STERICALLY STABILIZED IMMUNOLIPOSOMES:
FORMULATIONS FOR BELIVERY OF DRUGS AND

GENES TO TUMOR CELLE INVIVO.

JW. Park*, D Kivpotint®, K. Hong+", W. Zhengt" Y. Shaot+?
. Meyver+”, C.C. Benz* and D. Papahadjopoudos+”

Drepartment of Cellolar and Malecular Pharmacology” and
Division of Hematology/Onoology, Cancer Research Inst*, UCSF;
Liposome Research Laboratory, CPMCRI, San Franciseo, TA, USA

INTRODUCTION

Immunoliposomes represent a promising strategy to achieve targeted drug delivery for
the treatment of cancers overexpressing specific surface receptors. Advances in
immanoliposome design have been facilitated by independent progress in the areas of antibody-
hased therapeutics and liposomes, which can now be utilized for tumor-targeted drug delivery
Park et al., 1997a).

A logical focus for the development of targeted cancer therapies is the HER2 receptor.
The HERZ (C-ErbB-2, new) protooncogene and ite encoded pl85={Trhi-2} receplor tyrosine
kinase play an important role in the pathogenesis of breast and other cancers (for review, see
Hynes and Stern, 1994). HER2 is overexpressed stably in a significant proportion of cancers,
but i normal tssue it is expressed at much lower levels, if at all. As 2 cell surface receptor it
is readily accessible to antibody-based therapeuties, and monoclonal antibodies directed against
HER2 can inhibit tumor growth by affecting HER? signal transduction. For example,
muMABIDS and its humanized derivative, thaMADHERZ, inhibit the growth of HER2-
overexpressing breast cancer cells (Lewis st al., 1993} and enhance the efficacy of certain
chemotherapy drugs {Shepard et al, 1991), In phase U chinical trials, treatment with
rthuMABHER? alone (Baselga et al,, 1996), or in combination with cisplatin chemotherapy
(Pegrarm of al., 1996} was associated with encouraging anfitumeor activity against advanced
breast cancer. thuMAbBHERZ is currently being evalnated in phase 11 clinical trials for the
treatment of advanced breast cancer in conjunction with first-line chemotherapy.

{mportart new developments in liposomal drog delivery inchude "sterically stabilized" or
“steaith’ liposomes, which are more resistant to reticuloendothelial system (RER) clearance
than so-called "conventional” liposomes (Papahadjopoulos et al,, 1991). These developments
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produced substantially prolonged drug circuiation with enhanced tumor accumulation
{Papahadjopoulos et al., 1991; Huang ct al., 1992a; Lasic and Martin, 1993). The coupling of
anti-HER2 antibody fragments to sterically stabilized liposomes (SIL) represents a more recent
design medification {¢ forther ncrease the therapentic index of an encapsulated drug via
selective delivery to HERZ-overexpressing cancer cells (Park et al,, 1995). The receptor-
mediated internalization property of this targeted delivery vehicle also affords an opportunity
to achieve fumor-specific uptake of novel therapeutics such as genes and oligonucleotides,

FORMULATION OF ANTI-HER? IMMUNOGLIPOSOMES

Immunclipesomes (SIL} targeted o the HER2 receptor, incorporate multiple design
slements to optimize intracellular delivery of encapsulated agent to tumor cells, These include:
{a) rhuMABHERZ Fab' for reduced clearance and imowmnogenicity, and to prowvide
internalization and antiproliferative activities; (b} PEG-Fab' linkage to  facilitate
immmuneliposome binding and internalization; {¢) stevically stabilized imnmunoliposomes for
prolongation of circulation and selective tumor extravasation; and {d) encapsulated thevapeutic
agents {e.g.doxorubicin, nucleic acids) for eohanced therapeutic ndex via targeted intraceliular
delivery.

These designs were fested by constructing multiple versions of ant-HER2
immunoliposomes contatning covalently linked rbuMADBHERZ Fab' {Genentech, Inc.) and
polyfethylens glycol} (PEG)-phosphatidylethanolanine (PE) in varying proportions (0-12 mol
% of total phospholipid). SIL were prepared by conjugation of "conventional”
{phosphatidyleholine + cholesterol; PC/Choly or "sterically stabifized" (PC/Chol/PEG-PE}
small unilaroellar liposormes with rhuMABHERZ-Fab' Initially, Fab' was conjugated o
maleimido-phosphatidylethanclamine (M-PE), resulting in Fab' directly linked to the liposome
surface, and hence in parallel with PEG. Receatly, we have also prepared SIL with Fab'
conjugated to maleimide-terminated PEG-PE (MMC-PEG-DSPE or MP-PEG-DSPE} (Kirpotin
et al, 1997; O'Connell et al,, 1993}, resulting in Fab' linked to the distal end of PEG chains.
Baoth procedures were highly efficient, typically vielding 50-100 Fab' fragments per liposome
particle.

INTERACTION WITH CANCER CELLS INVITRO

Studies of SIL binding, internalization and intracellular drug delivery were performed
quantitatively with SIL containing a pH-sensitive fluorescent probe (1-hydroxypyrene-3,6,8-
trisulfonic acid (HPTS/pyranine). These studies demonstrated rapid uptake of SIL by SK-BR-3
cells into a neutral environment, with subsequent accumalation in an acidic intracellular
compartment, consistent with surface binding followed by receptor-mediated endocytosis
{Kirpotin et al., 1997a). Total uptake of SIL in SK-BR-3 cells reached 23,000 SiL/cell; while
total uptake of non-targeted contro] liposomes was sssentially undetectable. In addition, total
aptake of SIL in non-HER2-overexpressing MCF-7 cells was 700-fold lower than in SK-BR-3
pells. With liposomes Fab'-linked SIL, but not with PEG-Fab'-linked SIL, high PEG content
was associated with reduced binding affinity and endocytosis. Binding and endocytosis also
depended on the quantity of conjugated Fab’, reaching a platean at ~ 40 Fab'/immanoliposeme
for binding, and ~10 Fab/imomunelipesome for internalization,

The tunor cell uptake of $IL containing colloidal gold particles was studied by electron
microscopy (Park et al,, 1993). SK-BR-3 cells treated with anti-HERZ S{L {0 mol% PEG)
showed gold-loaded SIL at the celi surface and intraceliularly in coated pus, coated vesicles,
endosomes, multivesicular bodies, and lysosomes, cousistent with internalization occurring via
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ihe coated pit pathway. In addition, gold particies were noted free within the eytoplasm and not
associated with  membrane-bound organelies, indicating that delivery ouiside the
endolysosomal pathway had also occarred.

PHARMACOKINETICS FOLLOWING LV, INJECTION

Pharmacokinetic studies of doxorubicin {dox)-loaded anti-HERZ immuonofiposomes
following single Lv. injection were performed in normal adult rate, Plasma levels of dox
foliowing L.v. injection with either SIL or control (no Fab') sterically stabilized lposomes {S1.)
were similar, and indicated biexponential rate of clearance with terminal plasma half-lives of
greater than 10 h and mean residence times of 16-24 b {Park et al,, 1996). By comparnison,
levels of dox following injection of free dox at the same dose (800 mg) were undetectable at
5 min. The integrity of dox-loaded anti-HER2 BiL in vivo was assayed by two-component
pharmocokinetic studies, in which plasma pharmacokineties of dox and of rlnMADHERZ-Fab'
were independently determined on identical plasma sampies following single Lv. injection. The
termina! plasma hali-lives of thuMABHER2-Fab'(as measured by ELISA) and that of dox {as
measured fluorimetnicaily} were both approxiroately 10 b, indicating negligible dissociation or
drug leakage.

LOCALIZATION IN HUMAN TUMOR XENOGRAFTS IN MICE

Tumor localization of dox-foaded anti-HER2 SIL were evaluated in HER Z-overexpressing
fumor xenogratt models, in which nude mice carrying established subcutaneous (s.¢.) BT-474
fumor xenografts received a single Lv. injection of SIL (Park et al., 1996). The concentration
of dox in tmor tissue still exceeded 19%/g of tissue 67 b after injection, which was significanly
higher than dox levels in all other Hasues except liver, the major site of liposome clearance.
Tumeor/blood and tumor/mascle ratios were both greater than 22-fold.

