1110; DB 5; Length 214;

214; Conservative 0; Mismatches 0; 1Indels 0; Gaps

1

1

6l

61

121

121

181

181

Query Match
Best Local Similarity 100.0%;

DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPGKAPKLLIYSASFLYSGVPS

Perrrerrerrrerrererrrrerererrerrrer et e e e e e e e e e et
DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWY QQKPGKAPKLLIYSASFLYSGVPS

RESGSRSGTIDFTLTISSLQPEDFATYYCQQHYTTPPTFGQGTKVEIKRTVAAPSVEIFPP

Ferrrerrerrrrrrererrrrererrrrerererrr e e e e e e e e e e e
RFSGSRSGTDFTLTISSLOPEDFATYYCQQHYTTPPTFGQGTKVEIKRTVAAPSVEIFPP

SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT

Perrrerrerrrrrrerererrerrrerrerrrerrrrrrerr e e e et
SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT

LSKADYEKHKVYACEVTHQGLSSPVTKSEFNRGEC 214

PEELTEEREEE e e e et e e el
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 214

100.0%; Score 2412; DB 5; Length 450;

450; Conservative 0; Mismatches 0; Indels 0; CGaps

1

1

61

6l

121

121

181

181

241

241

301

301

361

361

421

421

EVQLVESGGGLVQPGGS LRLSCAASGENIKDTY ITHWVRQAPGKGLEWVARIYPTNGYTRY
Freererrerrrrrerererrer et et rerrer et et rre e el
EVQLVESGGGLVQPGGSLRLSCAASGENIKDTY IHWVRQAPGKGLEWVARIYPTNGYTRY

ADSVKGRETISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGEYAMDYWGQGTLVTVSS

Frerrrrretrerrere e et et e e e e e e e e e rer e
ADSVKGREFTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGEYAMDYWGQGTLVTVSS

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSS

Frererererrerrereerrrrrrr e e rrrere et e rer e e e e
ASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTEFPAVLOSS

GLYSLSSVVTIVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGG

PECEEEEre et ey e et e b et et r e eer e e e e e e et e e e
GLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTC PPCPAPELLGG

PSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN

PIEEEEE e e e e e et e e e b e e e e e e e e e e
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYN

STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKT ISKAKGQPREPQVYTLPPSRER

Frrrerrreeerrrerrrrrrerrerrrrrr e e r e e e e et e e e e
STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAFPIEKTISKAKGQPREPQVYTLP PSREE

MTKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYKT TPPVLDSDGSFFLYSKLTVDKSRW

FEErrrerer et e e e et e e e e e e e e e e e e et e
MTKNQVSLTCLVKGFYPSDIAVEWESNGGPENNYKT TPPVLDSDGSFFLYSKLTVDKSRW

QOGNVFSCSVMHEALHNHYTQKSLSLSPGK 450

Frrrerrree et errr e rerrrd
QQGNVESCSVMHEALHNHYTQKSLSLSPGK 450

0;

€0

60

120

120

180

180

120

120

180

180

240

240

300

300

360

360

420

420
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EP1155702A1 teaches conjugates of cytotoxic drugs and saccharide polymeric carriers. WP
1155702A1 teach that the peptide Gly-Gly-Phe-Gly (GGFG) are suitable hydrolysable
oligopeptide moieties (see paragraphs [0038], [0066], [0038], and [0111]).

As to claims 1-5, 7 and 9-11, it would have been prima facie obvious to one having
ordinary skill in the art at the time the invention was filed to modify the antibody-exatecan
conjugate of claim 39 having the linker

~(Succinimid-3-yl-N)-CH;CH,CH;CH;CH;-C(=0)-DGGF {SEQ ID NO. 34)-NH-CH-
O-CH;-C(=0)-(NH-DX),

of the ‘548 application by using the trastuzumab as the antibody and substituting the GGFG
hydrolysable peptide of EP1155702A1 for the DGGF peptide in the linker of the trastuzumab-
linker-exatecan conjugate because the ‘458 teaches that any antibody can be conjugated to
treat breast cancer. The substitution of one hydrolysable peptide for another in the artis prima
facie obvious as they function equivalently to release the linked drug at the appropriate site. It
would further have been prima facie prima facie obvious to conjugate from 3-8 drug molecules
per antibody according to the '458 claims and include the resulting conjugate or salt thereof in a
pharmaceutical composition or a antitumor and/or anticancer drug containing the conjugate as
modified in view of the identical claims in the ‘458 application.

This is a provisional nonstatutory double patenting rejection because the patentably

indistinct claims have not in fact been patented.

Claims 1-5, 7 and 2-11 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 13, 14, 20, 21, 22-26 and 30-33 of copending
Application No. 14/435,114 in view of Chamberlin et al (8,802,820 with an earlier filing date of
October 31, 2007). Although the claims at issue are not identical, they are not patentably distinct
from each other because:

USSN 14/435,114 claims an antibody-drug conjugate comprising the antitumor
compound
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NHy

wherein the antitumor compound is conjugated to an antibody via a linker having a
tructure represented by the following formula:

And in claim 13-14:
13.  {(Currently Amended) The antibody-drug conjugate according to any one of

claims 1 to 7 wherein the structure of the linker is one structure selected from the following

group:

-(Succinimid-3-yl-N)-CH,CH;CH;CH,CH,-C(=0)-GGFG-NH-CH,-0-CH,-C(=0)-(NH-DX}

wherein -(NH-DX) represents a group represented by the following formula:
[Formula 4]

ARTY. LKL NO. 1111190102

wherein the nitrogen atom of the amino group at position 1 is the connecting position, and

-GGFG- represents a peptide residue of -Gly-Gly-Phe-Gly-.
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14.  (Previously Presented) The antibody-drug conjugate according to any one of

claims 1 to 6, wherein the structure of the linker is one structure selected from the following
- ¥

-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH;-0-CH»-C(=0)-(NH-DX)
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,CH;-0-CH;-C(=O){NH-
DX)
-(Succinimid-3-yl-N)-CH,;CH,-C(=0)-NH-CH ;CH,0-CH,CH;0-CH,;CH,-C(=0)-GGFG-NH-
CH;CH,CH;-C(=O){NH-DX)
wherein «(NH-DX) represents a group represented by the following formula:
[Formula 5]

wherein the nitrogen atom of the amino group at position | is the connecting position.

. Claims 20 and 21 recite the identical linker and conjugation site to exatrecan.
The claims also teach that the antibody has the property of recognizing a target cell where the
target cell is as tumor cell (see claim 32). The ‘485 claims also provide for a “drug containing
the conjugate” and an antitumor drug and/or anticancer drug comprising the conjugate or salt
thereof including breast cancer (see claims 30-33). Claims 22-24 teach that the number of
antitumor compounds conjugated per antibody is in the range from 1-10, 1-8, or 3-8.. The
claims differ from the instant claims by not reciting that the antibody can be the breast cancer
antibody trastuzumab (comprising SEQ ID NO:1 and 2).

Chamberlain et al teach the amino acid sequence of trastuzmab (SEQ ID NOS:11 and
12).
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(NN RERE R RN AR RN RRRERR RN
Db 421 QQGNVFSCSVMHEALHNHYTQKSLSLSPGK 450

Query Match 100.0%; Score 1110; DB 5; Length 214;
Best Local Similarity 100.0%;
Matches 214; Conservative 0; Mismatches 0; 1Indels 0; Gaps
(%)Y 1 DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPCGKAPKLLIYSASFLYSGVPS
Prrrrrrrrererrrrererrr e et r e e e e e e e e e e e e et
Db 1 DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQOKPGKAPKLLIYSASFLYSGVES
Qy 61 RESGSRSGTDFTLTISSLOPEDFATYYCQQOHYTTPPTFGQGTKVEIKRTVAAPSVEIFPP
PEEPEEETEEr e e e e e e et e e e e e e e e e e et
Db 61 RFSGSRSGTDFTLTISSLQPEDFATYYCQQHYTTPPTEGQGTKVEIKRTVAAPSVEIFPP
Qy 121 SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQOSGNSQESVTEQDSKDSTYSLSSTLT
PEEEEEEEErr e e et er e e e re e e e et e et e e e e ettt
b 121 SDEQLKSGTASVVCLLNNFYPREAKVQWKYVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
Qy 181 LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 214
PEEEEEErrerrerrrerrrerrrre el
Cb 181 LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 214
Query Match 100.0%; Score 2412; DB 5; Length 450;
Best Local Similarity 100.0%;
Matches 450; Conservative 0; Mismatches 0; Indels 0; Gaps
Qy 1 EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTY IHWVRQAPGKGLEWVARIYPTNGYTRY
Ferrerrree et e e e e e e et et e e e et e e e
Db 1 EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTYITHWVRQAPGKGLEWVARIYPTNGYTRY
Qy 61 ADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCSRWGGDGEYAMDYWGQGTLVTVSS
Freererreererrerererrereer et rrere et et rrr e e e et
Db 61 ADSVKGRETISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGEYAMDYWGQGTLVIVSS
Qy 121 ASTKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTEPAVLQSS
PECEEEEIer e et et e e et e e v e e et e e e e e e re e
Db 121 ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSS
Qy 181 GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGG
FEEEErrree e e e e e e e e e et e et e e e e et e e e e e
Db 181 GLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTC PPCPAPELLGG
Qy 241 PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
FEEETEEre e et e e e e e e e e e e e e e e r e e e e el
Db 241 PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
Qy 301 STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREER
Frrererrerrrrrere e e e et e e e e e e e e e e e e e
Db 301 STYRVVSVLIVLHQODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE
Qy 361 MTKNQVSLTCLVKGFYPSDIAVEWESNGGPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW
Frrrerrreeerreerrrr e e e e r et e e e e e e e
Db 361 MTKNQVSLTCLVKGFYPSDIAVEWESNGGPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW
Qy 421 QQGNVFSCSVMHEALHNHYTQKSLSLSPGK 450

0;
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60

120

120

180

180

0;

€0

€0
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120
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240
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As to claims 1-5, 7 and 9-11, it would have been prima facie obvious to one having
ordinary skill in the art at the time the invention was filed to modify the antibody-exatecan
conjugate of claims 13, 14, 20 and 21 having the linker

-(S8uccinimid-3-yl-N)-CH,CH,CH,;CH;CH;-C(=0)-GGFG-NH-CH,-0-CH-C(=0)-(NH-DX) of the

‘548 application by using the trastuzumab as the antibody because the ‘114 teaches that any
antibody can be conjugated to the cytotoxic exatrecan including those treat breast cancer (claim
32) and trastuzumab was a well established antibody for treatment of breast cancer. It would
further have been prima facie prima facie obvious to conjugate from 3-8 drug molecules per
antibody according to the '458 claims and include the resulting conjugate or salt thereof in a
pharmaceutical composition or a antitumor and/or anticancer drug containing the conjugate as
maodified in view of the identical claims in the ‘114 application.

This is a provisional nonstatutory double patenting rejection because the patentably

indistinct claims have not in fact been patented.

Claims 1-5, 7 and 9-11 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 1-8 of copending allowed but not yet issued
Application No. 15/187,179 in view of Chamberlin et al (8,802,820 with an earlier filing date of
October 31, 2007). Although the claims at issue are not identical, they are not patentably distinct
from each other because:

USSN 15/187,179 claims an antibody-drug conjugate comprising the antitumor

compound
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1. (Currently Amended) An antibody-drug conjugate, wherein a linker and an antitumor
compound represented by the following formula and anti-TROP2 antibody are connected:
-(Succinimid-3-yl-N)-CH,CH,CH,CH,CH,-C(=0)-GGFG-NH-CH,-O-CH-C(=0)-(NH-DX)}

wherein

~(Succinimid-3-yl-N)- has a structure represented by the following formula;

which is connected 1o the antibody at position 3 thereof and is connected to a methylene
group in the linker structure containing this structure on the nitrogen atom at position 1, and
(NH-DX) represents a group represented by the following formula:

wherein the nitrogen atom of the amino group at position 1 is the connecting position,

wherein the anti-TROP2 antibody comprises CDRH1 consisting of the amino acid sequence of

SEQ 1D NO: 23. CDRH2 consisting of the amino acid sequence of SEQ ID NO: 24 and CDRH3

consisting of the amino acid sequence of SEQ 1D NO: 25 in its heavy chain variable region and
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2. (Original) The antibody-drug conjugate according to clzim 1, wherein an average
number of units of the selected one drug-linker structure conjugated per antibody is in a range of
from2t08,

3. (Original) The antibody-drug conjugate according to claim 1, wherein an average
number of units of the selected one drug-linker structure conjugated per antibody is in a range of
from 3 to 8.

4. (Original} A drug containing the antibody-drug conjugate according 1o claim 1 or a
salt thereof.

5. (Original) An antitumor drug and/or anticancer drug containing the antibody-drug

conjugate according to claim 1 or a salt thereof.

6. (Original} A method of treating cancer in an individual comprising administering to
an individual with cancer the drug according to claim §, wherein the cancer is lung cancer,
kidney cancer, urothelial cancer, colorectal cancer, prostate cancer, glioblastoma multiforme,
ovarian cancer, pancreatic cancer, breast cancer, melanoma, liver cancer, bladder cancer, gastric

cancer, cervical cancer, head and neck cancer, or esophageal cancer.

7. (Original) A pharmaceutical composition containing the antibody-drug conjugate
according to claim | or a salt thereof as an active component, and a pharmaceutically acceptable

formulation component.