SIL localization in tumors was studied histologically in two tumor xenograft models, BT-
474 and MCE7/HER2 (MCF7 cells stably transfected with HER?), following administration
of SIL contatming colloidal gold (Park et al,, 1997). Gold-loaded SIL were administered 1.v.
every 48 b for 3 doses and subsequently visualized by light microscopy within tumor tissue
using a silver enhancement techmaue (Huang et al, 1992}, Silver graing indicating the
presence of gold particles were observed throughout twrnor Hssue, both 1 perivascular areas
and within cellular regions of the tumor. Importantly, silver grains were frequently observed
within the cytoplasm of individual tumor cells, indicating intracelluiar delivery of gold
particles. In contrast, reatment with control {no Fab'} sterically stabilized liposomes (SL}
showed silver grains accumulating in predominamily extracellilar and perivascular spaces,
conststent with previous reports of the fumor interstitial localization of sterically stabilized
liposomes (Huang et al., 1992b). These control liposomes were not observed within individual
tamer cells,

Intracellular localization of anti-HERZ SIL in vive was confinmed using encapsulated
“Ga-ITPA chelate adrninistered by single Lv. ingection in the MCEF7/HER? twmor xenograft
model (Park et al., 1996). After 48 b, excised turnors were analyzed by electron microscopic
auioradiography.  Autoradiographic grains signifying “Ga  emission resulting  from
immuncliposome delivery were frequently detected within tumor cells, at or near the cell
surface, within the cytoplasm, and within the nucleus. In contrast, tumors from mice treated
with "Ga-loaded control liposomes showed no intracellular localization of #Ga.
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ANTL-TUMOR E¥TFICACY

Delivery of dox by anti-HER2 8IL may represent a particularly advantageous sirategy for
ihe treatraent of HER2-overexpressing breast cancers, since these cancers appear 1o possess an
especially steep dose-response relationship to dox-based therapy (Muss et al, 1994). In
addition, the significant clinical problem of dox toxicity to myocardivm and hematopoietic cells
may be largely mitigated by anti-HERZ immuncliposome delivery, as HER2 expression is
negligible in these cell types (Press et al,, 1990). Finally, the antiproliferative effect of the anti-
HERZ immunocliposome vehicle (1.e., the thuMABHER? effect) may work synergisticatly with
dox, since it is has been shown that thaMABHERZ augments the efficacy of dox in animal
models (Baselga et al,, 1994},

Studies with dox-loaded anti-HER2 SIL in vitro  showed efficient and specific
cytotoxicity against HERZ-overexpressing breast cancer cells (Park et al,, 1995). Treatment
of SK-BR-3 cells for 1 b with dox-loaded anti-HER?2 SIL vielded dose-dependent cyictoxicily
({50 = 3.3 mg/mly equivalent to that of free dox, indicating that SIL delivered dox as
efficiently as the rapid diffusion of free dox into cells in viro, and were up to 30-fold more
cytotoxic than dox-lnaded SIL beaning irrelevant Fab'. The specificity of targeting was fiurther
confirmed by treatmnent of WI-38 cells, a nonmalignant lung fibroblast cell line expressing
minimal levels of HERZ2, wherein dox-loaded anti-HERZ SIL demonsirated cytotoxicity that
was 20-fold less than free dox and equivalent to SIL with irvelevant Fab'

Anti-tumor efficacy studies using dox-loaded amti-HER2 SIL in multiple HER2-
overexpressing tunor xenograft-mude mice models showed a significant increase in the
therapeutic index of dox due to targeted delivery (Park et al,, 1996). In these studies,
experimental freatment was initiated 1-2 wka afier tumor ireplantation, at which time tumors
were 200-1000 e in volome. SIL were adrinistered at a total dox dose of 15 mg/kg, divided
over three weekly 1.v. injections. Therapeutic effects were compared to those of dox-loaded
control {no Fab'} SL at the same dose and schedule. Additional control arms include treatment
with free dox, which was given at its maximum toletated dose MTD) in these animals (7.5
mg/kg), free thuMADBHER?, and saline. In each of the four models (two independent sublines
of BT-474, MCF7/HERZ, and MDA MB-453), ireatmend with SIL resulted m marked tumor
growth inhibition and/or regression {including some cured animals) and was significantly
supetior to all other ireatment conditions. Furthermore, SEL did not produce any apparent acuie
toxicities or significant weight loss in the nude mice. The MTD determined for SIL represents
a 2.5-fold inorease over that of free dox.

DELIVERY OF GLIGONUCLEOTIDES AND PLASMIDS

The results deseribed above suggest that anti-HER2 SIL may be particularly advantageous
for tumor-specific reatment with agents that require intracelludar delivery. For example, anti-
HERZ SIL could represent a gene therapy vector sysiem that provides targeted delivery of
therapeutic genes or cligonuclestides to tumor cells. To overcome existing obstacles for
successful implementation of this strategy, SIL must be reconstrucied to have the following
properties: efficient packaging of DINA, favorable retention of drug delivery properties (such
as stability, long cireulation, miniral noo-specific reactivity, and reduced immunogenicity},
selective and efficient delivery of nucleic acids to tumor cells, and finally intracellniar delivery
that results in adequate gene expression.

A modification of anti-HER2 SIL for targeted gene therapy has been o include cationic
fipids for efficient and high capacity packaging of DNA. Cationic iposomes, which readily
form complexes with DNA molecules via electrostatic inferactions and can mediate gene
transfer to a variety of cell types, bave previously attracted mnch attention as a gene therapy
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vector system. However, cationic liposomes developed to date have been limited by poor
stability, high non-specific reactivity, and lack of targeting. We recently reported cationic
tiposome-plasinid DNA complexes that are significantly more stable by manipulation of their
lipid composition, inchusion of PEG-PE, and condensation of plasmid DNA with polyamines
{Hong ot al., 1997}, These stable consiructs show high gene transfer efficiency i vifro and in
multiple Hssue sites in vive following i.v. administration. For targeting, rhuMAbBHERZ-Fal'
fragments have recently been conjugated covalently to PEG-containing cationic posomes, thus
generating anti-HERZ cationic immunoliposome-DNA complexes. In these cationic SiL, FEG-
PE provides the attachment site for Fab', and when present at appropriate concentration,
minimizes non-specific reactivity. By this design, anti-HER? cationic SIL mediate efficient
transfection of SK-BR-3 cells in vitre: the addiion of Fab' is associated with a 20-fold increase
in reporter (frefly Inciferase) gene expression as compared 1o cationic liposomes facking Fab',
with minimal transfection observed in non-HERZ2-overexpressing MCF7 celis {W. Zheng and
K. Hong, unpubiished results). )

Anti-HERZ cationic SIL are also being developed for targeted delivery of
oligonucleotides. In recent studies, we have been able to show that a new formulation of these
SiL were found to be internalized in SK-BR-3 cells, resulting in rhedamine-labeled Hposome
accumulation within the cytosol, while the released FITC-Iabeled oligonuclestides accumulated
within the nucleus (Meyer et al., 1998).

ENHANCED RATES OF RELEASE AND EXTRAVASATION

In an attempt to stimolate the extravasation and release of liposome material after
localization in tumors, we have developed scveral different approachss, which are described
below, Although these formudations are not targeted to tumor celis specifically, their
application to this field could be substantial and could certainly include targeting.

Thermosensitive liposomes have been formulated to respond to an increase in temperature
from 37 to 42 degrees €, by an increase in the wite of release of encapsulated drogs in the
presence of plasma or serum {Gaber et al,, 1993). Jn vive studies with such liposomes have
shown that externatly applied local hyperthernia can not only increase the extravasation of
intact lipoosomes into the tumor mass, but also increase drastically the rate of release of the
encapsulated drug, doxorubicin (Gaber et al,, 1996).

Increased extravasation of liposomes mito specific tissues has also been observed after
systemic administration of vasoactive agents such as substance P (Rosenecker et al,, 1998). In
such a system, there is a very large inerease in the accumulation of Hposomes along with their
contents into the bronchial airways, the cesophagus and the urinary bladder (Rosenecker et al|
1996). This indicates the potential of increasing the permeability of speeific tissues to
liposomes by selecting specific ligands that have effects on the endothelial cells of such tissues,
Recently we have been able to show that when such liposomes encapsulate B-adrenergic
agonists, they can inhibit the effect of subsequent injections of substance P, indicating an anii-
inflaramatory effect (Fhang et al., 1998},

Finally, we bave reported recently the synthesis of new conjugates of PEG-PE where PEG
can be detached from lipasomes under the influence of mild reducing agents (Kirpotin et al.,
1997¢). Such detachment is followed by aggregation and fusion, which may be usefid for
applications requiring intracellular delivery (Park et al., 1997b; Kirpotin et al., 1997a).

PISCUSSION

Ant-HER2 SIL represent a potentially powerful strategy for the treatment of HER2-
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overexpressing cancers because of their ability to provide tumor-targeted intracelbhdar drug
delivery. Similarly to non-targeted sterically stabilized liposomes, SIL are stable and long
circulating in vive. Unlike liposornes, SIL bind (o and internalize in target cells but are not
reactive with normal cells. In HERZ-overexpressing tumor xenograft-nude mouse models, anti-
HERZ SIL localize selectively o tumor tissue, where they deliver encapsulated agents
intracelularly. In each animal model tested, dox-loaded anti-HER2 S greatly extend the
therapeutic index of dox, both by increasing its antitwmor efficacy and by reducing the systemic
host toxicity; SIL exhibited significantly superior efficacy as compared with either dox-loaded
sterically stabilized liposoraes or free dox.

The anti-HER2 immunocliposome strategy may also enable new therapeutic applications,
such as gene therapy. Compared with cationic liposomes, anti-HERZ2 cationic SIL provided
significantly higher levels of reporter gene expression in target cells, but not in non~target cells.
Anti-HER2 cationic SIL have also been developed to deliver oligonucicotides to target cells,
resuliing in the internalization of the complex and nuclear accumulation of oligonuclectides.

The properties of antu-HER2 SIL described here make them a promising and novel
strategy for wmor-targeted therapy. In particular, the development of inmunoliposome
constructs which are stable, long circulating, and able to deliver encapsulated agents
intracetiularly in tumor cells appears 1o be important for the success of this strategy. These
properiies may confer sufficient phammacokinetic and pharmacodynamic advantages o
overcome the previous Hritations of monoclonal antibody therapy and liposomal drug delivery
{Park et al, 1997%; Kirpotin et al, 1997b}.
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Abstract. Anti-HER2 immunoliposomes (ILs) combine the tumor-targeting properties of certain anti-
HER2 monoclonal antibodies (MAb) with the pharmacokinetic and drug delivery properties of sterically
stabilized liposomes (Ls). Anti-HER?2 ILs efficiently bind to and internalize in HER2-overexpressing cells
in vitro, resulting in intracellular drug delivery. Localization studies in tumor Xenograft models confirm
that anti-HER2 ILs, unlike liposomes, internalize in tumor cells in vivo. Gold-loaded ILs accumulate
intracellularly in the cytoplasm of tumor cells, while liposomes lacking MAb targeting accumulate
extracellularly or within macrophages. This novel mechanism of targeted, intracellular delivery may
account for the significantly enhanced antitumor efficacy of anti-HER2 ILs in vivo. Therapy studies
demonstrate that delivery of doxorubicin (dox) via anti-HER?2 ILs-dox greatly increases the therapeutic
index of dox, both by increasing antitumor efficacy and by reducing systemic toxicity. Anti-HER2 ILs-
dox produce marked therapeutic results in multiple HER2-overexpressing tumor xenograft models,
including growth inhibition, regressions, and cures. Anti-HER2 ILs-dox is significantly superior to all
other relevant treatment conditions, including free dox, liposomal dox, free MADb, and combinations. In
addition to dox, anti-HER2 ILs can in principle be constructed for tumor-targeted delivery of a wide
variety of anticancer agents, including alternate small molecule chemotherapeutics, antisense

oligonucleotides, and therapeutic genes.
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Strategies for tumor-targeted drug delivery, in which drugs are efficiently and selectively introduced to
tumor cells, have been intensely sought for improved cancer therapy. Current chemotherapeutic agents are
generally suboptimal with respect to both efficacy and toxicity, and would clearly benefit from targeted
delivery. Furthermore, advances in medicinal chemistry, such as rational drug design, combinatorial
chemistry, and antisense therapy, are now yielding an unprecedented number of novel anticancer agents,

many of these new molecules will require a delivery vehicle to efficiently reach their site of action,”

Anti-HER2 immunoliposomes (ILs) represent a promising new technology for tumor-targeted drug
delivery. Immunoliposomes have become feasible due to independent advances in the areas of liposome
research and monoclonal antibody (MAb)-based therapeutics. The successful integration of these
technologies has led to the develoment of immunoliposomes for tumor-targeted drug delivery (for review,
see ref. (1)).

An important advance in liposomal chemotherapy has been the development of stable, long-circulating
liposomes capable of enhanced tumor accumulation, such as "stealth" or "sterically stabilized" liposomes
(2). Liposomal doxorubicin and liposomal daunorubicin have demonstrated improved efficacy vs. free
drug in clinical trials, and have recently become commercially available, These liposomes are not directly
targeted to tumor cells; they accumulate in extracellular spaces within tumor tissue, and eventually release

drug for diffusion into tumor cells.

Similarly, the development of MAD for cancer therapy has finally led to clinical validation after two
decades of research. A leading example has been the development of MAD directed against the p185HER2
receptor tyrosine kinase, the product of the HER2 (erbB2, neu) protooncogene. HER?2 plays an important
role in the pathogenesis of breast and other cancers (for review, see ref. (3)). HER2 is highly and stably

. overexpressed in a significant proportion of these cancers, and is a logical target antigen for MAb-based
therapeutics. For example, muMAb4D5 and its humanized derivative, rhuMAbHER2
(trastuzumab/Herceptin™), inhibit the growth of HER2-overexpressing breast cancer cells and enhance
the efficacy of certain chemotherapy drugs (4). In clinical trials in advanced breast cancer, treatment with
rhuMADBHER? has shown encouraging antitumor activity as a single agent (5, 6), and particularly in
combination with chemotherapy (7).

Here we describe anti-HER2 immunoliposomes, in which long circulating liposomes are conjugated to
anti-HER2 MAD fragments to generate a tumor-targeted drug carrier.

384
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EXPERIMENTAL AND RESULTS
Construction of Anti-HER2 Immunoliposomes - (ILs)

Anti-HER?2 ILs incorporate multiple design elements to optimize intracellular delivery of encapsulated drug
to tumor cells. These include: 1) use of MAb fragment (Fab' or séFv) rather than intact IgG to avoid
accelerated clearance and immunogenicity; 2) sterically stabilized immunoliposomes for long circulation
and selective tumor extravasation; 3) conjugation of MAb fragment to derivatized polyethylene glycol
(PEG) linkers (see below) to facilitate immunoliposome binding and internalization; and 4) encapsulated
therapeutic agents (e.g.doxorubicin, vinorelbine) for enhanced therapeutic index via targeted intracellular

delivery.

Accordingly, anti-HER2 ILs were prepared as described (8, 9), as shown in Fig. 1. Anti-HER2 MAb
fragments consisted of either rhuMAbHER2-Fab' (Genentech, Inc.), expressed as a recombinant protein
in E. coli at high efficiency (10), or C6.5, an independently derived single-chain Fv (11). Sterically
stabilized liposomes were prepared as small unilamellar liposomes consisting of hydrogenated soy
phosphatidylcholine/cholesterol (HSPC/Chol, 3:2 molar ratio) and polyethylene glycol (PEG2000)-
derivatized disteroylphosphatidylethanolamine (PEG-PE) at varying concentrations (0-12 mol%), MAb
fragments were conjugated to liposomes by either of two alternative linkages. In the first of these, MAb
fragment was conjugated to maleimido-phosphatylethanolamine (M-PE) at the liposome surface ("MAb-
surface linkage"); in the second, to maleimide-terminated PEG-PE ("MAb-PEG linkage"). Both
procedures were highly efficient, typically yielding 50-100 Fab' fragments per liposome particle.

- - MADb Fragment
(Fab', scFv)
50/iLs

Y g M-PEG-PE
O €4———5SLs
'@ R
S
Anticancer Agent
(e.g. Dox,
10,000/ILs)

Fig. 1. Schematic representation of anti-HER2 immunoliposomes (ILs). ILs consisted of anti-HER2
MAD fragments conjugated to sterically stabilized liposomes (SLs). To avoid steric inhibition between
MAD fragments and PEG, MAb fragments were conjugated to maleimide-terminated PEG-PE,

385
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Binding and Internalization of Anti-HER2 Immunoliposomes

Quantitative studies of immunoliposome binding, internalization, and intracellular drug delivery were
performed with ILs containing a pH-sensitive fluorescent probe (1-hydroxypyrene-3,6,8-trisulfonic acid
(HPTS/pyranine). These studies demonstrated rapid uptake of ILs by SK-BR-3 via receptor-mediated
endocytosis (9). Total uptake of ILs in SK-BR-3 cells reached 23,000 ILs/cell, while total uptake of non-
targeted control liposomes was essentially undetectable. In contrast, total uptake of ILs in non-HER2-
overexpressing MCE-7 cells was 700-fold lower than in SK-BR-3 cells. ILs containing the MAb-surface
linkage showed reduced binding and endocytosis due to steric inhibition by PEG, which was circumvented
using ILs containing the MAb-PEG linkage.

The internalization of ILs containing colloidal gold particles was studied by electron microscopy (8). SK-
BR-3 cells treated with anti-HER?2 ILs showed gold-loaded ILs at the cell surface and intracellularly in
coated pits, coated vesicles, endosomes, multivesicular bodies, and lysosomes, consistent with

internalization occurring via the coated pit pathway.
Pharmacokinetics of Anti-HER2 Immunoliposomes

The plasma pharmacokinetics (PK) of anti-HER2 ILs containing doxorubicin (dox) have been studied in
non-tumor-bearing adult rats, Dox and anti-HER2 Fab' levels obtained by sampling venous blood after
single i.v. administration of ILs showed a marked prolongation of plasma half-life for both components:
the terminal half-lives of dox and Fab' in ILs were >10 hours, while that for free doxorubicin at the same
dose (800 pg) was less than 5 min. Importantly, ILs and sterically stabilized liposomes showed identical

plasma PK, indicating no measurable effect on clearance due to the presence of MAb.
Localization of Anti-HER2 Immunoliposomes to Tumors In Vive

Tumor localization studies revealed an important difference in the mechanism of delivery of anti-HER2 ILs
compared with sterically stabilized liposomes. Both ILs and liposomes accumulated to very high levels in
tumor xenografts with 7-8% injected dose/g tissue (12), However, examination of tumors following i.v.
treatment with gold-labeled ILs or Ls demonstrated marked differences in distribution and mechanism of
delivery. ILs were dispersed throughout the tumor, and, notably, were predominantly observed within the
cytoplasm of tumor cells. In contrast, liposomes accumulated extracellularly or within macrophages,
consistent with previous reports of the localization of sterically stabilized liposomes (13). These results
confirm that anti-HER?2 ILs, unlike liposomes, achieve intracellular drug delivery. This mechanism may

account for the improvement in tumor response including cures seen in these animal models (see below).