8. (Original) A method of treating cancer in an individual comprising administening to
an individual with cancer the pharmaceutical composition according to claim 7, wherein the
cancer is lung cancer, kidney cancer, urothelial cancer, colorectal cancer, prostate cancer,
glioblastoma multiforme, ovarian cancer, pancreatic cancer, breast cancer, melanoma, liver
cancer, bladder cancer, gastric cancer, cervical cancer, head and neck cancer, or esophageal

cancer.

The claims differ by not using trastuzmab in order to treat breast cancer.
Chamberlain et al teach the amino acid sequence of trastuzmab (SEQ ID NOS:11 and
12). Which are identical to SEQ ID NO:1 and 2 recited in the claims.

As to claims 1-5, 7 and 9-11, it would have been prima facie obvious to one having
ordinary skill in the art at the time the invention was filed to modify the antibody-exatecan

conjugate of the ‘187 application by substituting the trastuzumab as the antibody for the anti-
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TROP2 antibody because the ‘187 teaches that any antibody conjugate can be conjugated to
the cytotoxic exatrecan including those treat breast cancer and trastuzumab was a well
established antibody for treatment of breast cancer and as such it would have been prima facie
obvious to one having ordinary skill in the art at the time of filing to substitute one breast cancer
targeting antibody for another.

This is a provisional nonstatutory double patenting rejection because the patentably
indistinct claims have not in fact been patented. In view of the notice of allowance mailed 5-18-
2017 in the 187 application indicating allowability of the claims therein, should the 203
application issue in the interim, this rejection will be converted to an actual double patenting

rejection.

Claims 1-5, 7 and 9-11 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 1-8 of copending allowed but not yet issued
Application No. 15/180,203 in view of Chamberlin et al (8,802,820 with an earlier filing date of
October 31, 2007). Although the claims at issue are not identical, they are not patentably distinct
from each other because:

USSN 15/180,203 claims an antibody-drug conjugate comprising the antitumor

compound:
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1. (Original) An antibody-drug conjugate, comprising

a linker that is connected to an antibody, represented by the following formula:
«(Succinimid-3-yl-N)-CH2CH;CH;CH,CH;-C{=0)-GGFG-NH-CH;-0-CH,-C(=0)-
and

an antitumor compound that is connected to the linker,

wherein

~(Succinimid-3-yl-N}- has a structure represented by the following formula:

j:“(‘"_

(o)

which is connected to the antibody at position 3 thereof and is connected to a methylene group in

the linker containing this structure on the nitrogen atom at position 1, and

the antitumor compound is connected to the carbon atom of the carbonyl group within the -NH-
CH-0-CH;-C(=0)- moiety.
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2. (Currently Amended) The antibody-drug conjugate according to claim 1, wherein the linker
liker and the antitumor compound are in the following structure:

-(Succinimid-3-y1-N)-CH:CH,CH;CHyCH2-C(=0)-GGFG-NH-CH;-0-CH5-C(=0)-(NH-DX)
wherein

-(NH-DX) represents a group represented by the following formula:

4829-0080-1862.1

Aity. Dkt. No. 111119-0111

wherein the nitrogen atom of the amino group at position 1 is the connecting position.



OnCusp

2070 of 14295 Ex. 1002
Application/Control Number: 15/221,851 Page16
Art Unit: 1645

3. (Original) The antibody-drug conjugate according to claim 1, wherein an average of 2 to 8

linker and antitumor compound structures are conjugated to the antibody.

4. (Original) The antibody-drug conjugate according to claim 1, wherein an average of 3 to 8

linker and antitumor compound structures are conjugated to the antibody.

5. (Original) The antibody-drug conjugate according to claim 1, wherein the antibody is an anti-
B7-H3 antibody, an anti-CD30 antibody, an anti-CD33 antibody, or an anti-CD70 antibody.

6. (Original) The antibody-drug conjugate according to claim 1, wherein the antibody is an anti-
B7-H3 antibody.

7. (Original) A drug containing the antibody-drug conjugate according to claim 1, or a salt

thereof.

8. (Original) An antitumor drug and/or anticancer drug containing the antibody-drug conjugate

according 10 claim 1, or a salt thereof.

9. (Original) A method of treating cancer in an individual comprising administering to an
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individual with cancer the drug according to claim 8, wherein the cancer is lung cancer, kidney
cancer, urothelial cancer, colorectal cancer, prostate cancer, glioblastoma multiforme, ovarian
cancer, pancreatic cancer, breast cancer, melanoma, liver cancer, bladder cancer, stomach cancer,

or csophageal cancer.

10. (Original) A pharmaccutical composition containing the antibody-drug conjugate according
to claim |, or a salt thereof as an active component, and a pharmaceutically acceptable

formulation component.

11. (Original) The antibody-drug conjugate according to claim 2, wherein an average of 2 to 8

linker and antitumor compound structurcs are conjugated to the antibody.

12. (Original) The antibody-drug conjugate according te claim 2. wherein an average of 3to 8
linker and antitumor compound structures are conjugated to the antibody.

13. (Original) The antibody-drug conjugate according to claim 2, whercin the antibody is an
anti-B7-H3 antibody, an anti-CD30 antibody, an anti-CD33 antibody, or an anti-CD70 antibody.

14. {Original) The antibody-drug conjugate according to claim 2, wherein the antibody is an
anti-B7-H3 antibody.

15. (Original) A drug containing the antibody-drug conjugate according to claim 2, or a salt
thereof.

16. (Original) An antitumor drug and/or anticancer drug containing the antibody-drug conjugate

according to claim 2, or a salt thereof.

The claims differ by not using trastuzmab in order to treat breast cancer.
Chamberlain et al teach the amino acid sequence of trastuzmab (SEQ ID NOS:11 and

12). Which are identical to SEQ ID NO:1 and 2 recited in the claims.

As to claims 1-5, 7 and 9-11, it would have been prima facie obvious to one having
ordinary skKill in the art at the time the invention was filed to modify the antibody-exatecan

conjugate of the ‘203 application by using trastuzumab as the antibody in the conjugate
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because the ‘203 teaches that any antibody conjugate can be conjugated to the cytotoxic
exatrecan including those treat breast cancer and trastuzumab was a well established antibody
for treatment of breast cancer and as such it would have been prima facie obvious to one
having ordinary skill in the art at the time of filing to substitute one breast cancer targeting
antibody for another.

This is a provisional nonstatutory double patenting rejection because the patentably
indistinct claims have not in fact been patented. In view of the notice of allowance mailed 5-
23-2017 in the ‘203 application indicating allowability of the claims therein, should the
203 application issue in the interim, this rejection will be converted to an actual double

patenting rejection.

Claims 1-5, 7 and 9-11 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 1-16 of copending 15/285,156 in view of
Chamberlin et al (8,802,820 with an earlier filing date of October 31, 2007). Although the claims
at issue are not identical, they are not patentably distinct from each other because:

USSN 15/285,156 claims an antibody-drug conjugate comprising the antitumor
compound:
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1 {Currently Amended) An antibody-drug conjugate, wherein a linker and an
antitumor compound represented by the following formula and anti-HER3 antibody are
connected:

-{Succinimid-3-yI-N)-CH;CH;CH,CH,CH;-C(=0}-GGFG (SEQ ID NO: 585}-NH-CH;-
0-CH;-C(=0){(NH-DX)

wherein

-(Succinimid-3-yl-N)- has a structure represented by the following formula:

which is connected 1o the antibody at position 3 thereof and is connected to a methylene
group in the linker structure containing this structure on the nitrogen atom at position 1, and
(NH-DX) represents a group represented by the following formula:

H
K N -

(o]
j o
wherein the nitrogen atom of the amino group at position 1 is the connecting position.

2 {Original) The antibody-drug conjugate according to claim 1, wherein an average

number of units of the drug-linker structure conjugated per antibody is in a range of from 2 to 8.
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3 {Original) The antibody-drug conjugate according to claim 1, wherein an average
number of units of the drug-linker structure conjugated per antibody is in a range of from 3 to 8.

4, {Original) A drug containing the antibody-drug conjugate according 1o claim 1 or
a salt thereof,

5. {Original) An antitumor drug and/or anticancer drug containing the antibody-drug

conjugate according to claim 1 or a salt thereof.

6. {Original) A method of treating cancer in an individual comprising administering
to an individual with cancer the drug according to claim 5, wherein the cancer is lung cancer,
kidney cancer, urothelial cancer, colorectal cancer, prostate cancer, glioblastoma multiforme,
ovarian cancer, pancreatic cancer, breast cancer, melanoma, liver cancer, bladder cancer, gastric
cancer, gastrointestinal stromal tumor, cervical cancer, head and neck cancer, esophageal cancer,
epidermoid cancer, peritoneal cancer, adult glioblastoma multiforme, hepatic cancer,
hepatocellular carcinoma, colon cancer, rectal cancer, colon and rectal cancer, endometrial
cancer, uterus cancer, salivary cancer, renal cancer, vulval cancer, thyroid cancer, hepatic

carcinoma, anus carcinoma, or penis cancer.

7. {Original) A pharmaceutical composition containing the antibody-drug conjugate
according to claim 1 or a salt thereof as an active component, and a pharmaceutically acceptable

formulation component.

8. {Original) A method of treating cancer in an individual comprising administering
to an individual with cancer the pharmaceutical composition according to claim 7, wherein the
cancer is lung cancer, kidney cancer, urothelial cancer, colorectal cancer, prostate cancer,

glioblastoma multiforme, ovarian cancer, pancreatic cancer, breast cancer, melanoma, liver

The claims differ by not using trastuzmab that binds HERZ2 in order to treat breast
cancer.

Chamberlain et al teach the amino acid sequence of trastuzmab (SEQ ID NOS:11 and
12). Which are identical to SEQ ID NO:1 and 2 recited in the claims.
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As to claims 1-5, 7 and 9-11, it would have been prima facie obvious to one having
ordinary skill in the art at the time the invention was filed to modify the antibody-exatecan
conjugate of the ‘156 application by substituting the anti-HER2 trastuzumab antibody for the
anti-HER3 antibody in the conjugate because the ‘156 teaches that the HER3 antibody
conjugate can be conjugated to the cytotoxic exatrecan to treat cancer including breast cancer
and it would have been prima facie obvious at the time of invention to substitute the anti-breast
cancer antibody, trastuzumab as it was a well established antibody for treatment of breast
cancer and as such it would have been prima facie obvious to one having ordinary skKill in the art
at the time of filing to substitute one breast cancer targeting antibody for another.

This is a provisional nonstatutory double patenting rejection because the patentably

indistinct claims have not in fact been patented.

Claims 1-5, 7 and 9-11 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 1, 2, 5, 18, 12 and 21-28 of copending 15/302,803
optionally in view of Chamberlin et al (8,802,820 with an earlier filing date of October 31, 2007).
Although the claims at issue are not identical, they are not patentably distinct from each other
because:

The ‘803 application claims an antibody-drug conjugate where the drug is exatecan.

Claim 1 recites the following formula:
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1. (Original) An antibody-drug conjugate wherein an antitumor compound
represented by the following formula:
[Formula 1]

oNH;

e

is conjugated to an anti-HER? antibody via a linker having a structure represented by the
following formula:

-L'-LZL -NH-(CHpn'-L*-L*L% or -L"-L*-L"-

wherein

the anti-HER2 antibody is connected to the terminal L', the antitumor compound is
connected to the terminal L¢ or L” with the nitrogen atom of the amino group at position | as the
connecting position,

wherein

n' represents an integer of 0 to 6,

L' represents -(Succinimid-3-yl-N)CH)n?-C(=0)-, «(Succinimid-3-yl-N)-CH[(CH_)n’-
COOHJC(=0}-, (Succinimid-3-yl-N)}-CH,CH»-[N(-CH,-COOH)]-CH+(C=0)-, -CH-C(=0)-
NH«CH,)n'-C(=0)-, -C(=0)-cyc.Hex(1 4)-CH,-(N-ly-3-diminiccuS)-, or -C(=0)~(CH;)n"-
C(=0}.

-3-
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wherein n’ represents an integer of 2 to 8, n’ represents an integer of 1 1o 8, n’*
represents an integer of | to 8, and n’ represents an integer of | to 8,

L? represents -NH-(CH;CH;-Om®-CH;CH,-C(=0)-, -N[-(CH,CH,-O)n -CH;CH,-OH]}-
CH;-C(=0)-, -NH-CH,;CH;-{N(-CH;-COOH)}-CH,;«C=0)-, -NH-[CH(-CH;-COCH)}-CH;-
(C=0)-, -NH-[CH(-CH;-COOH)]-CH;-0-CH;3-(C=0)-, -S(CH;)n*-C(=0)-, or a single bond,

wherein n® represents an integer of 0 10 6, n’ represents an integer of 1 to 4, and n®
represents an integer of | to 6,
L" represents a peptide residue consisting of 2 to 8 amino acids,
L? represents -C(=0)-NH-, -NR'(CHj)n’-, -O-, or a single bond,
wherein n’ represents an integer of 1 to 6, R' represents a hydrogen atom, an alkyl
group having | 10 6 carbon atoms, (CH2)n®-COOH, or (CH)n>-OH, n* represents an integer of
110 4, and n® represents an integer of 1 10 6,
L® represents -CR’(-R")-, -O-, -NR'-, or a single bond,
wherein R? and R’ each independendy represent a hydrogen atom, an alkyl group
having 1 to 6 carbon atoms, -(CH;n*-NH;, {CH3)n?-COOH, or (CHa)n’-OH, R* represents a
hydrogen atom or an alkyl group having 1 to 6 carbon atomns, n° represents an integer of 0 to 6,
n represents an integer of 1 to 4, n® represents an integer of | to 4, and when n® is 0, R? and R’
are not the same,

L® represents -CH;- or -C(=0)-,

-(Succinimid-3-yl-N)- has a structure represented by the following formula:

[Formula 2]

(o]

C

which is connected to the antibody at position 3 thereof and is connected to the
methylene group in the linker structure containing this structure on the nitrogen atom at position
1,
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-(N-ly-3-diminiccuS)- has a structure represented by the following formula:
[Formula 3]

0
—N

o]

which is connected to L at position 3 thereof and is connected to the methylene group in
the linker structure containing this structure on the nitrogen atom at position |,

cyc.Hex(1,4) represents a 1,4cyclohexylene group, and

when L2 is -S<(CH;n*-C(=0)-, L' is -C(=0)-cyc.Hex(1,4)-C H;«(N-ly-3-diminiccuS)-.