Delivery of Doxorubicin Via Anti-HER2 Immunoliposomes

386
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Anti-HER2 ILs containing dox were tested in 4 different HER2-overexpressing tumor xenograft-nude
mouse models: two independently-derived strains of BT-474 (106 HER2 receptors/cell); MCF7/HER2,
stable transfectants expressing high levels of HER2 (106 receptors/cell), and MDA-MB-453, a cell line
expressing lower levels of HER2 (105 receptors/cell). In these models, experimental treatment was
initiated 1-2 weeks after tumor implantation (tumor size 200-1000 mm®). Anti-HER2 ILs produced tumor
inhibition, regressions, and cures in as many as 50% of the animals (14). Tumor inhibition with
immunoliposomes was significantly superior to all other treatment conditions, which included saline, free
dox, free anti-HER2 MADb (rhuMAbHER?2), empty anti-HER2 ILs without dox, and sterically stabilized
liposomal dox. In eight separate studies comparing anti-HER?2 vs. liposomal dox, ILs yielded significantly
superior efficacy (p values from <0.0001 to 0.04). In addition, cure rates for immunoliposomes reached
50% (11/21) in recent studies using matrigel-free tumors, and overall 16% (18/115) in all models, vs. no
cures (0/124) with free dox or liposomal dox. Anti-HER?2 ILs-dox was also significantly superior to
combined therapy of free dox plus free rhruMAbHER?2 or liposomal dox plus thuMAbHER?2. Finally, the
dose of dox that could be administered in these models was significantly angmented by encapsulation
within liposomes (MTD 18-22 mg/kg, divided into three weekly injections), as compared with free dox
(7.5 mg/kg).

Anti-HER2 Immunoliposomes Containing Alternate Anticancer Compounds

Due to the versatility of liposome drug encapsulation, immunoliposome delivery can be exploited in
conjunction with a wide variety of cancer chemotherapeutic agents (1). For example, in addition to dox,
we prepared vinorelbine-loaded anti-HER?2 ILs, using a highly efficient remote loading technique;
vinorelbine-loaded liposomes were stable after prolonged storage and showed minimal drug release in
serum (15). The therapeutic efficacy of these ILs are currently under investigation. Other candidates for
immunoliposome delivery include other anthracyclines and anthracycline prodrugs, other vinca alkaloids,
methotrexate analogues, camptothecins, taxanes, cisplatin, and novel compounds. Theoretical advantages
of immunoliposome delivery of such agents include enhanced efficacy due to tumor-targeted, intracellular

delivery, reduced host toxicity due to altered biodistribution, and improved pharmacokinetics.
Nucleic Acid Delivery Via Immunoliposomes

In addition to prvoviding tumor-targeted delivery of small molecules, modified immunoliposomes can be
used for the intracellular delivery of nucleic acids. However, in order to efficiently deliver either oligo- or
polynucleotides, ILs must be substantially modified so as to: efficiently package DNA; retain favorable
pharmacologic properties (such as stability, long circulation, minimal non-specific reactivity, and reduced
immunogenicity); selectively and efficiently deliver nucleic acids to tumor cells; and provide intracellular
routing that allows nucleic acids to reach their target site.
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For antisense oligodeoxyribonucleotide (ODN) delivery, we have constructed anti-HER2
immunoliposomes in which cationic lipids have been included for efficient complexation with nucleic acid
(16). The non-specific reacitivity of these lipids was reduced by addition of a PEG coat analogous to that
used in sterically stabilized liposomes and ILs. These cationic anti-HER2 ILs-ODN complexes internalized
within SKBR3 cells in vitro, resulting in intracellular delivery and nuclear accumulation of labeled ODN.
Delivery of antisense ODN directed against the bcl-2 oncogene via cationic anti-HER2 ILs produced a
significant reduction in bcl-2 expression in vitro, which was greater than that associated with non-targeted
cationic liposomes or free ODN.

We have also constructed similar cationic anti-HER2 ILs for the delivery of therapeutic genes for gene

therapy (17). In vitro, these constructs efficiently transfected HER2-overexpressing cells, but not non-
target cells.

388
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DiISCUSSION

Anti-HER?2 ILs are as stable and long-circulating as sterically stabilized liposomes, but, unlike liposomes,
bind to and internalize in target cells. As a result, anti-HER?2 ILs greatly extend the therapeutic index of
dox, both by increasing its antitumor efficacy and by reducing its systemic toxicity. Furthermore, anti-
HERZY ILs-dox have demonstrated significantly superior efficacy vs. free dox, liposomal dox, free anti-
HER2 MAD, and combination therapies in a panel of tumor xenograft models. These studies have
established proof of concept that targeted delivery via anti-HER2 immunoliposomes improves antitumor

efficacy.

We conclude that anti-HER2 ILs represent a promising technology for tumor-targeted intracellular drug
delivery, Immunoliposome delivery has potentially broad applicability as a platform technology in
conjunction with other anticancer agents. ILs can be used as a vehicle for anticancer agents requiring
intracellular delivery, or may be useful in reducing adverse effects of other agents by altering
biodistribution, Finally, the immunoliposome strategy in principle can be adapted for targeted drug
delivery to cells expressing other antigens of interest using alternative MADb constructs.
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S Pavai, MD*, S F Yap, FRCPath*

. ORIGINAL ARTICLE

The Clinical Significance of Elevated Levels of Serum
CA 199 |

Department of Pathology, Faculty of Medicine, University of Malaya, 50603 Kuala Lumpur

Introduction

Carbohydrate antigen 19-9 (CA 19-9) was originally
isolated from a human colorectal cancer cell line as a
mucin like product’. The antigen is found in the normal
epithelial cells of the gall bladder, biliary ducts, pancreas
and stomach?. Multiple studies have shown that while
elevations in serum CA 19-9 appear to be useful in the
diagnosis of adenocarcinoma of the upper
gastrointestinal tract and in monitoring of colonic
carcinoma, its greatest sensitivity is in the detection of
pancreatic adenocarcinoma’. Elevations in CA 19-9 level
correlate with the degree of tumour differentiation as
well as the extent of tumour mass‘. In his studies,
Steinberg found that CA 19-9 has over all specificity of
90% and sensitivity of 80% in detecting adenocarcinoma

of the pancreas®. High CA 19-9 levels have been
associated with unresectable lesions and a poor
prognosis for patients presenting with pancreatic
carcinoma®.

Elevated CA 19-9 levels are not pathognomonic of
cancer of the pancreas; it may be elevated in other
malignancies as well as in benign conditions™®. The
objective of the study was to determine the significance
and implications of elevated CA 19-9 levels in the serum.

Materials and Methods

A one-year (January 2001 to December 2001)
retrospective review of all patients who had CA 19-9

This article was accepted: 16 April 2003
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level measured was undertaken. The results were
retrieved from the laboratory information system,
Department of Pathology, University Malaya Medical
Centre, Kuala Lumpur, and all patients who had CA 19-
9 greater than the cut-off value 37U/ml were noted. The
full clinical records of these patients were reviewed. Ca
19-9 was measured in the serum using a commercially
available immunometric assay kit (Immulite, DPC). The
upper limit of normal for CA 19-9 in our study was 37
U/ml.

Results

Of 650 patients, whose sera were analyzed for CA 19-9,
69 had their level above the cut-off value 37 U/ml. Thirty
six patients (52.2%) had malignancy and the remaining
33 (47.8%) had benign disease. The mean and range,
and the distribution pattern of CA 19-9 in the malignant
and benign conditions are shown and in Tables I and II
and Figures 1 and 2 respectively. The mean of CA 19-9
in the benign group was 83.81 U/ml whereas that in the
malignant group was 1632.06 U/ml; there was a
statistically significant difference between the two
conditions (p value < 0.005).

The benign conditions in which CA 19-9 were found to
be elevated were mostly diseases of the hepatobiliary
system (16/33). Other benign conditions associated with

elevation of CA 19-9 were pulmonary diseases (11/33),
end stage renal failure (3/33) and polymyositis. In 2
patients, the cause of the raised CA 19-9 level was not
clear; neither had evidence of any malignancy or other
organic diseases. 'In benign conditions, the tumour
marker was rarely elevated more than 200U/ml except
in one patient with liver cirrthosis and another with
cholecystitis. Overall, the level of this tumour marker
was less than 100 U/ml in 69.7% of the benign
conditions. Levels higher than this were observed only
in patients with liver cirrhosis and cholecystitis.

The malignant conditions with elevated CA 19-9 level
were colorectal, pancreatic, hepatic, lung and ovarjan
carcinoma. Two patients with bony metastasis but
unknown primary also had high CA 19-9 level in the
serum. In the present study, this tumour marker was
more than 500 U/ml in 50% of the patients with
malignancies. Markedly raised levels of more than
10,000 U/ml were observed in patients with advanced
stages of colorectal, pancreatic and lung carcinoma. It is
notable that in a sizable proportion (22.2%) of the cases,
the CA 19-9 levels were less than 100 U/ml. This
included 2 patients with pancreatic cancer; both patients
were post-operative cases who had testing done for
assessment. With the exclusion of these 2 subjects, the
majority of pancreatic cancer patients were found to
have significantly elevated CA 19-9.