3. (Original) The antibody-drug conjugate according to claim 2, wherein L is -
C(=0)-.

5 (Previously Presented) The antibody-drug conjugate according to claim 3,
wherein -NH-(CH;)n'-L*-L®- in the linker is a structure selected from the following group:
-NH-CH;-,
-NH-CH,;CH;-,
\ -NH-CH,CH:CH:-,
«NH-CH;-0-CH;-, and
-NH-CH;CH;-0-CH;-.

7.\(Previously Presented) The antibody-drug conjugate according to claim 1,
wherein L' is -(Succinimid-3-yl-N)(CHy)n’-C(=O)-, and L’ is a single bond or is -NH-
(CH,CH,-O)n°-CH,CH,-C(=0)-, -N[-(CH,CH;-O)n’-CH,CH;-OH]-CH,-C(=0)-, -NH-[CH(-
CH,-COOH)}-CH;<(C=0)-, -NH-CH;CH;-[N(-CH;-COOH))-CH,{C=0)-, or -NH-[CH(-CH»
COOH))-CH-0-CH{C=0)-.

19.  (Currently Amended) The antibody-drug conjugate according to claim 2, wherein
L" is GGFG(SEQ ID NO: 3) or DGGFG(SEQ ID NO; 10).
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Claims 21-28 recite salts, pharmaceutical and drug compositions comprising the
conjugate.
As to claims 1-5 and 7, it would have been prima facie obvious at the time the invention

was filed to select the conjugate of claim or claim 2 of the ‘803 claims having L1

o - ~ &’ ar

L' is -(Succinimid-3-yl-N){CH)n’-C(=O)-, and L is a single bond 15¢0rding to claim 7 where n2=5
Lp is GGFG according to claim 18 or 19, Lalb is -NH-CH,-O-CH-, according to claim 5, Lc

C(=0)-. according to claim 3 and connected to the antibody at position 3 and the
methylene group in the linker structure at position 1 according to claim 1 to arrive at the claimed
conjugate according to claims 1-5 and 7 of the instant application as the selection of specifically
called out functionally equivalent variations of a generic formula is prima facie obvious. All the
structures of the claimed invention are set forth in the claims, but not found in any specific
claimed embodiment, one of ordinary skKill in the art is able to envisage the claimed combination
from the sufficiently limited and well defined embodiments called out in the claims of the ‘803
application. The invention as a whole is prima facie obvious at the time of filing.

Chamberlain et al teach the amino acid sequence of trastuzmab (SEQ ID NOS:11 and
12). Which are identical to SEQ ID NO:1 and 2 recited in the claims (see alighments above).

As to claims 1-5, 7, and 9-11 it would have been prima facie obvious to the skilled
artisan at the time of filing to substitute the anti-HER2 monoclonal antibody trastuzmab for the
generic anti-HER2 antibody in the conjugate as modified above because the substitution of one

functionally equivalent is prima facie obvious.

Claim Rejections - 35 USC § 103

It is noted that PCT/JP2015/000355, and Foreign priority applications filed
1/31/2014, 8/22/2014 and 11/10/2014 are all in Japanese and no english translations have
been filed to establish priority. As such, the instant filing date 7-28-2016 is the priority
date for prior art purposes.

In the event the determination of the status of the application as subject to AIA 35 U.S.C.
102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the
statutory basis for the rejection will not be considered a new ground of rejection if the prior art

relied upon, and the rationale supporting the rejection, would be the same under either status.
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The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousnhess
rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed

invention is not identically disclosed as set forth in section 102, if the differences between the

claimed invention and the prior art are such that the claimed invention as a whole would have

been obvious before the effective filing date of the claimed invention to a person having

ordinary skill in the art to which the claimed invention pertains. Patentability shall not be

negated by the manner in which the invention was made.

Claims 1-5, 7 and 9-11 are rejected under 35 U.S.C. 103 as being unpatentable over
WO 2014/061277 published 4-2-2014 hereinafter references as 277; English language
equivalent of specification and claims provided from European family member in view of
Chamberlin et al (8,802,820 with an earlier filing date of October 31, 2007).

The ‘277 WIPO document teaches and claims;

Antibody drug conjugates of exatrecan. Exatrecan is the drug of the instant claims.
See for example claim 39 of the '277 document.

wherein the nitrogen atom of the amino group at position 1 is the connecting position.

Claim 39 of the ‘458 application also teaches that the linker can be

-(Succinimid-3-yl-N)-CHCH,;CH,CH,CH,-C(=0)-DGGF {SEQ 1D NO, 34)-NH-CH>-
O-CH-C(=0)-(NH-DX),

. The ‘277 publication also indicates that the peptide in the linker (Lp) can be GGFG (see
claim10). The ‘277 claims also teach that the antibody has the property of recognizing a target
cell where the target cell is as tumor cell (see claim 44). The ‘277 claims also provide for a
“drug containing the conjugate” and an antitumor drug and/or anticancer drug comprising the
conjugate or salt thereof including breast cancer (see claims 48-50). Claims 40-42 teach that
the number of antitumor compounds conjugated per antibody is in the range from 1-10, 1-8, or

3-8. The claims differ from the instant claims by not reciting that the antibody can be the breast
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cancer anti-HER2 antibody and the anti-HER2 antibody trastuzumab (comprising SEQ ID NO:1
and 2) in particular. The ‘277 publication teaches that the antibody drug conjugate can contain
a salt or hydrate thereof see paragraphs 76-78 of translation. The 277 publication teaches that
the conjugates can be used to treat breast cancer at paragraph 78. The 277 publication differs
by not teaching an anti-HER-2 antibody and trastuzmab in particular and does not exemplify the
specifically claimed linker of claims 1-5, 7 and 9-11.

Chamberlain et al teach the amino acid sequence of the anti-HER2 antibody, trastuzmab
(SEQ ID NOS:11 and 12) which are 100% identical as compared to SEQ ID NO:1 and 2 of the
instant claims..
U5-11-932-151-12

Query Match 100.0%; Score 1110; DB 5; Length 214;

Best Local Similarity  100.0%;
Matches 214; Conservative 0; Mismatches 0; Indels 0; Gaps 0;

Qy 1 DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPGKAPKLLIYSASFLYSGVES 60
I{III\HIII\||||II\||||IIHIII||||||||||||||||H|||||I|||I||

Db 1 DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPGKAPKLLIYSASFLYSGVPS 60

Qy 61 RFSGSRSGTDFTLTISSLQPEDFATYYCQQHYTTPPTFGQGTKVEIKRTVAAPSVFIFPP 120
Perrerrrerrrrrrrerrrrerrrererrrrererrrer et e e errrr et erntd

Db 61 RFSGSRSGTDFTLIISSLQPEDFATYYCQQHYTTPPTFGQGTKVEIKRTVAAPSVFIFPP 120

Qy 121 SDEQLKSGTASVVCLINNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT 180
PERTEETREE e e e e e e r e e et e e e e e e e e e e e e e e e e e eyl

Db 121 SDEQLKSGTASVVCLLNNFYPREAKVQOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT 180

Qy 181 LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 214

PEETEEETEE e et et
Db 181 LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC 214
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Query Match 100.0%; Score 2412; DB 5; Length 450;
Best Local Similarity  100.0%;
Matches 450; Conservative 0; Mismatches 0; Indels 0; Gaps 0;
Qy 1 EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHWVRQAPGKGLEWVARIYPTNGYTRY 60
Freererrerrrrrerererre e et e e e e e e e e e e e e
Db 1 EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTY IHWVRQAPGKGLEWVARIYPTNGYTRY 60
Qy 61 ADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCSRWGGDGEFYAMDYWGQGTLVIVSS 120
freerrrrerreerreerrrrerrrrerrrrrrrrerrrrrrr e e el
Db 61 ADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCSRWGGDGEYAMDYWGQGTLVTIVSS 120
Qy 121 ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSS 180
Freererrerrrrrere e rre e et e e e e e e e e e e e
Db 121 ASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSS 180
Qy 181 GLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGG 240
Frrrerrrererreerrrrrrer e e e et e et e e et e e
Db 181 GLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGG 240
Qy 241 PSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVENAKTKPREEQYN 300
Frrererrerrrrrere e e e e e e e e et e e e e e e
Db 241 PSVFLFPPKPKDILMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN 300
Qy 301 STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE 360
Freererrerrrrrerererrer et et e et e e e e e e el
Db 301 STYRVVSVLIVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE 360
Qy 361 MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW 420
Ferrerrreeerrrerrrrrre e et et e e e et e
Db 361 MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW 420
Qy 421 QOQGNVFSCSVMHEALHNHYTQKSLSLSPGK 450
FEEErErre et rre et ietd
Db 421 QQGNVFSCSVMHEALHNHYTQKSLSLSPGK 450

As to claims 1-5, 7 and 9-11, it would have been prima facie obvious to one having
ordinary skill in the art at the time the invention was filed to modify the antibody-exatecan
conjugate of claim 39 having the linker

-(Succinimid-3-yl-N)-CH;CH;CH,CH,CH:-C(=0)-DGGF (SEQ ID NO, 34)-NH-CH:-
0-CH;-C(=0)(NH-DX),

of the 277 publication by using the trastuzumab as the antibody for targeting breast cancer and
substituting the GGFG hydrolysable peptide of claim 10 for DGGF in the linker of claim 39 of the
‘277 publication in the linker of the trastuzumab-linker-exatecan conjugate as modified above
because the ‘277 publication teaches that antibody-linker-drug conjugates are useful for treating
breast cancer and antibodies targeting breast cancer can be conjugated in order to treat breast
cancer. The substitution of one disclosed hydrolysable peptide for another in the linker in this

art is prima facie obvious as they function equivalently to release the linked drug at the
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appropriate site according to the ‘277 disclosure. It would further have been prima facie prima
facie obvious to conjugate from 3-8 exatecan drug molecules per antibody according to the 277
disclosure/claims and include the resulting conjugate or salt thereof in a pharmaceutical
composition(s) or a antitumor and/or anticancer drug containing the conjugate as modified in
view of the identical claims in the ‘277 publication as suitable for antibody-linker-drug

conjugates.

Claims 1-5, 7 and 9-11 stand rejected. Claims 6 and 8 are withdrawn from

consideration.

Conclusion

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to PATRICIA DUFFY whose telephone number is (571)272-0855. The
examiner can normally be reached on 7:30 am-4 pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Gary Nickol can be reached on 571-272-0835. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you
would like assistance from a USPTO Customer Service Representative or access to the
automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/PATRICIA DUFFY/
Primary Examiner, Art Unit 1645
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The present application, filed on or after March 16, 2013, 1s being examined under the

first inventor to file provisions of the AIA.
DETAILED ACTION
Claims 1-8 are currently pending.
Priority

Acknowledgment 1s made that this application is a continuation application of 15/187,179
(US patent 9,850,312), filed June 20, 2016, 371 National Stage Entry of International
Application PCT/JP14/006421, filed December 24, 2014, which claims priority to Japanese
Patent Application No. 2013-267548, filed December 25, 2013.

Information Disclosure Statement
Applicant’s Informational Disclosure Statement, filed on 11/22/2017 has been

considered. The signed and initialed PTO 1449 has been mailed with this action.

Claim Rejections - 35 USC § 103
In the event the determination of the status of the application as subject to AIA 35 U.S.C.
102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any correction of the
statutory basis for the rejection will not be considered a new ground of rejection if the prior art

relied upon, and the rationale supporting the rejection, would be the same under either status.

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness
rejections set forth in thas Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the
claimed invention is not identically disclosed as set forth in section 102, if the
differences between the claimed invention and the prior art are such that the
claimed invention as a whole would have been obvious before the effective filing
date of the claimed invention to a person having ordinary skill in the art to which
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the claimed mvention pertains. Patentability shall not be negated by the manner in
which the mvention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459
{1966), that are applied for establishing a background for determining obviousness under 35
U.S.C. 103 are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaiming the differences between the prior art and the claims at 1ssue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating obviousness or
nonobviousness.

This application currently names joint inventors. In considering patentability of the
claims the examiner presumes that the subject matter of the various claims was commonly
owned as of the effective filing date of the claimed invention(s) absent any evidence to the
contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor and
effective filing dates of each claim that was not commonly owned as of the effective filing date
of the later invention in order for the examiner to consider the applicability of 35 U.S.C.

102(b)}(2)(C) for any potential 35 U.S.C. 102(a)}(2) prior art against the later invention.