Table I: The mean and range of CA 19-9 in malignant and benign conditions

No: of subjects Mean Range
Malignant Conditions
Colorectal 10 1970.5 40 - 10000
Pancreatic 9 4274 40 - 10000
Hepatic 6 222.9 40 - 400
Lung 6 4361.7 70 - 10000
Ovary 3 1763 60 - 4986
Primary 2 709.5 122 - 1297
Benign Conditions
Hepatitis 4 59 47 - 80
Cirrhosis 7 123.7 84- 227
Cholecystitis 5 129.4 50- 331
Pneumonia 5 - 496 40 - 60
Pleural effusion 5 80.6 40- 136
Renal failure 3 64 45 - 90
Autoimmune 1 46
Miliary Tuberculosis 1 42
No abnormality 2 42 40 - 44
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Table II: Distribution of CA19-9 assay values

No: of subjects | 37.0 -100 100.1-200 200.1-500 >500
Malignant Conditions ' '
Colorectal 0 1 2 1 6
Pancreatic 9 2 2 - 5
Lung 6 1 1 - 4
Hepatic 6 2 1 3 -
Ovary 3 1 1 1
Primary 2 1 - - 1
Benign Conditions
Hepatitis 4 4 - - -
Cirrhosis 7 2 4 1 -
Cholecystitis 5 2 2 1 -
Pneumonia 5 5 - - -
Pleural effusion 5 3 2 -
Renal failure 3 3 -
Autoimmune 1 1 -
Miliary Tuberculosis 1 1 - - -
No abnormality 2 2 - - -
100000 Serum CA 199 level in different benign conditions
350
10000 *» @
N = . - 300
1000 - = 4 250 rvs
: s . ; e
$ ° L » Pacumonla
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Discussion

Since its discovery by Koprowski and coworkers, CA 19-
9 antigen has been used widely as a tool for the
investigation and management of patients with
pancreatic carcinoma. CA 19-9 antigen in tissue exists
primarily as an epitope present on a glycolipid, sialo-
lacto-N fucopentose II ganglioside; in serum, the CA 19-
9 antigen is associated with a mucin®. The
oligosaccharide on which the CA 19-9 epitope was
found is a sialylated Lewis A blood group antigen®.
Patients who are genotypically Lewis a-b cannot
synthesize the CA 19-9 antigen and thus it had been said
that the maximum achievable sensitivity of this
investigation in serum would be 95%".

The CA 19-9 is a tumour associated, but not a tumour
specific antigen. It is synthesized by normal human
pancreatic and biliary ductular cells, as well as by
gastric, colonic, endometrial and salivary epithelia®® and
has been found in normal seminal fluid. This explains
the elevated level of CA 19-9 in many malignancies.

Although CA 19-9 was found to be elevated in many
different malignancies in our study, very high values
were observed only in patients with advanced stagés of
colorectal carcinoma and in pancreatic adenocarcinoma.
This finding is similar to what other workers had found
in their studies® . CA 19-9 level has been suggested as
a prognostic indicator of patient survival®. However, we
are unable to verify this in the present study, as there
was no further follow up of the study subjects in most
instances. We also observed markedly increased level of
CA 19-9 in carcinoma of lung with metastasis. . CA 19-9
had been found in epithelial tumours of the lung
explaining the presence of elevated levels of this antigen
in lung cancer. High levels CA 19-9 were reported to be
related to advanced stage adenocarcinoma of the lung®.
Elevation of this tumour marker in hepatocellular
carcinoma had been reported by other workers'
however, similar degrees of elevation had also been
observed in patients with cirrhosis. Therefore, CA 19-9
is not considered an informative marker in the diagnosis

of hepatocellular carcinoma’. This observation is also

substantiated in our study.

In patients with primary epithelial ovarian carcinoma,
CA 19-9 had been stated to have sensitivity of 55.9%®.
However, unlike the carbohydrate antigen 125 (CA -
125), CA 19-9 shows no correlation with clinical stage®®.
In our series of patients, there was only one case of
ovarian carcinoma; this patient had metastasis to the

670

lung and a high serum CA 19-9. In the two cases of
unknown primary cancer with secondaries in the bone,
histopathological examination showed that the lesions
were metastatic adenocarcinoma. Our observation
support a previous report stating that increased levels of
CA 19-9 is related to metastatic adenocarcinoma and to
advanced stages of cancer of unknown primary *.

CA 199 is elevated not only in hepatobiliary
malignancies, but also in benign hepatobiliary
disorders®. Of the 33 patients with benign diseases who
had elevated level of CA 19-9, 16 of them had
hepatobiliary disorders (48%). Cholestasis is believed to
play an important role in causing raised CA 19-9 level in
these patients?.  Hence, caution is needed in
interpreting elevated CA 19-9 in patients with jaundice.
In fact, extraordinarily elevated CA '19-9 had been
reported in- patients with acute cholangitis causing
diagnostic dilemma in those patients®. In all our cases
of hepatitis, the tumour marker was less than 100 U/ml;
however, we noted higher levels in patients with liver
cirrhosis and cholecystitis with gallstones.

Other non-malignant conditions in which we found
raised CA 19-9 included benign pulmonary diseases and
end stage renal failure. In all but 2 of our cases, both of
whom had benign pulmonary disease, CA 19-9 was
elevated to less than 100U/ml. CA 19-9, had been
shown to be expressed in mucous cells of the bronchial
gland and surface of the bronchiolar surface epithelium
cells in  benign  pulmonary  disease by
immunohistochemical staining®. This may explain the
elevated level of CA 19-9 in pulmonary diseases.
Increased evidence of malignancy had been reported in
end stage renal failure patients. Tumours of kidney and
corpus uteri are the most common forms of neoplasia
seen in renal failure®. In our three cases of renal failure
the tumour marker was above the cut-off value but less
than 100 U/ml; none of them had any sign of
malignancy. Tumour markers have been reported to be
higher in uraemic patients compared to the normal
controls®, which may be related to the metabolic
aberrations in this condition?. Therefore, care should
also be exercised in interpreting the tumour marker level
in renal failure patients.

The tumour marker was elevated in one patient with
polymyositis; Shimomura et al had also reported the
same findings?. CA 19-9 elevation may indicate severe
disease or involvement of lungs due to the underlying
disease process?. In two individuals in whom the
tumour marker had been requested as a screening

Med | Mdlaysia Vol 58 No 5 December 2003
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procedure, CA 19-9 was found to be elevated, albeit
only mildly. In these two individuals, there was no
evidence of malignancy or any benign diseases. This
emphasizes the fallacy of using tumour markers as a
routine screen in patients in whom there are no
indications.

Our data shows that CA 19-9 is elevated in both benign
and malignant conditions, although the level in
malignancy is significantly higher. The marker is useful

The Clinical Significance of Elevated Levels of Serum Ca 199

as an adjunct in diagnosis of pancreatic carcinoma and
in the assessment of surgical adequacy post-operatively.
However, its interpretation must be made in conjunction
with clinical findings and other ancillary investigations.
It should not be used as a screening test for
malignancies.  Patients with -a variety of benign
conditions such as hepatobiliary diseases, pulmonary
diseases and renal failure have levels above the cut-off
value.
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stromal-modifying anti-cancer properties
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C. Sh-38 conversion in Pancreatic xenografts D. Activity in the SK-£S1 xenograft
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:B. Activity in the HT-29 xenograft C. Dose dependency of CAiX expression ). CAIX expression and size correlation
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B. «:SMA axpression around vessels
BES MIR

C. Vessel quantitation
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A. Additional markers of MM398 response

.
-
R
i

.,,
e

5.
“:\

B. Dil5-labeled flucrescent liposome deposition arcund CR31 positive vessels

CSPC Exhibit 1111
7 Page 92 of 399



Ongoing Phase 3 monotherapy in 27 line pancreatic cancer patients

Ongoing Phase 2 combination with 53-FU & LV in 2™ {ine colorectal cancer
Compieted Phase 2 monotherapy in 277 line pancreatic cancer patients

Completed Phase 2 monotherapy in 2" line gastric cancer patients

Completed Phase 1 monotherapy in colorectal cancer full data to be presented in 2012
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274

BACKGROUND

+ Inthe USA, lung cancer accounts for approximately 25% of cancer-related deaths, with
small-cell lung cancer (SCLC)Y oceurring in approximately 13% of all lung cancer cases
(Figure 12

- Many patients with SCLC develop drug resistance to established first-line (1L) therapies,
and effective second-line (2L) therapies are limited?
- Currently, in the USA and Europe, the topoisomerase | inhibitor topotecan is approved as

a 2L therapy to treat patients with SCLC who have relapsed*®

- Preliminary data from the first part (dose-ranging} of the two-part phase 2/3 RESILIENT
study (NCTO3088813) showed that liposomal irinotecan 70 mg/my? free base (ONIVYDE,
ONIVYDE pegylated liposomal) administered intravenously every 2 weeks appeared to be
well tolerated and exhibited promising antitumor activity®

- Here, we present the design of the second, larger part of the RESILIENT study, which will
evaluate the efficacy and safety of liposomal irinotecan versus topotecan in the same
patient population asinpart 1
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Data collection and follovw-up

« Anonymized data will be collected using an electronic case-report form.