Claims 1-8 are rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over Susaki
et al. (“Susaki”, US 7,041,818, cited in IDS submitted 11/22/2017) in view of Govidan et al.
{(“Govidan”, US2011/0293513, cited in IDS submitted 11/22/2017) and Flygare et al.

{(“Flygare”, US2012/0121615, cited in IDS submitted 11/22/2017).
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Susaki teaches drug delivery systems (drug complexes) in which DX-8951 (exatecan,

Formula I ((15,95)-1-Amino-9-ethyl-5-fluoro-1,2,3,9,12,15-
hexahydro-9-hydroxy-4-methyl-10/,13 H-benzo(de)pyrano(3',4':6,7)
indolizino(1,2-b)quinoline-10,13-dione)) is linked to a GGFG tetrapeptide. (Example 2, column
19, lines 50-60). Susaki teaches the drug bound by means of a spacer comprising GGFG
tetrapeptide (column 6, lines 1-15). Susaki teaches that the tetrapeptide GGFG as having a high
releasing rate (Table 1, column 10, line 8). Susaki teaches that the linker may be —O-(CHz2)u-
NH- where n is 1-16 (column 11, lines 48-52). Susaki teaches the use of the drug complex to
treat liver cancer (claim 18, column 5, lines 1-8). However, Susaki does not teach the antibody
drug conjugate with anti-TROP2 antibody and the linkers as instantly claimed.

Flygare teaches antibody drug conjugates using thiol reactive electrophilic functional
group, maleimidocaproyl attached to an amino acid spacer attached to a drug moiety
(maytansinoid) (page 16, paragraph [0144-0145] and Figure 1a).

Govidan teaches antibody drug conjugates having hRS7 which 1s an anti-TROP2
antibody with a drug (pagel 6, paragraph [0102] and Table 2, page 35).

Therefore, it would have been obvious to one having ordinary skill in the art at the time
of the instant invention to have prepared the antibody drug conjugate using the Susaki exatecan
linked to GGFG tetrapeptide compositions with maleimidocaproyl taught by Flygare with the

anti-TROP2 antibody of Govidan with a reasonable expectation of success. One having ordinary
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skill in the art would have been motivated to combine the teaching of Susaki, Flygare and
Govidan because Susaki teaches that the GGFG tetrapeptide has a high releasing rate (Table 1,
column 10, line 8) and Flygare teaches that maleimidocaproyl group is thio reactive group for
conjugating antibodies to the drug.

Although Flygare, Govidan and Susaki lists all of the linkers required by the claim, all of
the possibilities identified in Flygare, Govidan and Susaki are not found in any specific
embodiment, one of ordinary skill in the art is able to "envisage" the claimed combination
comprising the antibody drug conjugate from sufficiently limited or well delineated examples,
(see MPEP 2131.02). Thereby meeting the limitations of claims 1 and 4-5.

Regarding claims 2 and 3, Govidan teaches that hRS7 antibody conjugates typically 5 to
7 drugs per antibodies (Table 2, page 35, paragraph [0195]).

Regarding claims 6 and 8, Susaki teaches the use of the drug complex to treat liver cancer
(claim 18, column 5, lines 1-8).

Regarding claim 7, Susaki teaches pharmaceutical preparations (column 15, lines 25-36).

Thus, given the teachings of the prior art and level of a person of ordinary skill in the art
at the time of Applicant's invention one would have had a reasonable expectation of success in
practicing the claimed invention. Therefore, the invention as a whole was prima facie obvious to
one of ordinary skill in the art at the time the invention was made, as evidenced by the
references.

In the absence of any factual showing or unexpected results the presently claimed
compositions are considered prima facie obvious over the prior art for the reasons stated above.
In light of the forgoing discussion, the subject matter defined by the claims would have been

obvious within the meaning of 35 USC § 103(a).
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The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent possible
harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection
is appropriate where the conflicting claims are not identical, but at least one examined
application claim is not patentably distinct from the reference claim(s) because the examined
application claim is either anticipated by, or would have been obvious over, the reference
claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re
Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re
Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163
USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may
be used to overcome an actual or provisional rejection based on a nonstatutory double patenting
ground provided the conflicting application or patent cither is shown to be commonly owned
with this application, or claims an invention made as a result of activities undertaken within the
scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal
disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR

3.73(b).



OnCusp

2092 of 14295 Ex. 1002
Application/Control Number: 15/821,662 Page 7
Art Unit: 1642

Application No. 14/435.114

Claims 1-8, are provisionally rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1, 6, 8-14, 22-35 and 39-55 of copending
Application No. 14/435,114 in view of Govidan et al. (“Govidan”, US2011/0293513).

Copending claims composition encompasses the same drug, overlapping linker system
and antibodies, however do not teach anti-TROP2 antibody. Govidan teaches antibody drug
conjugates having hRS7 which is an anti-TROP2 antibody with a drug (page16, paragraph
[0102] and Table 2, page 35).

Therefore, it would have been obvious to have prepared the copending antibody drug
conjugate using the anti-TROP2 antibody of Govidan with a reasonable expectation of success.

This 1s a provisional obviousness-type double patenting rejection because the conflicting

claims have not in fact been patented.

Application No. 14/436,458, issued US 9,872,924

Claims 1-8, are rejected on the ground of nonstatutory obviousness-type double patenting
as being unpatentable over claims 1-47 of US Patent 9,872,924 in view of Govidan et al.
(“Govidan”, US2011/0293513).

Patented claims composition encompasses the same drug, overlapping linker system and
antibodies, however do not teach anti-TROP2 antibody. Govidan teaches antibody drug
conjugates having hRS7 which is an anti-TROP2 antibody with a drug (pagel6, paragraph
[0102] and Table 2, page 35).

Therefore, it would have been obvious to have prepared the copending antibody drug

conjugate using the anti-TROP2 antibody of Govidan with a reasonable expectation of success.
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Application No. 15/180,203, issued US 9.808.537

Claims 1-8 are rejected on the ground of nonstatutory obviousness-type double patenting
as being unpatentable over claims 1-18 of US Patent 9,808,537 in view of Govidan et al.
{“Govidan”, US2011/0293513).

Patented claims composition encompasses the same drug, overlapping linker system and
antibodies, however do not teach anti-TROP2 antibody. Govidan teaches antibody drug
conjugates having hRS7 which is an anti-TROP2 antibody with a drug (pagel6, paragraph
[0102] and Table 2, page 35).

Therefore, it would have been obvious to have prepared the copending antibody drug

conjugate using the anti-TROP2 antibody of Govidan with a reasonable expectation of success.

Application No. 15/187.179, issued US 9.850.312

Claims 1-8 are rejected on the ground of nonstatutory obviousness-type double patenting
as being unpatentable over claims 1-18 of US Patent 9,850,312.
Patented claims are drawn to composition encompassing the same drug, overlapping

same linker system and antibodies. Patented claims anticipate instant claims.

Conclusion
No claims are allowed.
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KAUSER M AKHOON whose telephone number is (571)270-

1026. The examiner can normally be reached on Monday-Friday IFP 8:00-:00.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Misook Yu can be reached on 571-272-0839. The fax phone number for the
organization where this application or proceeding is assigned 1s 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Flectronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/K.A/
Examiner, Art Unit 1642

/MARK HALVORSON/
Primary Examiner, Art Unit 1642
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

22428 7590 06/13/2018 | EXAVINER |
Foley & Lardner LLP DUFFY, PATRICIA ANN
3000 K STREET N.W.
SUITE 600 | ART UNIT PAPER NUMBER |
WASHINGTON, DISTRICT OF COLUMBIA 20007-5109 1645

UNITED STATES OF AMERICA DATE MAILED: 06/13/2018

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

15/221,851 07/28/2016 Hiroyuki NAITO 111119-0105 3964

TITLE OF INVENTION: ANTI-HER2 ANTIBODY-DRUG CONJUGATE

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 09/13/2018

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of maintenance
fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

22428 7590 06/13/2018
Foley & Lardner LLP
3000 K STREET N.W.

SUITE 600

WASHINGTON, DISTRICT OF COLUMBIA 20007-5109

UNITED STATES OF AMERICA

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)

(Date)l

I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/221,851 07/28/2016 Hiroyuki NAITO 111119-0105 3964
TITLE OF INVENTION: ANTI-HER2 ANTIBODY-DRUG CONJUGATE
| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 09/13/2018
I EXAMINER | ART UNIT CLASS-SUBCLASS |
DUFFY, PATRICIA ANN 1645 424-181100
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list 1
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 2

M| Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 3
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

|95}

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASENOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for recordation
as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual [ Corporation or other private group entity (] Government

4a. The following fee(s) are submitted:
(] Issue Fee

[ Publication Fee (No small entity discount permitted)

[ Advance Order - # of Copies

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ A check is enclosed.
M| Payment by credit card. Form PTO-2038 is attached.

(I The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. [  CONFIRMATION NO. |
15/221,851 07/28/2016 Hiroyuki NAITO 111119-0105 3964
22428 7590 06/13/2018 | EXAVINER |
Foley & Lardner LLP DUFFY, PATRICIA ANN
3000 K STREET N.W.
SUITE 600 | ART UNIT PAPER NUMBER |
WASHINGTON, DISTRICT OF COLUMBIA 20007-5109 1645

UNITED STATES OF AMERICA DATE MAILED: 06/13/2018

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5§ U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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] - 15/221,851 NAITO et al.
Notice of Allowability Examiner Art Unit AlA Status
Patricia Duffy 1645 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.4} This communication is responsive to 5-29-2018.
[J A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3.} The allowed claim(s) is/are 1-4,7 and 9-11 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4.[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) JAIl b) (JSome  *c) [J None of the:
1. [0 Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No. ___
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file areply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
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Abstract DE-310, a new macromolecular prodrug, was
designed to enhance the pharmacological profiles of a
novel camptothecin analog (DX-8951f), and a single
treatment with DE-310 exhibits a similar or greater
therapeutic effect than do optimally scheduled multiple
administrations of DX-8951f in several types of tumors.
In this study, the drug-release mechanism by which DE-
310 excites antitumor activity was investigated in Meth
A cells, a2 malignant ascites model of murine fibrosar-
coma. A single i.v. injection of DE-310 at the maximum
tolerated dose (MTD) prolonged survival of Meth
A-bearing mice by 300%. DX-8951 and glycyl-8951
(G-DX-8951), enzymatic cleavage products of DE-310,
were detected in serum and ascites fluid, and also in the
culture medium of Meth A ascites cells incubated in
vitro with DE-310. The total amounts of DX-8951,
G-DX-8951, and conjugated DX-8951 in Meth A tumor
cells were three times higher than that in macrophages.
Furthermore, DX-8951-related fluorescence  was
observed in Meth A ascites cells obtained from Meth
A-bearing mice that had received DE-310 or CM-Dex-
PA-DX-8951 that does not release free DX-8951.
DX-8951-related fluorescence was also observed at the
site of lysosomes in cells incubated in vitro with DE-310
at 37°C, but not in those incubated at 4°C. Drugs were
released from DE-310 by cysteine proteinase prepared
from Meth A tumor tissue. These results suggest that the
mechanism by which DX-8951 is released from DE-310
in vivo is involved in the process of uptake of DE-310
into tumor or macrophages, digestion by intracellular
lysosomal cysteine proteinase, and subsequent secretion
of the drugs.

Y. Ochi (€<) - Y. Shiose - H. Kuga - E. Kumazawa
New Product Research Laboratories I1I,

Daiichi Pharmaceutical Co., Ltd.,

Tokyo R&D Center,16-13, Kita-Kasai 1-Chome,
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Introduction

DX-8951f (DX-8951 monomethanesulfonate dehydrate)
is a new camptothecin analog with a unique hexacyclic
structure [1]. Compared with other camptothecin
derivatives, DX-8951( is a highly effective topoisomerase
1 inhibitor and is the most potent cytotoxic agent against
various tumor cell lines in vitro [2, 3]. Furthermore, DX-
8951f exhibits remarkable antitumor activities against
human solid tumors xenografted into nude mice,
including CPT-11-resistant tumors [4, 5].

A new approach using macromolecular prodrugs is
being pioneered to improve the cfficacy of chemothera-
peutic agents for cancer therapy. The macromolecular
drug, designed as a drug delivery system to alter the
pharmacokinetics of a low molecular weight drug,
improves the antitumor efficacy and reduces toxicity of
the agent. This improvement, which involves the tumor
microenvironment, is referred to as the enhanced per-
meability and retention (EPR) effect [6-9]. The enhanced
permeability is associated with the vascular architecture
of tumor blood vessels and pathophysiological media-
tors. The retention effect is based on the lack of lym-
phatic clearance of macromolecules from tumor tissues.
DE-310 is a novel construct formed by the linkage of
DX-8951 1o  carboxymethyldextran  polyalcohol
(CM-Dex-PA), a class of polyhydroxylated carboxym-
cthylpolysaccharides, via a Gly-Gly-Phe-Gly spacer. The
CM-Dex-PA carrier with a molecular size higher than
the renal filtration threshold is stable in plasma and is
intended to reduce systemic drug clearance and degra-
dation by the liver or the reticuloendothelial system. The
CM-Dex-linked construct is acid-labile, and is known to
be degraded by “controlled Smith degradation” of
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polysaccharides, and is thereby degraded slowly in the
lysosomal acidic environment [10].

A previous study by us has shown that a single dose of
DE-310 produces high levels of DE-310 in plasma, which
are maintained for a long time (t,,> 2.6 days) compared
with the rapid decay of DX-8951f (t;; 0.3 h) [11]. Fur-
thermore, after reaching the target tissue, macromolecu-
lar prodrugs should release the active compound into
tumor cells. To achieve such a tumor-selective delivery for
the success of chemotherapy, over-expression of the tu-
mor-associated enzymes can be exploited by tailoring the
spacer of conjugated drugs. It has been shown that several
classes of proteinases are overexpressed in many tumor
cells, including cathepsins [12, 13]. PK-1, which comprises
doxorubicin covalently bound to N-(2-hydroxypropyl)
methacrylamide (HPMA) copolymer by a peptidyl linker
of Gly-Phe-Leu-Gly, is designed to generate the active
antitumor drug under the action of cathepsin B [14]. The
Gly-Gly-Phe-Gly spacer of DE-310 serves the important
function of providing a low level sustained release of DX-
8951 into the tumor tissue, without prematurely releasing
the drug into the peripheral circulation. A single-dose of
DE-310 exhibits similar or greater antitumor activity than
multiple administrations of DX-8951f against various
types of human tumor xenografts and murine solid
tumors [11].

The objective of this study was to clarify the drug
release mechanism of DE-310 using a malignant ascites
model. It has been argued that the accumulation of
malignant ascites in the peritoneal cavity may result from
the impedance of peritoneal fluid drainage [15-17] and the
enhancement of vascular permeability by various vascular
mediators such as vascular endothelial growth factor
(VEGF) [18-20]. From this point of view, a malignant
ascites model is similar to a solid tumor model and may be
a useful model for investigating the drug release mecha-
nism in solid tumors. In a malignant ascites model, it was
revealed that a single dose of DE-310 produced significant
life-prolonging effects, and it was possible that free drugs
released from DE-310 were responsible for the antitumor
activity of DE-310. The observation of intracellular flu-
orescence derived from DE-310 was also consistent with
the fact that DE-310 was incorporated into both Meth A
tumor cells and macrophages by endocytosis and trans-
ferred to lysosomes. Furthermore, we demonstrated that
drug release from DE-310 occurred by the action of
lysosomal enzymes.

Materials and Methods
Compounds

DE-310 and CM-Dex-PA-DX-8951, synthesized by
Daiichi Pharmaceutical Company (Tokyo, Japan), were
carboxymethyldextran polyalcohol adducts of the anti-
neoplastic agent DX-8951 [(1S,95)-1-amino-9-ethyl-5-
fluoro-1,2,3,9.12,15-hexahydro-9-hydroxy-4-methyl-10H,
13H-benzo[de]pyrano[3’.4":6.7]indolizino[1,2-b}quinoline-

10,13-dione]. The carboxymethylated polyalcohol was
covalently bonded to the DX-8951 moiety via a tetra-
peptide (GGEFG) lnker (DE-310) or without a linker
(CM-Dex-PA-DDX-8951). The average molecular weights
(MW) of DE-310 and CM-Dex-PA-DX-8951 are each
approximately 360,000 Da with a narrow polydispersity
and a DX-8951 content of 5-7% w/w. For in vitro and in
vivo use, DE-310 and CM-Dex-PA-DX-8951 were dis-
solved in pyrogen-free distilled water (Otsuka Pharma-
ceutical Company, Tokyo, Japan) (1 mg/ml as DX-8951
equivalents) and stored at 4°C overnight or at —20°C for a
month. Concentrations of DE-310 and CM-Dex-PA-DX-
8951 are expressed as DX-8951 equivalents.

Cells

Murine fibrosarcoma Meth A cells obtained from Hok-
kaido University (Sapporo, Japan) were maintained by
serial intraperitoneal (i.p.) passage in syngeneic BALB/c
mice (Nippon Charles River, Tokyo, Japan). Meth A
ascites cells were collected from the peritoneal cavity of
mice on day 7 after i.p. inoculation of Meth A cells. For
the separation of Meth A ascites cells into Meth A tumor
cells and macrophages, ascites cells were collected by
washing with PRMI1640 medium (GIBCO-BRL, Grand
Island, N.Y.) and cultured with RPMI1640 medium
containing 10% fetal bovine serum (FBS; Hyclone,
Logan, Utah) in 150-mm culture dishes (IWAKI, Tokyo,
Japan). After 4 h of incubation, non-adherent cells were
removed and suspended (1x107 cells/ml) in RPMI1640
medium containing 10% FBS (10% FBS-RPMI11640),
followed by washing with RPMII640 medium. The
remaining adherent cells were washed with phosphate-
buffered saline (PBS; GIBCO-BRL) twice and rinsed with
a cold mixture of 2.5 mM EDTA (Kishida Kagaku,
Osaka, Japan) and PBS. The adherent cells were removed
with a cell scraper (Sumitomo Bakelite, Tokyo, Japan)
and suspended in 10% FBS-RPMI11640.

Tissue homogenization

Meth A subcutaneous tumors was minced in 10 ml ice-
cold buffer (250 mA/ sucrose, 25 mM MES, 1 mM
EDTA, pH 6.5) for homogenization. The homogenate
was centrifuged at 500 g for 11 min to precipitate a nu-
clear pellet which was washed in 20 ml of the above buffer
and recentrifuged. The resulting supernatant and wash-
ing were pooled and centrifuged at 15,000 g for 20 min to
yield a mitochondrial lysosomal pellet. The pellet was
resuspended in 500 pl Britton Robinson buffer (40 mM,
pH 4.5), frozen immediately, and stored at —70°C.

In vivo survival study

Meth A cells (1x10° cells/0.1 ml/mouse) were inoculated
into the peritoneal cavity of syngeneic BALB/c mice
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(day 0). Mice were given a single intravenous (i.v.)
injection of DE-310 at doses of 11.4, 5.7, and 2.85 mg/kg
as DX-8951 equivalents on day 1. Survival time was
monitored daily until day 82. Increases in life-span (ILS)
were calculated from the formula: ILS (%) = [(MST./
MST,)—1]x100; where MST, and MST, are the median
survival times of treated and control groups in days.

Pharmacokinetic study

Mice were treated with DE-310 at 11.4 mg/kg (DX-8951
equivalents) on day S after inoculation of Meth A cells
into the peritoneal cavity. At 5 min and 30 min and 2, 4,
8, 24, and 48 h after injection of DE-310, mice were
anesthetized with dimethyl ether and blood was col-
lected from the heart. Ascites fluid was collected from
the peritoneal cavity. The blood samples were left to clot
for about 10 min, then centrifuged (11,000 ¢, 5 min,
4°C) and the serum was collected. The samples of ascites
fluid and serum were subjected to HPLC analysis for
determination of the concentrations of conjugated DX-
8951, free DX-8951 and free G-DX-8951.

In vitro study for drug release of DE-310

Ascites cells were collected from Meth A-bearing mice
and centrifuged at 1600 g for 5 min at 4°C. The cells
suspended in RPMI1640 medium or supernatant were
plated in 24-well plates and DE-310 dissolved in water
was added to the wells. The plates were shaken with a
Micromixer (Model no. MX-5, Sanko Junyaku Com-
pany, Tokyo, Japan) during the incubation time at 37°C
under an atmosphere containing 5% CO,. After 24 h of
incubation, the concentrations of free DX-8951 and free
G-DX-8951 in the culture medium were determined by
HPLC.

In vitro study of cellular uptake of DE-310

Meth A cells and macrophages separated from Meth A
ascites cells and suspended in 10% FBS-RPM11640 were
plated in non-coated 24-well plates (1x107 cells/well) for
treatment with DE-310 (final concentration 20 pg/ml as
DX-8951 equivalents). The plates were placed on the
Micromixer and incubated at 37°C under an atmosphere
containing 5% CO,. After 24 h, the concentrations of
free DX-8951, free G-DX-8951, and conjugated DX-
8951 in the medium and cells were determined by HPLC.

In vitro study for drug release of DE-310 by tissue
homogenate

A 10 pl quantity of tissue homogenate was added to
180 pl of the reaction buffer (Britton Robinson buffer,
pH 4.5, 5.0, and 5.5, containing 1 mM EDTA, 10 mM
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cysteine, and 0.1% Brij35), followed by 10 ul DE-310
solution (33 pg/ml as DX-8951 equivalents). E-64 was
also added to the prereaction mixture at 0.5 pM (final
concentration) for the inhibition study). These reactions
were carried out for 20 h at 40°C, followed by the
addition of 200 pl of an acetonitrile (CH;CN)/0.1 N
HCI 1:1 solution to the mixture to stop the reaction.
Free DX-8951 and free G-DX-8951 were determined in
the reaction mixtures by HPLC.

HPLC analysis

Samples (25 pl) of serum or ascites fluid were mixed with
solvent comprising 90% (v/v) CH3CN and 10% (v/v)
1 N HCI and centrifuged at 11.000 g for 10 min at 4°C.
Each supernatant was injected onto the HPLC column
for analysis, and the concentrations of free DX-8951 and
free G-DX-8951 were determined. For determination of
conjugated DX-8951, solvent comprising 90% (v/v)
CH;CN and 10% (v/v) 1 N HCI was added to cells,
which had been washed three times with 150 pl saline
(Otsuka) and centrifuged at 11,000 g for 10 min at 4°C,
and the supernatant was mixed with 95 pl of thermoly-
sin (lot no. SEQ7052; Wako Junyaku, Osaka, Japan)
solution prepared at 2 mg/ml with 40 mA/ of Britton
Robinson buffer (pH 6.0). After incubation at 40°C for
2 h, 10 pl reaction mixture was mixed with 990 pl of
solvent comprising 50% (v/v) CH;CN and 50% (v/v)
0.5 N HCI and centrifuged at 11,000 g for 10 min at
4°C, and the supernatant was analyzed. A standard
curve was prepared with X (concentration of standard
DE-310 solution as DX-8951 equivalents) vs Y [peak
area of FG (Phenyl-Glycyl}-DX-8951 after thermolysin
digestion]. The concentration of conjugated DX-8951
was calculated by relerring to the peak area of free FG-
DX-8951 determined by HPLC in samples and the
standard curve.

Observation of DX-8951-related fluorescence

Mice inoculated | week before with Meth A cells, as
described above, were inoculated (i.p.) with DE-310 or
CM-Dex-PA-DX-8951. At 24 h after the injection of
these conjugates, ascites cells were collected and cultured
m glass bottomed dishes with 10% I'BS-RPMI11640 at
37°C under an atmosphere containing 5% CO,, fol-
lowed by washing with PBS. Subsequently, ascites cells
were immunostained by incubation with CD11b anti-
body labeled with fluorescence isothiocyanate (FITC)
(Pharmingen, San Diego, Calif.) for 30 min at room
temperature. After incubation, cells were washed twice
with PBS containing 0.1% bovine serum albumin (BSA;
Sigma, St Louis, Mo.) and 0.1% NaNj; and suspended
with mounting medium containing 0.1% NaNj. Cells
(1x106) were mounted on a slide glass and viewed by
confocal laser scanning microscopy (CLSM; Leica,
Germany).
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Observation of endocytotic internalization

Ascites cells collected and prepared as detailed above
were immunostained by incubation with FITC-labeled
CD11b antibody for 30 min at room temperature. After
incubation, cells were washed twice with PBS containing
0.1% BSA (Sigma) and 0.1% NaNj and suspended with
mounting medium containing 0.1% NaNj. Cells (l><106)
were mounted on a slide glass and viewed by CLSM.

Intraceltular distribution

Macrophages obtained from Meth A-bearing mice were
cultured with 10% FBS-RPMI1640 in glass bottomed
dishes and incubated with 10 pl LysoTracker Red
DND-99 (Molecular Probes, Eugene, Ore.; final con-
centration: 500 nAf), a lysosome marker, for 30 min and
then incubated with DE-310 (final concentration:
200 pg/ml as DX-8951 equivalent) for 15 min and at
37°C under an atmosphere containing 5% CO,. After
removal of the medium, cells were washed with PBS and
the glass bottomed dishes with RPMI1640 mediuvm were
viewed by CLSM.

Confocal laser scanning microscopy

Excitation wavelengths of 488 nm from an argon/kryp-
ton laser beam and 361 nm from a UV laser beam were
used to illuminate the cells, and the emitted fluorescence
was collected through 410490 nm (DX-8951), 530 nm
(FITC), and 590-640 nm (Lysotracker Red DND-99)
filters.

Statistical analysis

The generalized Wilcoxon test was adopted to evaluate
the life-prolonging effects of the drug. Statistical analysis
was performed with SAS release 6.12 (SAS Institute
Japan, Tokyo).

Results

In vivo antitumor activity in a malignant ascites model
of murine fibrosarcoma Mcth A

In a malignant ascites model with Meth A cells, all mice
died on day 18 (Fig. 1). A single i.v. administration of
DE-310 at the MTD of 11.4 mg/kg as DX-8951 equiv-
alents induced a marked and significant life-prolonga-
tion effect with an ILS value of 307.7% (P <0.001 vs
control, generalized Wilcoxon test). DE-310 doses of
one-half and one-quarter the MTD also showed sig-
nificant effects on survival with ILS values of 98.5% and
47.7% (P<0.001), respectively, without producing
severe body weight loss.