+ Thirty days after permanent discontinuation of the study treatment, patients will undergo a
30-day follow~up assessment and will be observed for survival status every month
untit death or study end {when all patients have died or withdrawn consent, or are lost
to foltow-upl

+ All patients will be treated until disease progression or treatiment toxicity.

« Tumor assessments will be performed by computed tomography or magnetic resonance
imaging every 6 weeks {+ 1 week) using Response Evaluation Criteria in Solid Tumors
version 11 (RECIST v11) guidelines and Response Assessment in Newro-Oncology (RANGO)
criteria for central nervous system lesions.

CSPC Exhibit 1111
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Anslyses

- Efficacy analyses will be performed on the ‘intent-to-ireal’ population.

+ Safety analyses will be performed on patients who received at least one dose of any
study treatment.

+ OS will be assessed using Kaplan-Meier methodology. and differences between treatment
arms will be assessed using a stratified tog-rank test.

+ Differences in progression-free survival between study anms will be evaluated using
a stratified (by region and platinum sensitivity) log-rank test and displayed using
Kaplan-Meier methodology. The hazard ratio will be determined using a stratified
Cox proportional-hazards model.

+ Differences in overall response rate between study arms will be compared using the
Cochran-Mantel-Haenszel method and stratified by region and platinum sensitivity.

Recruitment updale

< As of April 2020, 14G patients in total have been enrolled.
- Recruitment is ongoing at 113 centers in Europe, the USA and Asia-Pacific (Figure 3).

X
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PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter I of the Patent Cooperation Treaty)

(PCT Rule 44bis)

Applicant’s or agent’s file reference FOR FURTHER ACTION See item 4 below

P0O71520WO

International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/GB2017/053293 01 November 2017 (01.11.2017) 02 November 2016 (02.11.2016)

International Patent Classification (8th edition unless older edition indicated)
See relevant information in Form PCT/ISA/237

Applicant
IPSEN BIOPHARM LTD.

1. This international preliminary report on patentability (Chapter I) is issued by the International Bureau on behalf of the
International Searching Authority under Rule 44 bis.1(a).

2. This REPORT consists of a total of 7 sheets, including this cover sheet.

In the attached sheets, any reference to the written opinion of the International Searching Authority should be read as a
reference to the international preliminary report on patentability (Chapter I) instead.

3.  This report contains indications relating to the following items:

VA{ Box No. I Basis of the report

g Box No. II Priority

D Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

|:] Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or

industrial applicability; citations and explanations supporting such statement

m Box No. VI Certain documents cited
|:] Box No. VII Certain defects in the international application
D Box No. VIII Certain observations on the international application

4.  The International Bureau will communicate this report to designated Offices in accordance with Rules 44bis.3(c) and 93bis.1
but not, except where the applicant makes an express request under Article 23(2), before the expiration of 30 months from
the priority date (Rule 44bis .2).

Date of issuance of this report
07 May 2019 (07.05.2019)

The International Bureau of WIPO Authorized officer

34, chemin des Colombettes . . .
1211 Geneva 20, Switzerland Athina Nickitas-Etienne

Facsimile No. +41 22 338 82 70 e-mail: pct.team4@wipo.int

Form PCT/IB/373 (January 2004) CSPC Exhibit 1111
XN1b1
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From the _
INTERNATIONAL SEARCHING AUTHORITY

To:

PCT

see form PCTASAR20 WRITTEN OPINION OF THE

(PCT Rule 43bis.1)

INTERNATIONAL SEARCHING AUTHORITY

Date of mailing
(day/month#ear) see form PCTASAZ210 (second sheet)

Applicant's or agent's file reference

FOR FURTHER ACTION
see form PCTASAR220

See paragraph 2 below

International application No.

PCTAGB2017/053293

International filing date (day/month4ear)
01.11.2017

Priority date (day/monthjyrear)
02.11.2016

International Patent Ciassification (IPC) or both national classification and IPC

INV. A61P3500 A61K31/4453 A61K31/4178 A61K31513 AB1K31519 AB1K3A127

Applicant
IPSEN BIOPHARM LTD

1.  This opinion contains indications relating to the following items:

& Box No. | Basis of the opinion

X Box No. |l Priority

] Box No. lll  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

[0 Box No. IV Lack of unity of invention

X Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial
applicability; citations and explanations supporting such statement

XK Box No. V|l  Certain documents cited

[J Box No. VIl Certain defects in the international application

] Box No. VIII Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the

International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority
will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Form PCTASA/220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA/220.

Name and mailing address of the ISA: Date of completion of

this opinion

Authorized Officer

European Patent Office
see form

__Q D-80298 Munich
Tel. +49 892399 - 0

Fax: +49 89 2399 - 4465

PCTASAR210

Hornich-Paraf, E

Telephone No. +49 89 2399-0
CSPC Exhi

Exhibit

Form PCTASAR237 (Cover Sheet) (January 2015)
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YIITTEN OPINION OF THE international application No.

v 'ERNATIONAL SEARCHING AUTHORITY PCT/GB2017/053293

Box No.1 Basis of the opinion

1.

2.

With regard to the language, this opinion has been established on the basis of:
the international application in the language in which it was filed.

[1 atranslation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

[0 This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Ruie 91 (Rule 43bis.1(a))

. [0 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this

opinion has been established on the basis of a sequence listing:
a. [ forming part of the international application as filed:
O in the form of an Annex C/ST.25 text file.

O on paper or in the form of an image file.

b. [ furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of
international search only in the form of an Annex C/ST.25 text file.

c. 0 furnished subsequent to the international filing date for the purposes of international search only:
I in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

L1 on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section
713).

1 In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
furnished.

. Additional comments:

Box No. Il Priority

. The validity of the priority claim has not been considered because the International Searching Authority

does not have in its possession a copy of the earlier application whose priority has been claimed or, where
required, a transiation of that earlier application. This opinion has nevertheless been established on the
assumption that the relevant date (Rules 43bis.1 and 64.1) is the claimed priority date.

. I This opinion has been established as if no priority had been claimed due to the fact that the priority claim

has been found invalid (Rules 43bis.1 and 64.1). Thus for the purposes of this opinion, the international
filing date indicated above is considered to be the relevant date.

. Additional observations, if necessary:

CSPC Exhibit 1111
Form PCTASA/237 (January 2015) Page 121 of 399



WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

International application No.
PCT/GB2017/053293

Box No.V Reasoned statement under Rule 43 bis.1{a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1.

Statement

Novelty (N) Yes: Claims 1-27
No: Claims

Inventive step (IS) Yes: Claims
No: Claims 1-27

Industrial applicability (1A) Yes: Claims 1-27
No: Claims

. Citations and explanations

see separate sheet

Box No. VI Certain documents cited

. Certain published documents (Ruiles 43bis.1 and 70.10)

and /or
Non-written disclosures (Rules 43bis.1 and 70.9)

see form 210

Form PCTASA/237 (January 2015)

CSPC Exhibit 1111
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/GB2017/053293
SECTION V
1. Cited documents:
D1 MATTEO DALLA CHIESA ET AL: "Sequential chemotherapy with dose-dense docetaxel,

cisplatin, folinic acid and 5-fluorouracil (TCF-dd) followed by combination of oxaliplatin, folinic
acid, 5-fluorouracil and irinotecan (COFFI) in metastatic gastric cancer: results of a phase i trial”,
CANCER CHEMOTHERAPY AND PHARMACOLOGY, SPRINGER, BERLIN, DE,

vol. 67, no. 1, 5 March 2010 (2010-03-05), pages 41-48, ISSN: 1432-0843, DOI: 10.1007/
S00280-010-1281-5

D2 STEFAN PEINERT ET AL: "Safety and efficacy of weekly 5-fluorouracil/ folinic acid/oxaliplatin/
irinotecan in the first-line treatment of gastrointestinal cancer”,
THERAPEUTIC ADVANCES IN MEDICAL ONCOLOGYENGLANDJAN 2018,
vol. 2, no. 3, 1 May 2010 (2010-05-01), pages 161-174, UK
ISSN: 1758-8340, DOI: 10.1177/1758834010365061

D3 Chung-Tzu Hsueh: "Nanovectors for anti-cancer drug delivery in the treatment of advanced
pancreatic adenocarcinoma", 21 August 2016 (2016-08-21),
Retrieved from the Internet:

URL:https://www.wjgnet.com/1007-9327/full/v22/i31/7080.htm {retrieved on 2018-01-25]

D4 ANDREW KO: "Nanomedicine developments in the treatment of metastatic pancreatic cancer:
focus on nanoliposomal irinotecan”,
INTERNATIONAL JOURNAL OF NANOMEDICINE, 1 March 2016 (2016-03-01), page 1225,
AUCKLAND, NZ, ISSN: 1176-9114, DOI: 10.2147/IJN.588084

D5 WO 2013/138371 A1
D& WO 2013/188586 A1
D7 WO 2011/066684 A1
D8 WO 2017/034957 A1
D9 WO 2017/031442 A1
D10 WO 2017/172678 A1

Reference is made to the passages cited in the Search Report.