100
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Survival rate (%)

2
0 ek ok R

0
0 10 20 30 40 50 60 70 80 90
Days after tumor inoculation

— Control ——DE-310 5.7 mg/kg
—8-DE-310 11.4 mg/kg —&— DE-3102.85 mg/kg

Fig. 1 In vivo life-span-increasing effects of DE-310 in Meth A-
bearing mice (1= 10). Mice inoculated 1.p. with Meth A cells (1x10°
cells) were treated i.v. with the doses of DE-310 shown in the figure
beginning on day 1. Survival rate (%) = (number of mice that
survived on day s/mumber of mice used) x100. **¥P <0.001 vs
control, generalized Wilcoxon test

Pharmacokinetic studies in a Meth A malignant ascites
model

Meth A-bearing mice received 11.4 mg/kg of DE-310
delivered i.v. and the concentrations of conjugated DX-
8951 were determined in serum and ascites fluid at
several time points after DE-310 injection (Fig. Za).
The concentration of conjugated DX-8951 in serum
gradually decreased after dosing while that in ascites
fluid increased, resulting in the same level as in the
serum after 2 days. In both serum and ascites fluid, the
concentration of free G-DX-8951 was two to four times
higher than that of free DX-8951 at 848 h after
administration of DE-310 (Fig. 2b). Furthermore, the
concentrations of free DX-8951 and free G-DX-8951 in
ascites fluid ranged from 4 to 15 times higher than
those in serum at 848 h after the administration of
DE-310.

In vitro study of drug release

Meth A ascites cells obtained from Meth A-bearing mice
were incubated in vitro with DE-310 for 24 h. The
concentrations of free DX-8951 and free G-DX-8951
detected in these Meth A ascites cells increased in a time-
dependent manner (Fig. 3). The concentrations of free
G-DX-8951 at 24 hand 48 h were 2.4 to 2.8 times higher
than those of free DX-8951 (Fig. 3a). In contrast, nei-
ther free DX-8951 nor free G-DX-8951 was detected at
48 h in the supernatant of cultured ascites cells (Fig. 3b).
Also, no free DX-8951 or free G-DX-8951 was detected
in murine serum incubated with DE-310 (data not
shown).
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Fig. 2 The concentrations of 035 a
conjugated DX-8951 (a), and
free DX-8951 and free G-DX-
8951 (b) after the i.v. injection
of DE-310 into Meth A-bearing
mice. Mice received DE-310 at
11.4 mg/kg (DX-8951
equivalents) on day 5 after
Meth A cell injection. Each
point represents the

mean + standard deviation

n=73)

Concentration of conjugated
DX-8951 (mg/mL)

o0 b

Concentration of free DX-8951
and free G-DX-8951 (mg/mL)

0 1‘0 2‘0
Hours after DE-310 injection
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0Fa I | B
I 5 E
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= 3
g 15t
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0 IND NDy L NDND, NDND,
0 24 48 0 48

Incubation time with DE-310 (hrs.)

Fig. 3 The concenlrations of free DX-8951 (hatched barsy and free
G-DX-8951 (open bars) in samples from ascites cells of Meth A
cells (a) and ascitic supernatant (b) incubated with 10 pg/ml of DE-
310. The dose of DE-310 represents DX-8951 equivalents. Each
column represents the mean +standard deviation (n=3) (ND not
detected)

In vitro study of drug accumulation

Meth A ascites cells obtained from Meth A ascites-
bearing mice were sorted into Meth A cells and macro-
phages. Each cell fraction was incubated in vitro with
DE-310 for 24 h, and the concentrations of free DX-
8951, free G-DX-8951, and conjugated DX-8951 were
determined by HPLC. The sum of the three drug con-
centrations corresponds to the amount of DE-310 that
was taken up into the cells. Given the total concentra-
tion based on the cell number (1x107 cells), the estimated
amount of DE-310 incorporated in macrophages was
three times higher than that in Meth A cells (Fig. 4a).
Based on the macrophage population (11%) within the
total amount of prepared ascites cells, the summed
amount of incorporated DE-310 in whole Meth A
ascites cells in mice was estimated to be three times
higher than that in total macrophages (Fig. 4b).

1 1 l 1 1 L 1 1
40 50 0 10 20 30 40 50
Hours after DE-310 injection
@ DX-8951 (Serum) A G-DX-8951 (Serum)

QO DX-8951 (Ascites /A G-DX-8931 (Ascites fluid)
fluid)

Internalization of DE-310 in cells visualized by
confocal laser scanning microscopy

As the intrinsic fluorescence of DX-8951 attached to a
macromolecular carrier allowed us to follow the intra-
cellular fate of DE-310, CLSM was used to assess
whether or not the DE-310 was internalized within Meth
A cells. Cells obtained from Meth A ascites-bearing mice
after i.p. injection of DE-310 were immunostained with
FITC-labeled CD11b antibody to differentiate the Meth
A cells from macrophages. DX-8951-related fluores-
cence (blue color) was observed in Meth A cells and the
macrophages were green in (Fig. 5a). To determine
whether DX-8951-related fluorescence observed in Meth
A cells and macrophages was derived from conjugated
DX-8951, CM-Dex-PA-DX-8951, which does not re-
lease free DX-8951, was injected instead of DE-310 ip.
into Meth A ascites-bearing mice. DX-8951-related flu-
orescence was observed in both Meth A cells and mac-
rophages as is also the case with DE-310 injection
(Fig. Sb).

Endocytosis of DE-310 visualized by CLSM

Internalization of DE-310 and DX-8951f into Meth A
ascites cells was examined at 37°C or 4°C (Fig. 6). After
10 min of incubation with DX-8951f, DX-8951-related
fluorescence was observed in Meth A cells and macro-
phages at both 4°C and 37°C (Fig. 6a). In contrast, al-
though DX-8951-related fluorescence was observed in
cells incubated with DE-310 for 8 h at 37°C, it was not
observed at 4°C (Fig. 6b).

Intracellular localization of DE-310

The CLSM images of macrophages incubated in vitro
with DE-310 and a lysosome marker (Lysotracker Red
DND-99) were analyzed (Fig. 7). The overlain image
demonstrated yellow spots indicating colocalization of
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Fig. 4 The concentrations of a 700

free DX-8951, free G-DX-8951
and conjugated DX-8951 in
Meth A cells and macrophages
obtained from Meth A-bearing
mice. The concentrations of free
DX-8951 (black), free G-DX-
8951 (white), and conjugated
DX-8951 (hatched) were
compared in the same number
of cells (1x107 cells) (a) and on
the basis of their constituent
ratio in Meth A-bearing mice
(b). The values represented by
the columns are the means of
three wells. Cells were
incubated with DE-310 solution
(final concentration 20 pg/ml)
for 24 h

600

500 -

400

300 -

Congeentration (pmol/cells)

Fig. 5 CLSM images of ascites
cells obtained from Meth A
ascites-bearing mice treated i.p.
with DE-310 (a} or CM-Dex-
PA-DX-8951 (b). Composite
images produced by projecting
fluorescence derived from DX-
8951 (blue) and FITC-labeled
CD11b antibody for the
membrane antigen of
macrophages (green) onto the
differential interference image
of Meth A ascites cells. Mice
received 0.2 ml of DE-310 or
CM-Dex-PA-DX-8951 (10 mg/
kg as DX-8951 equivalents) on
day S after Meth A injection,
and Meth A ascites cells were
obtained 24 h after the injection

DX-8951 (green) and Lysotracker Red DND-99 (red).
After 15 min of incubation, not only blue and red but
also yellow spots were observed in macrophages. The
intensity of these yellow spots was increased after 60 min
of incubation.

Drug release of DE-310 induced by enzymes

Finally, the release rates of free DX-8951 and free G-
DX-8951 from DE-310 incubated with the tissue
homogenate prepared from Meth A tumor were deter-
mined (Fig. 8a). Enzymatic hydrolysis was tested at
pH 4.5, 5.0, and 5.5. Under all conditions tested, free
DX-8951 and free G-DX-8951 were detected. Maximum
release was observed at pH 4.5. Tn addition, the release
of free DX-8951 and free G-DX-8951 from DE-310 was

200

150

Concentration (pmol/cells)

100

completely inhibited in the presence of cysteine pro-
teinase inhibitor E-64 at 1 mA/ (Fig. 8b).

Discussion

DE-310 is a novel macromolecular prodrug that links
the camptothecin analog DX-8951 and the biodegrad-
able carrier carboxymethyldextran polyalcohol via a
peptidyl spacer (GGFG) for optimizing the delivery of
the conjugate system. Preclinical studies of DE-310 have
shown a long-lasting high level of its conjugate in blood.
preferential tumor accumulation, and sustained release
of both DX-8951 and G-DX-8951 in tumor tissue. This
pharmacokinetic profile results in superior antitumor
activity against various types of human xenografts and
murine solid tumors after a single i.v. injection [11]. The
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Fig. 6 CLSM images of Meth A
ascites cells incubated in vitro
with DX-8951f or DE-310.
Composite images produced by
projecting fluorescence derived
from DX-8951 (blue)y and
FITC-labeled CD11b antibody
(green) onto the ditferential
interference image of ascites
cells. Cells were incubated with
DX-8951f (a) for 10 min or DE-
310 (b) for 8 h at 4°C (upper) or
37°C (lower). The final
concentrations of both DX-
8951f and DE-310 were 500 pg/
ml as DX-8951 equivalents (a
%20, b x32)

4 C

purpose of this study was to delineate the mechanisms
by which DE-310 exerts its pharmacological action at
the cellular level. We believe that our studies will provide
useful information on the therapeutic potential of DE-
310 and a rationale for the design of drug-polymer
conjugates.

In the present study, the effects of DE-310 on survival
in the malignant ascites model of murine fibrosarcoma
Meth A were first investigated. A single injection of DE-
310 elicited a significant TLS of the animals in a dose-
dependent manner (Fig. 1). After i.v. injection of DE-
310 in this model, the concentration of conjugated DX-
8951 increased in ascites fluid and decreased in serum
(Fig. 2a). This kinetic change means that the DE-310
administered i.v. into Meth A-bearing mice is trans-
ferred from the tail vein vascular circulation to ascites
fluid. Free DX-8951 and free G-DX-8951 (enzymatically
cleaved products of DE-310) were detected in the ascites
fluid and serum, and the concentrations of free drugs in
ascites fluid was higher than those in serum (Fig. 2b).
These free drugs were also detected when Meth A ascites
cells isolated from Meth A-bearing mice were incubated
m vitro with DE-310, but not in ascitic supernatant
when administered after the same incubation (Fig. 3).
These results suggest that DE-310 interacted with Meth
A ascites cells and that the release of drugs from DE-310

DE-310

R

mainly occurred in the peritoneal cavity of Meth
A-bearing mice.

Basically, DE-310 does not exhibit cytotoxic activity
m in vitro cell cultures [16], whereas DX-8951f shows
potent cytotoxic activity against various murine and
human tumor cell lines [2, 3]. These results may indicate
that DE-310 is inactive against tumor cells and that it
requires an activation mechanism for its antitumor
activity to be elicited.

The improvements in potency of a drug by means of
drug-polymer conjugation, especially in the case of
camptothecin, have been reported. An example is
T-0128, a 7-ethyl-10-aminopropyloxy-camptothecin
(T-2513) bound to CM-Dex covalently through a pept-
idyl linker of Gly-Gly-Gly [21-24]. Tt was reported that
T-0128 was incorporated into macrophages or macro-
phage-like tumor cell lines to exert antitumor activity,
but not into carcinoma cell lines [22]. In contrast, PK-1,
which consists of doxorubicin covalently bound to
HPMA copolymer by the Gly-Phe-Leu-Gly linker, was
taken up into tumor cells [14].

To reveal which cells were responsible for the uptake
of DE-310, we next investigated the uptake of DE-310 in
malignant ascites cells by CLSM, because ascites cells
could be separated from tumor cells and macrophages
easily. CLSM is a powerful tool for many branches of
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Fig. 7 CLSM images of macrophages incubated with DE-310 and a
lysosome marker (Lysotracker Red DND-99). Composite images
produced by projecting fluorescence derived from DX-8951 (green)
and lysosome marker (red) onto the differential interference images
of macrophages. Yellow color merged with DX-8951 and Lyso-
tracker Red DND-99 fluorescence. Cells were preincubated with
Lysotracker Red DND-99 (final concentration 500 nA4) for 30 min
and incubated with DE-310 (final concentration 200 pg/ml as DX-
8951 equivalents) for 15 min

cell biology because of its high spatial resolution and its
ability to demonstrate the three-dimensional features of
biological materials [25]. Since CPT-11, which is semi-
synthesized as a water-soluble derivate of camptothecin
SN-38, emits fluorescence when activated by a UV laser
beam, the intracellular distribution of CPT-11 has been
analyzed by CLSM [26]. DX-8951 also emits fluores-
cence when activated by a UV laser beam in a similar
manner to CPT-11 and SN-38. The intrinsic fluorescence
of DX-8951 attached to a macromolecular carrier per-
mitted us to obscrve the intracellular fate of DE-310 by
CLSM. In Meth A ascites cells obtained from Meth

A-bearing mice treated with DE-310, DX-8951-related
fluorescence was observed in the cytoplasm (Fig. 5a).
Meth A tumor cells could be discriminated from mac-
rophages using FITC-labeled CD11b antibody [27]. DX-
8951-related fluorescence was observed in both Meth A
cells and macrophages immunostained with the
antibody. In addition to DE-310, DX-8951-related
fluorescence was also observed in cells when CM-Dex-
PA-DX-8951, which does not release DX-8951, was
administered to Meth A-bearing mice (Fig. 5b). These
results indicate that DE-310 was incorporated into both
Meth A tumor cells and macrophages in a conjugated
form.

Compared with other small chemical antitumor
agents, macromolecular drugs such as T-0128 and PK-1
may require some mechanism to enable them to traverse
the cell membrane before exerting their pharmacological
effects. It has been reported that PK-1 and T-0128 are
taken up by endocytotic internalization [14, 22]. Endo-
cytosis and pinocytosis have been shown to be affected
al lower temperatures [28]. When cells were incubated at
4°C with DE-310, DX-8951-related florescence was not
observed in cither Meth A cells or macrophages,
whereas DX-8951f was able to enter these cells (Fig. 6).
These lines of evidence indicate that DE-310 was taken
up by endocytosis not only into macrophages but also
into Meth A tumor cells.

We further demonstrated by HPLC that DE-310
accumulated in Meth A cells and macrophages obtained
and purified with Meth A ascites cells. It is conceivable
that the combination of free DX-8951 and free G-DX-
8951 in cells and culture medium, and conjugated
DX-8951 in cells corresponds to the concentration of
DE-310 incorporated into cells during incubation, since
DE-310 was not degraded in the culture medium. When
Meth A tumor cells and macrophages separated from
Meth A ascites cells were incubated in vitro with
DE-310, the concentration of DE-310 in macrophages
was three times higher than that in Meth A cells for the
same number of cells (1x107 cells) (Fig. 4a). In contrast,
when the concentrations of DE-310 in Meth A cells and
macrophages were calculated on the basis of their con-
stituent ratios in Meth A ascites cells, the total amount
of DE-310 taken up into Meth A cells was three times

Fig. 8 Release rates of DX- ailr b 1r
8951 (hatched barsy and G-DX-
8951 (open bars) from DE-310 .
in the presence of tissue =X @
homogenate at 40°C for 20 h e <
without (a) or with E-64 (b) = ‘GEE)
(final concentration 0.5 pM) v 0.57 S o05f

Bl a

g 2

Q
= &
0 1 1 l;;;% 1 0 1 1 ]
4.5 5.0 5.5 4.5 5.0 55
pH pH

OnCusp
Ex. 1002



2113 of 14295

higher than that into macrophages (Fig. 4b). These re-
sults suggest that Meth A tumor cells are key partici-
paunts in the uptake and drug release of DE-310 in Meth
A ascites cells. Tt has been reported that the cytotoxic
effect of DX-8951 against Meth A cells is about 200
times higher than that of G-DX-8951. This result means
that the antitumor activity of DE-310 agamst Meth A
ascites was mainly due to the activity of DX-8951. As
the cytotoxicity of DX-8951 and G-DX-8951 differed
among human tumor cell lines, confirmation of their
relationship in terms of their antitumor activities re-
quires further study.

High structural flexibility and hydrophilicity of CM-
Dex-PA, the carrier of DE-310, is thought to contribute
to decreasing the endocytotic response of macrophages
against conjugates. This property may differ from the
non-PA-polysaccharide carrier of T-0128. Furthermore,
it has been reported that tumor cells in ascites are acti-
vated by some types of cytokines and growth factors
secreted from tumor-associated macrophages (TAMs)
[29]. One possible interpretation for the difference of
antitumor activity between the in vitro and in vivo sit-
uations might be the contribution of macrophages acti-
vated in vivo.

Endocytotic internalization involves membrane
invagination with concomitant capture of macromole-
cules, followed by their transfer into the endosomal
compartment of the cell. Most macromolecules are then
directed, via a series of vesicle fusion events, to a sec-
ondary lysosomal compartment ensuring their contin-
ued exposure to an acidic environment [30]. One of the
ways to monitor the subcellular traflicking of a macro-
molecular drug is to demonstrate its colocalization with
known markers of cell organelles. We demonstrated that
DX-8951-related fluorescence was colocalized with a
lvsosome marker and that their areas were enlarged in a
time-dependent manner (Fig. 7).

Lysosomes contain a variety of lysosomal enzymes,
which are capable of degrading macromolecules once
they have entered cells. Lysosomal cysteine proteinases
are proteolytic enzymes that in their mature form are
localized in lysosomes and whose catalytic activity is
based on a cysteine residue in the active site. These en-
zymes are active at pH values below 7 [31]. We dem-
onstrated drug release from DE-310 using a homogenate
prepared from Meth A tumor tissue. Free DX-8951 and
free G-DX-8951 were detected when DE-310 was incu-
bated with the homogenate under acidic conditions
(pH 4.5, 5.0 and 5.5). Furthermore, drug release was
completely inhibited by the cysteine proteinase inhibitor
E-64 (Fig. 8). These results suggest that the release of
drugs from DI-310 occurs by the action of lysosomal
cysteine proteinase.

In summary, we have clarified that Meth A tumor
cells and macrophages are key participants for the
induction of DE-310 activity in Meth A-bearing mice.
The likely model for the intracellular fate of DE-310 is
illustrated (Fig. 9): DE-310 is internalized in cells by
endocytosis as conjugate, and the endosomes containing
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Fig. 9 Proposed drug-release mechanisms for DE-310 1in cells

DE-310 are next transferred to lysosomes, whereupon
DX-8951 and G-DX-8951 are released from DE-310 by
lysosomal enzymes.
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INTELLECTUAL PROPERTY
OFFICE OF SINGAPORE

In reply please quote our reference

Your reference: 9026SG184/MBR/cak
Our reference: 2016/19617461098W
Date: 22 April 2016

Wiriter's direct number: 63308615

SPRUSON & FERGUSON (ASIA) PTE LTD
P.O. BOX 1531

ROBINSON ROAD POST OFFICE
SINGAPORE 903031

Dear Sir/Madam,

Patent Application No.: 11201502887W

Title of invention: ANTIBODY-DRUG CONJUGATE
Applicant(s): DAIICHI SANKYO COMPANY, LIMITED

INVITATION TO RESPOND TO WRITTEN OPINION

We forward with this letter a copy of the Search Report and Written Opinion drawn up by the
Examiner in connection with your request for a Search and Examination Report.

You are invited to respond to the opinion by submitting:

(a) Written submissions in response to the Examiner’s opinion and/or
(b) An amendment of the specification of the application.

If you intend to respond, the response must be filed within 5 months from the date of this letter.
Otherwise, an Examination Report will be established based on the written opinion if no response is
received by the end of the prescribed period.

Separately, you may be interested to know that the Intellectual Property Office of Singapore (IPOS)
has established the ASEAN Patent Examination Co-operation (ASPEC) programme, a patent work
sharing programmes with the ASEAN IP offices of Brunei Darussalam, Cambodia, Indonesia, Lao
PDR, Malaysia, the Philippines, Thailand and Viet Nam. You may be eligible to benefit from ASPEC if
you have filed a corresponding application and received the search and examination report from any
other participating ASEAN IP Office.

To find out more about the procedures for requesting ASPEC at IPOS, please refer to our website at
www.ipos.gov.sg [About IP > What is Intellectual Property and what are the different types? > What is
a patent? > Applying for a patent].

If you have any further queries, please do not hesitate to contact the undersigned.
Thank you.
Mr. John Tan

for Registrar of Patents
Singapore
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INTELLECTUAL PROPERTY
OFFICE OF SINGAPGRE

Application No.

Search Report 11201502887W

Application filing date (Earliest) Priority Date Examiner’s Reference Number

10/10/2013 11/10/2012 IPOS/NKS

This Search Report issued under Section 29(5) of the Patents Act with effect from 14/02/2014 consists of
a total of 3 pages.

& It is also accompanied by a copy of each prior art document cited in this report, except where
otherwise indicated.

1. |:| Certain claims where found unsearchable (see Box /)

g

|:| Unity of invention is lacking (see Box I)

w

|:| The application contains disclosure of a nucleotide and/or amino acid sequence listing and
the search was carried out on the basis of the sequence listing.

4. With regard to the title,

|Z| the text is approved as submitted by the applicant.

[ the text has been established by this Office to read as follows:
5. With regard to the abstract,

|Z the text is approved as submitted by the applicant.

|:| the text has been established by this Office as appears in Box Ill.
6. The figure of the drawings to be published with the abstract is NONE,

|:| as suggested by the applicant.
because the applicant failed to suggest a figure.
because this figure better characterizes the invention.

because there are no drawings in the application.

X O 0O 0O

none of the figures.
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INTELLECTUAL PROPERTY
OFFICE OF SINGAPGRE

Application No.

Search Report 11201502887W

A. CLASSIFICATION OF SUBJECT-MATTER
According to International Patent Classification (IPC)

A61K 39/395, CO7K 16/28, A61P 35/00, A61K 31/4745, A61K 38/07
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61K, CO7K, A61P

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database consulted during the search (name of database and, where applicable, search terms used)
Database: STN, pat
Search terms: CAS # 171335-80-1, Exatecan, antibody conjugate, -gly-gly-phe-gly- and like terms

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim no.
Y US 6835807 B1 (SUSAKI H. ET AL) 28 December 2004 1-19, 29-35
A Example 1 20-28, 36-39
Y SHIOSE Y. ET AL, Relationship between drug release of DE-310, 1-19, 29-35

macromolecular prodrug of DX-8951f, and cathepsins activity in several
tumors. Biol. Pharm. Bull., 25 September 2007, Vol. 30, No. 12, pages 2365-
2370

Fig. 1

Citation is not enclosed due to copyright restrictions.

Y BARGINEAR M.F. ET AL., Trastuzumab-DM1: a review of the novel immune- 1-19, 29-35
conjugate for HER2-overexpressing breast cancer. The Open Breast Cancer
Journal , 31 December 2009, Vol. 1, pages 25-30

Page 25 2nd column last paragraph — page 26 1st column first paragraph; Fig.
3

Citation is not enclosed due to copyright restrictions.

DX Further documents are listed in the continuation of box C.
Special categories of cited documents:

A: document defining the general state of the art which is not T: later document published after the filing date or priority date
considered to be of particular relevance and not in conflict with the application but cited to understand

. A . - the principle or theory underlying the invention
E: earlier application or patent but published on or after the filing

date X: document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to involve an
L: document which may throw doubts on priority claim(s} or inventive step when the document is taken alone

which is cited to establish the publication date of another

citation or other special reason (as specified) Y: document of particular relevance; the claimed invention cannot

be considered to involve an inventive step when the document

O: document referring to an oral disclosure, use, exhibition or is combined with one or more other such documents; such
other means combination being obvious to a person skilled in the art

P: document published prior to the filing date but later than the &: document member of the same patent family
priority date claimed

Date of submission of the request to the Intellectual Property Date of actual completion of the search:

Office of Singapore: 01/03/2016

11/11/2015

Intellectual Property Office of Singapore Authorized Officer

51 Bras Basah Road Ng Kay Siong (Dr)

#01-01 Manulife Centre
Singapore 189554
Email: operation@iposinternational.com
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INTELLECTUAL PROPERTY
OFFICE OF SINGAPGRE

Application No.

Search Report

11201502887W
C. (Continuation) DOCUMENT CONSIDERED TO BE RELEVANT
Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim no.
Y BECK A., The next generation of antibody-drug conjugates comes of age. 1-19, 29-35
Discov Med, 16 October 2010, Vol. 10, No. 53, pages 329-339
Figs. 1and 2c

Citation is not enclosed due to copyright restrictions.

A US 2003/0166513 Al (IMURA A. ET AL.) 4 September 2003

Page 3 of 3



2131 of 14295

:\\\\\

INTELLECTUAL PROPERTY
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Written Opinion
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Application No.
11201502887W

Application filing date
10/10/2013

(Earliest) Priority Date
11/10/2012

Examiner's Reference Number

IPOS/NKS

International Patent Classification (IPC) (as indicated in the search report}

A61K 39/395, CO7K 16/28, A61P 35/00, A61K 31/4745, A61K 38/07

X

\'

Vil

vii [

z
X X X O OO0

1. This first Written Opinion issued under Section 29(5) of the Patents Act with effect from 14/02/2014
consists of a total of 6 pages.

2. This opinion contains indications relating to the following items:

Basis of the opinion

Priority

Non-establishment of opinion with regard to novelty, inventive step and industrial

applicability

Unity of invention

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Defects in the form or contents of the application

Clarity, Clear and Complete Disclosure, and Support

Double patenting

3. The search report used was issued by the Intellectual Property Office of Singapore, and the date of
completion is 01/03/2016.

4. If no reply is filed, the Examination Report will be established on the basis of this opinion.

Office of Singapore:
11/11/2015

Date of submission of the request to the Intellectual Property

Date of Written Opinion:
24/03/2016

51 Bras Basah Road
#01-01 Manulife Centre
Singapore 189554
E-mail address: operatio

Intellectual Property Office of Singapore

n@iposinternational.com

Authorized Officer
Ng Kay Siong (Dr)
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&
INTELLECTUAL PROPERTY
OFFICE OF SINGAPGRE

. P Application No.
Written Opinion 11201502887W
I Basis of the opinion
1. This opinion has been drawn on the basis of:
& the description, (verified English translation)
page(s) 1-6,10,12-67,69- as originally filed
414
page(s) 7,8,9,9a-9q, 11, filed as amendment sheet(s) dated 11/11/2015
68
|Z the claim(s), (verified English translation)
no. 1-39 filed as amendment sheet(s) dated 11/11/2015
& the drawing(s), (verified English translation)
page(s) 1-22 as originally filed
x the sequence listing, (verified English translation)
page(s) 1-33 as originally filed
2. |:| This opinion has been established based on the exclusion of additional matter beyond the earlier
application, as indicated in the supplemental box.
3. I:I This opinion has been established as if (some of) the amendments had not been made, since they
have been considered to go beyond the disclosure as filed, as indicated in the supplemental box.
4. Additional observations, if necessary:
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Application No.