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)

CSPC Exhibit 1111
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING '
AUTHORITY (SEPARATE SHEET) PCT/GB2017/053283

D1 reports on a trial investigating the combination of irinotecan, oxaliplatin, 5-
fluoruracil and leucovorin (COFFI) in metastatic gastric cancer. It appears that
liposomal irinotecanis not disclosed. Administration was once every two weeks.

D2 also reports on a trial on the safety and efficacy of weekly irinotecan, oxaliplatin, 5-

fluoruracil and leucovorin (FUFOXIRI) in gastric cancer. Again, the document does
not refer to liposomal irinotecan.

D3 reports on the usefulness of liposomal irinotecan (nal-irinotecan), 5-fluoruracil and
leucovorin for the treatment of pancreas adenocarcinoma. The document also refers
to a study on adding oxaliplatin to nal-IRI/LV/5-FU as 1-line treatment in metastatic
pancreatic adenocarcinoma (NCT02551991). It appears that gastric cancer is not
mentioned.

D4 in table 1 reports as well on the ongoing trial of nal-irinotecan with 5-fluoruracil,
leucovorin and oxaliplatin in pancreatic adenocarcinoma (NCT02551991).

D5 reports on the usefulness of combination therapies i.a. including folinic acid
(feucovorin), 5-fluorouracil, irinotecan and oxaliplatin (FOLFIRINOX) for the treatment
of various cancers, i.a. pancreatic cancer. It is also disclosed that nanoliposomal
irinotecan, MM-398 is investigated i.a. for gastric cancer.

D6 relates to the co-administration of liposomal irinotecan (MM-398) with 5-fluoruracil
and leucovorin for the treatment of pancreatic cancer. Example 5 relates to phase |
and |l clinical studies of MM-398 in patients suffering from gastric cancer.

D7 relates to liposomes of irinotecan.
for D8 to D10 reference is made to SECTION VI of this report.

2. Novelty (Art.33(2) PCT)

It appears that none of the cited prior art documents discloses the usefulness of
liposomal irinotecan, oxaliplatin, leucovorin and 5-fluoruracil in the defined amounts
for the treatment of gastric cancer. The claimed subject-matter seems therefore novel
in the light of the available prior art.

3. Inventive step (Art. 33(3) PCT)

The usefulness of FOLFIRINOX / FOLFOXIRI / COFFI (irinotecan + oxaliplatin +
leucovorin + 5-fluoruracil) for the treatment of gastric cancer is known from D1 or D2.

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)

CSPC Exhibit 1111
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2017/053293

The difference of the present application to these known regimes is obviously the use
of liposomal irinotecan instead of the irinotecan.

It is known from the prior art that liposomal irinotecan has improved properties as to
efficacy and toxicity compared to non-liposomal irinotecan (e.g. D3, D4 or D7).
Combinations of leucovorin + 5-fluoruracil with liposomal irinotecan have already
been described as useful for the treatment of pancreatic adenocarcinoma (see e.qg.
D3 or D4); in these documents reference is also made to an 'ongoing' clinical trial
investigating the further addition of oxaliplatin to this combination, also for the
treatment of pancreatic adenocarcinoma.

Any seen improved effect in the use of liposomal irinotecan instead of irinotecan was
thus expectable.

For the skilled person it would thus have been obvious to at least investigate the
effect of the use of liposomal irinotecan instead of irinotecan.

An inventive step can therefore presently not be acknowledged for the claimed
subject-matter.

4. ' icability (Art. 33(4) PCT)
The patentability can be dependent upon the formulation of the claims.

Patentability, in particular novelty and inventive step, of claims 1-27 has been
assessed on the basis of a purpose-limited product claim taking into account the
alleged effects of the compounds used in combination.

SECTION VI

5. D8 to D10 were published after the priority date but before the filing date of the
present application:

D8 discloses combinations of liposomal irinotecan, oxaliplatin, leucovorin and 5-
fluorouracil in treating metastatic adenocarcinoma of the pancreas in a human patient.

D9 relates to liposomal irinotecan, also in combination with 5-fluoruracil and
leucovorin. The usefulness for the treatment of gastric cancer is disclosed.

D10 discloses the usefulness of a combination of liposomal irinotecan, 5-fluoruracil
and leucovorin for the treatment of colorectal cancer. Liposomal irinotecan was also
investigated in gastric cancer.

Form PCT/ISA/237 {Separate Sheet) (Sheet 3) (EPO-April 2005)

CSPC Exhibit 1111
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent’s file reference FOR FURTHER see Form PCT/ISA/220
P071520WO ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date {day/month/year)
PCT/GB2017/053293 1 November 2017 (01-11-2017) 2 November 2016 (02-11-2016)
Applicant

IPSEN BIOPHARM LTD

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

6

This international search report consists of a total of sheets.

It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed

|:| atransiation of the international application into , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. |:| This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. |:| With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. 1.
2. |:| Certain claims were found unsearchable (See Box No. i)
3. [] unity of invention is lacking (see Box No 1)

4. With regard to the title,
EI the text is approved as submitted by the applicant
the text has been established by this Authority to read as follows:

TREATING GASTRIC CANCER USING COMBINATION THERAPIES COMPRISING LIPOSOMAL IRINOTECAN,
OXALIPLATIN, 5-FLUORURACIL (AND LEUCOVORIN)

5. With regard to the abstract,
the text is approved as submitted by the applicant

|:| the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No.
I:I as suggested by the applicant
EI as selected by this Authority, because the applicant failed to suggest a figure
|:| as selected by this Authority, because this figure better characterizes the invention
b. none of the figures is to be published with the abstract

Form PCT/ISA/210 (first sheet) (January 2015) CSPC Exhibit 1111
Page 126 of 399



INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2017/053293

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61P35/00 A61K31/4453

A61K31/4178
A61K9/127

A61K31/513 A61K31/519

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61P A61K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, CHEM ABS Data, EMBASE, SCISEARCH, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y MATTEO DALLA CHIESA ET AL: "Sequential
chemotherapy with dose-dense docetaxel,
cisplatin, folinic acid and 5-fluorouracil
(TCF-dd) followed by combination of
oxaliplatin, folinic acid, 5-fluorouracil
and irinotecan (COFFI) in metastatic
gastric cancer: results of a phase I1I
trial™,

CANCER CHEMOTHERAPY AND PHARMACOLOGY,
SPRINGER, BERLIN, DE,

vol. 67, no. 1, 5 March 2010 (2010-03-05),
pages 41-48, XP019855948,

ISSN: 1432-0843, DOI:
10.1007/500280-010-1281-5

the whole document, in particular

the abstract

'Patients and Methods'

'Results'

‘Discussion’

_/__

1-27

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) orwhich is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

“P" document published prior to the international filing date but iater than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

25 January 2018

Date of mailing of the intemational search report

02/02/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Hornich-Paraf, E

Form PCT/ISA/210 {second sheet} (April 2005}
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INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2017/053293

C{Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

STEFAN PEINERT ET AL: "Safety and
efficacy of weekly 5-fluorouracil/ folinic
acid/oxaliplatin/irinotecan in the
first-1line treatment of gastrointestinal
cancer",

THERAPEUTIC ADVANCES IN MEDICAL
ONCOLOGYENGLANDJAN 2016,

vol. 2, no. 3, 1 May 2010 (2010-05-01),
pages 161-174, XP055443480,

UK

ISSN: 1758-8340, DOI:
10.1177/1758834010365061

the whole document, in particular

the abstract

'Patients and Methods'

'Results’

'Discussion’

Chung-Tzu Hsueh: "Nanovectors for
anti-cancer drug delivery in the treatment
of advanced pancreatic adenocarcinoma",

21 August 2016 (2016-08-21), XP055444354,
Retrieved from the Internet:
URL:https://www.wjgnet.com/1007-9327/full/
v22/i31/7080.htm

[retrieved on 2018-01-25]

the whole document, in particular

the abstract

page 7081, column 2, paragraph 1

Table 1, last entry

‘Nanoliposomal irinotecan (NAL-IRI, PEPO2,
MM-398) ': page 7084 et seqq., in
particular

page 7085, column 1, paragraph 2 - page
7086, column 1, paragraph 1

ANDREW KO: "Nanomedicine developments in
the treatment of metastatic pancreatic
cancer: focus on nanoliposomal
irinotecan",

INTERNATIONAL JOURNAL OF NANOMEDICINE,

1 March 2016 (2016-03-01), page 1225,
XP055443469,

AUCKLAND, NZ

ISSN: 1176-9114, DOI: 10.2147/1JN.S88084
the whole document, in particular

table 1

page 1233, column 2, paragraph 2

_/__
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International application No

PCT/GB2017/053293

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A W0 2013/138371 Al (MERRIMACK
PHARMACEUTICALS INC [US])

19 September 2013 (2013-09-19)

in particular

page 3, line 10 - line 15

page 5, line 11 - line 15

page 10, line 25 - page 11, line 2
page 11, line 28 - page 12, line 9
Claims, in particular

claims 43-45, 72, 73, 97-99

A WO 2013/188586 Al (MERRIMACK
PHARMACEUTICALS INC [US])