Written Opinion

11201502887W
V. Reasoned statement with regard to novelty, inventive step or industrial applicability;
Citation and explanation supporting such statement
Statement with regard to novelty, inventive step or industrial applicability
Novelty (N) Claim(s) 1-39 YES
Claim(s)  NONE NO
Inventive Step (IS) Claim(s) NONE YES
Claim(s) 1-39 NO
Industrial applicability (I1A)  Claim(s) 1-17,19-39 YES
Claim(s) 18 NO
1. Citations
The following citations are referred to in this opinion. Full bibliographic details are provided in the Search
Report:
D1 — US 6835807 B1
D2 — SHIOSEY. ET AL, 2007
D3 — BARGINEAR M.F. ET AL., 2009
D4 - BECKA., 2010
D5 — US 2003/0166513 A1

D5 is considered to be background art and will not be discussed further.

2. Novelty (Section 14 of the Patents Act)
None of D1-D5 discloses the subject matter of claims 1-39 and hence the aforementioned claims are considered
to be novel.

3. Inventive Step (Section 15 of the Patents Act)

Claims 1-19 and 29-35

The inventive concept of claims 1-19 is directed to an antibody-drug conjugate wherein the anti-tumor
compound is represented by a formula, which corresponds to the drug exatecan in the art, and the antibody and
drug is conjugated by a linker which comprises a connecting group such as succinimid-3-yl-N or thioether group,
and a tetrapeptide residue of GGFG; while the inventive concept of claims 29-35 is directed to a linker which
comprises a connecting group such as succinimid-3-yl-N or thioether group, and a tetrapeptide residue of GGFG.
From herein, the anti-tumor compound will be referred to as exatecan.

Both D1 and D2 disclose an antineoplastic agent DX-8951, also known as exatecan, conjugated to a drug carrier
(i.e. carboxymethyl polyalcohol) via a Gly-Gly-Phe-Gly (GGFG) linker (see D1 Example 1 and D2 Fig. 1).

The difference between D1/D2 and the abovementioned inventive concepts lies in the specific choice of a linker
which comprises thioether and a GGFG peptide, and the conjugation of exatecan to an antibody. Both D3 and
D4 disclose a trastuzumab-DM1 drug conjugate (see D3 Fig. 3 and D4 Fig. 1) designed to focus on efficient
delivery to HER2-expressing breast cancer cells, wherein DM1 is conjugated to trastuzumab via a linker having a
structure represented by the following formula —L1-L2-LP-NH-(CH2)n1-La-Lb-Lc — wherein:
L1=-C(=))-cyc.Hex(1,4)-CH2-(N-ly-3-diminiccuS)-

L2=-S-(CH2)2-C(=0)-

LP= single peptide residue

Page 3 of 6
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Application No.

Written Opinion 11201502887W

V. Reasoned statement with regard to novelty, inventive step or industrial applicability;

Citation and explanation supporting such statement
-(CH2)n1- is non-existent, i.e. n1=0
La=single bond
Lb= single bond
LC= -C(=0)-.
In particular, D3 further discloses the method to obtain the antibody-drug conjugate which comprises the
following steps: 1) N-succinimidyl-4-(maleimidomethyl)cyclohexanecarboxylate (SMCC) is first added to the
peptide reside on the protein to produce a linker-modified antibody; 2) the thiol group in the drug is then reacted
with the maleimide group of the linker to form the non-reducible thioether bond (see page 25 2nd column last
paragraph — page 26 1st column first paragraph).

At the priority date, the person skilled in the art would be aware of the use of antibody-drug conjugates in breast
cancer therapy. Therefore, the person skilled in the art, in wanting to provide an alternative drug compound for
effective targeting of exacetan, would be motivated to conjugate exacetan to an antibody and would be directed
to D3/D4, which discloses trastuzumab as a targeting agent in the DM1-trastuzumab conjugate for use in breast
cancer therapy, wherein the conjugate contains a thioether linker, as discussed above. Therefore, starting from
D1/D2, the person skilled in the art would be motivated to replace carboxymethyldextran polyalcohol with the
targeting antibody trastuzumab, and by following the method in obtaining the antibody-drug conjugate as taught
in D3, the person skilled in the art would obtain a trastuzumab-exacetan conjugate wherein exacetan is
conjugated to trastuzumab via a linker which comprises thioether and a GGFG peptide and arrive at the current
invention with no inventive effort. Furthermore, D4 discloses other alternative linker regions such as —
(succinimid-3-yl-N)-(CH2)s-C(=0) — followed by a single bond (see D4 figure 2c) which is within the scope of L*
and L?, respectively, as defined in claims 1 and 3 of the current application and brentuximab, which is an anti-
CD30 antibody, as an alternative antibody (see D4 figure 2c). Therefore, claims 1-19 and 29-35 cannot be
conferred any inventiveness.

Claims 20-28 and 36-39

The additional features directed to drug-linker intermediates (claims 20-28) are also not inventive. The person
skilled in the art would be aware of different ways of linking the drug to the antibody, such as first obtaining an
antibody-linker intermediate and subsequently linking it to the drug, or alternatively, first obtaining a drug-linker
intermediate and subsequently linking it to the antibody, all of which would allow the person skilled in the art to
obtain the antibody-drug conjugate of the current application. The latter method would therefore be an obvious
choice to the person skilled in the art seeking an alternative method to link a drug to an antibody. Therefore, the
person skilled in the art would inevitably arrive at the drug-linker intermediates without any inventiveness. In
the absence of any specific technical prejudice in the selection of the aforementioned features and any surprising
effects demonstrated of the aforementioned features, an inventive step cannot be acknowledged for claims 20-
28. Additionally, the additional features defined by claims 36-39, which are directed to derivatives of exatecan
do not appear to be inventive as the selection of the different side groups connected to exatecan are considered
arbitrary and do not appear to confer any specific technical advantage over exatecan.

Hence, all claims 1-35 are considered to lack an inventive step.

4. Industrial Applicability (Section 16 of the Patents Act)
The subject matter of claims 1-17, 19-39 is industrially applicable.

Claim 18 does not appear to comply with Section 16(2) of the Patents Act as the subject matter of the claim
encompasses methods of treatment of the human or animal body by surgery or therapy practiced on the human
or animal body and therefore is not taken to be capable of industrial application.
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VI Defects in the form or contents of the application

The following defects in the form or contents of the application have been noted:

1) Page 416 line 1 —There is a missing space between the terms “atom” and “L” in the term “atomL®”.
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VIL. Clarity, Clear and Complete Disclosure, and Support

The following observations on the clarity of the claim(s), on the question whether the disclosure is clear and
complete, or on the question whether the claim(s) is (are) supported by the description, are made:

1. Clarity (Section 25(5)(b) of the Patents Act)
Claim 1 is unclear as n* is not defined. Hence the person skilled in the art will be unclear of the scope of the
claim.

Claim 1 is unclear. The presence of the terms “formula X” in parenthesis, where X is a number as defined in
the present claim is indefinite. There is no apparent meaning to what is a formula X as defined in the present
claims and hence renders the scope of the formula encompassed within the formula X unclear. Similarly,
claims 2-39 are also considered to be unclear in this regard.

2. Support (Section 25(5)(c) of the Patents Act)

Claim 18 is not fully supported by the description. Claim 18 is directed to the various types of cancers that
the antitumor drug can be applied to. However, in the description, the anti-tumor tests (see test examples
11-16 in description of current application) were all performed using an antibody-drug conjugate comprising
an anti-M30 antibody and exemplified to be effective only against melanoma and non-small cell lung cancer.
Hence, given such a narrow exemplification provided in the description, it is unclear how the invention can
be practised across such a wide range.
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The IPOS Search & Examination Unit would like to invite you to complete a short survey on
the quality of our work (please click 2). This survey will help the Unit to continue to
improve, and also to ensure that high quality products and services are consistently
delivered to our customers.

If the above hyperlink does not work, please copy and paste http://goo.gl/1rRO7M into
your browser to access the survey.
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EXTENSIBLE DEADLINE: AUGUST 1, 2017

Ref: COLOMBIA
Patent Application No. NC2016/0000187 in the name of DAIICHI
SANKYO COMPANY LIMITED

Y/Ref.: SHU/PD20-9008C0O
O/Ref.: P-2016/12118
Dear Sirs:

Please be informed that the company LABORATORIOS LEGRAND S.A. has
filed opposition against the application of the reference. The basic points of this
are described below:

1. Opposition filed by LABORATORIOS LEGRAND S.A.

1.1 Clarity and conciseness {(Art. 30 of Decision 486/00)

The opponent states that:

- Claims 1 to 16 do not specifically define the technical characteristics of
the antibody-drug conjugate. According to the opponent, the main claims
indicates different drug-linker structures which comprises an undetermined
amount of compounds.

- Although the claims include formulas and sequences of the antibody, all
the possible molecules for which a protection is sought are not divulged.
Besides, the molecules are defined in terms of substitutions and results to be
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achieved which are not be accepted as technical characteristics of the
invention.

- Claim 1 mentions as essential and technical characteristics the
compound of formula |, the drug-linker structures and the antibodies (such as
frastuzumab). However, as indicated in section 1.3, the state of the art
anticipates this type of conjugates, as well as the antitumor agents, antibodies
such as trastuzumab, and the succinimid part of the linker.

- Claim 1 lacks clarity and conciseness since it is not clear the preamble
and the characterizing part, so that t claims protection for subject matter which
is widely known in the state of the ar, such as anti-HERZ2 antibodies (that may
be trastuzumab) and for camptothecin derivatives.

- Claims 11 to 16 lack clarity since they refer to the reducing condition in
the method:

“A method for preparing anti-HERZ antibody-drug conjugate, wherein the
anti-HERZ2 anfibody is treated in a reducing condition and thereafter
reacted with a compound selected from the compound group shown
below:
{maleimid-N-yl)-CH2CH2-C(=0)-NH-CH2CH2>0-CH2CH-O-CH:CH>-C(=0)-
GGFG-NH-CH>CH2CH>-C(=0)-(NH-DX),
(maleimid-N-yl)-CH2CH>CH2CH2CH2-C(=0)-GGFG-NH-CH>-O-CHo-
C(=0)-(NH-DX), or
{maleimid-N-yl)-CH>CH2CH>CH>CH>-C(=0)-GGFG-NH-CH>CH>-O-CHo-
C(=0)-(NH-DX),

wherein (maleimid-N-yli}- is a group represented by the following formula:
[Formula 4]

wherein the nitrogen atom is a connecting position,
-(NH-DX)} is a group represented by the following formula:
[Formula 5]

wherein the nifrogen atom of the amino group at position 1 is a connecting
position, and

www.clarkemodetcom
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wherein the anti-HER?Z2 antibody comprises a heavy chain and a light chain
selected from the group;

a heavy chain consisting of an aminc acid sequence consisting of
positions 1 to 449 of SEQ ID NO: 1 and a light chain consisting of an
amino acid sequence consisting of positions 1 fo 214 of SEQ ID NO: 2,
and

a heavy chain consisting of the amino acid sequence of SEQ ID NO: 1 and
a light chain consisting of the amino acid sequence of SEQ ID NO: 2"

in addition, the sequences may be selected among different segments of the
amino acid sequences SEQ ID NO: 1 and 2.

- Regarding claim 9, the opponent indicates the description of the
medicament is too general refers to several compasitions comprising antibody-
drug conjugates.

1.2  Unity of Invention (Art. 25 of Decision 486/00)

According to the examiner, the method disclosed in claims 11 to 16 refer to
regions which are not related to the structure or function of the conjugates
disclosed in claims 1 fo 11. In this way, the application lacks unity of invention.

1.3 Inventive step (Art. 18 of Decision 486/00)

The opponent is of the opinion that current application lacks of inventive step in
view of the following documents:

No. Document Affected requirement
Govindan US 2016/0287722 A1 Inventive step
et al

According to the description, the objective technical problem which the present
invention solves is decreasing the toxicity of the cancer treatment with an
antitumor by means of a conjugate between an antitumor compound, a linker
and an anti-HER2 antibody (which may be trastuzumab). However, this had
been already disclosed in the state of the art, for instance, in Govindan et al.

“[0G10] In one embodiment, the invention relates fo an immunoconjugate
comprising:

[0011] (a) a targeting moiety;

[0012] (b} a chemotherapeutic moiety; and

[0013] (c) a linker binding to the targeting moiety via a thiol group, and to
the chemotherapeutic moiety via an intracellularly-cleavable moiety other
than a hydrazone. In another embodiment, the invention relates fo an
immunoconjugate comprising:

[0014] (a) targeting moiety;

[0015] (b) a chemotherapeutic moiety; and

[0016] (c) a linker binding to the targeting moiety via a thiol group, and to
the chemotherapeutic moiety via an intracellularly-cleavable moiety other

www.clarkemodetcom

ESPARA - PORTUGAL - ARGENTING - BRASL - DHILE - COLOMBIA - MESICG - PERG - URUGHAY - VENEZHELA



	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Other reference-Patent/Application/Search Documents
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Non Patent Literature
	09-30-2020 Electronic Filing System(EFS) Acknowledgment Receipt
	09-30-2020 Foreign Reference