19 December 2013 (2013-12-19)

the whole document, in particular
Background

Summary

IV. Administration

VII. Treatment Protocols

examples 5, 6

Claims

A WO 2011/066684 Al (JIANGSU HENGRUI
MEDICINE CO [CN]; SHANGHAI HENGRUI
PHARMACEUTICAL CO L)

9 June 2011 (2011-06-09)

the whole document, in particular also the
claims

X,P WO 2017/0634957 Al (MERRIMACK
PHARMACEUTICALS INC [US])

2 March 2017 (2017-03-02)

the whole document

Y,P WO 2017/031442 Al (MERRIMACK
PHARMACEUTICALS INC [US])

23 February 2017 (2017-02-23)

in particular

paragraph [0005]

paragraph [0077]

paragraphs [0114], [0115]

example 8

Y,P WO 2017/172678 Al (MERRIMACK
PHARMACEUTICALS INC [US])

5 October 2017 (2017-10-05)

the whole document, in particular
Background

Summary

V. Administration

VII. Treatment Protocols

examples 5-7

examples 9-15

Claims
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1-27

1-27
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INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2017/053293
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2013138371 Al 19-09-2013 AU 2013201584 Al 26-09-2013
WO 2013138371 Al 19-09-2013

WO 2013188586 Al 19-12-2013 AU 2013202947 Al 16-01-2014
AU 2013274287 Al 29-01-2015
CA 2875824 Al 19-12-2013
CN 104717961 A 17-06-2015
DK 2861210 T3 24-07-2017
EP 2861210 Al 22-04-2015
EP 3266456 Al 10-01-2018
ES 2632915 T3 18-09-2017
HK 1209627 Al 08-04-2016
JP 2015523355 A 13-08-2015
JP 2017149783 A 31-08-2017
KR 20150021565 A 02-03-2015
KR 20170104638 A 15-09-2017
NZ 702469 A 25-08-2017
PL 2861210 T3 29-12-2017
PT 2861210 T 26-07-2017
RU 2015100529 A 10-08-2016
SI 2861210 T1 36-10-2017
TW 201412345 A 01-04-2014
US 2015182521 Al 02-07-2015
US 2015328156 Al 19-11-2015
US 2015374682 Al 31-12-2015
US 2016074382 Al 17-03-2016
US 2016228428 Al 11-08-2016
US 2017065578 Al 09-03-2017
US 2017368056 Al 28-12-2017
WO 2013188586 Al 19-12-2013
ZA 201408804 B 28-06-2017

WO 2011066684 Al 09-06-2011 AU 2009356132 Al 21-06-2012
BR 112012012151 A2 12-04-2016
CA 2782911 Al 09-06-2011
CN 102271659 A 07-12-2011
Cy 1116811 T1 15-03-2017
DK 2508170 T3 21-09-2015
EP 2508170 Al 10-10-2012
ES 2547698 T3 08-10-2015
HK 1159482 Al 17-04-2014
HR P20150911 T1 23-10-2015
HU EQ27467 T2 28-10-2016
JP 5645954 B2 24-12-2014
JP 2013512262 A 11-04-2013
KR 20120089754 A 13-08-2012
KR 20160140992 A 07-12-2016
PT 2508170 E 16-10-2015
RU 2012123875 A 20-01-2014
SI 2508170 T1 31-12-2015
SM  T201500245 B 30-10-2015
US 2012282325 Al 08-11-2012
US 2017189392 Al 06-07-2017
WO 2011066684 Al 09-06-2011
ZA 201203316 B 27-11-2013

WO 2017034957 Al 02-03-2017 TW 201717933 A 01-06-2017
US 2017049775 Al 23-02-2017

Palak Vol

Form PCT/ISA/210 {patent family annex) (April 2005)
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Information on patent family members

International application No

PCT/GB2017/053293
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2017034957 Al 02-03-2017
WO 2017031442 Al 23-02-2017 TW 201713312 A 16-04-2017
US 2017049767 Al 23-02-2017
WO 2017031442 Al 23-02-2017
WO 2017031445 Al 23-02-2017
WO 2017172678 Al 05-10-2017  NONE
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

see form PCTASAR220

Date of mailing
(day/monthirear) see form PCTASAR210 (second sheet)

Applicant's or agent's file reference FOR FURTHER ACTION

see form PCTASAR220 See paragraph 2 below

International application No. International filing date (day/monthiear) Priority date (day/monthiear)
PCT/AGB2017/053293 01.11.2017 02.11.2016

International Patent Classification (IPC) or both national classification and IPC

INV. A61P35/00 A61K31/4453 A61K31/4178 A61K31513 A61K31519 A61K9/127

Applicant
IPSEN BIOPHARM LTD

1.  This opinion contains indications relating to the foliowing items:

Box No. | Basis of the opinion
Box No. | Priority
Box No. {il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited
Box No. VIl Certain defects in the international application

OOK ROOKEK

Box No. Vil Certain observations on the international application
2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Form PCTASA/2220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA/220.

Name and mailing address of the ISA: Date of completion of Authorized Officer
- this opinion &c@@c\‘gs Fetonr,, "
@ European Patent Office see form ) j ) %
& eones Munion POaTIeAD10 Hornich-Paraf, E | g i
Tel. +49 89 2399 - 0 Telephone No. +49 89 2399-0 Ry
Fax: +49 89 2399 - 4465 ACDC Tulailis 1

i
COT T X1t

11
1T
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/GB2017/053293

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

D
O

the international application in the language in which it was filed.

a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing:

a. O forming part of the international application as filed:

O in the form of an Annex C/ST.25 text file.

O on paper or in the form of an image file.

b. O furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of
international search only in the form of an Annex C/ST.25 text file.

c. [ furnished subsequent to the international filing date for the purposes of international search only:
O in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).
O on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section

713).

In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
furnished.

5. Additional comments:

Box No. Il Priority

1.

The validity of the priority claim has not been considered because the International Searching Authority
does not have in its possession a copy of the earlier application whose priority has been claimed or, where
required, a translation of that earlier application. This opinion has nevertheless been established on the
assumption that the relevant date (Rules 43bis.1 and 64.1) is the claimed priority date.

This opinion has been established as if no priority had been claimed due to the fact that the priority claim
has been found invalid (Rules 43bis.1 and 64.1). Thus for the purposes of this opinion, the international
filing date indicated above is considered to be the relevant date.

3. Additional observations, if necessary:

CSPC Exhibit 1111
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WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

International application No.

PCTAGB2017/053293

Box No.V Reasoned statement under Rule 43 bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes:
No:

Inventive step (1S) Yes:
No:

Industrial applicability (1A) Yes:
No:

2. Citations and explanations

see separate sheet

Claims
Claims

Claims
Claims

Claims
Claims

Box No. VI Certain documents cited

1. Certain published documents (Rules 43bis.1 and 70.10)

and /or

2. Non-written disclosures (Rules 43bis.1 and 70.9)

see form 210

Form PCTASA/237 (January 2015)

CSPC Exhibit 1111
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2017/053293

SECTION V
1. Cited documents:

D1 MATTEO DALLA CHIESA ET AL: "Sequential chemotherapy with dose-dense docetaxel,
cisplatin, folinic acid and 5-fluorouracil (TCF-dd) followed by combination of oxaliplatin, folinic
acid, 5-fluorouracil and irinotecan (COFFI} in metastatic gastric cancer: results of a phase I trial”,
CANCER CHEMOTHERAPY AND PHARMACOLOGY, SPRINGER, BERLIN, DE,
vol. 67, no. 1, 5 March 2010 (2010-03-05), pages 41-48, ISSN: 1432-0843, DOI: 10.1007/
S00280-010-1281-5

D2 STEFAN PEINERT ET AL: "Safety and efficacy of weekly 5-fluorouracil/ folinic acid/oxaliplatin/
irinotecan in the first-line treatment of gastrointestinal cancer”,
THERAPEUTIC ADVANCES IN MEDICAL ONCOLOGYENGLANDJAN 20186,
vol. 2, no. 3, 1 May 2010 (2010-05-01), pages 161-174, UK
ISSN: 1758-8340, DOI: 10.1177/1758834010365061

D3 Chung-Tzu Hsueh: "Nanovectors for anti-cancer drug delivery in the treatment of advanced
pancreatic adenocarcinoma”, 21 August 2016 (2016-08-21),
Retrieved from the Internet:

URL:https://www.wjgnet.com/1007-9327/full/v22/i31/7080.htm [retrieved on 2018-01-25]

D4 ANDREW KO: "Nanomedicine developments in the treatment of metastatic pancreatic cancer:
focus on nanoliposomal irinotecan”,
INTERNATIONAL JOURNAL OF NANOMEDICINE, 1 March 2016 (2016-03-01), page 1225,
AUCKLAND, NZ, ISSN: 1176-9114, DOI: 10.2147/1JN.S88084

D5 WO 2013/138371 A1
D6 WO 2013/188586 A1
D7 WO 2011/066684 A1
D8 WO 2017/034957 A1
D9 WO 2017/031442 A1
D10 WO 2017/172678 A1

Reference is made to the passages cited in the Search Report.

Form PCT/ISA/237 (Separate Sheet) {Sheet 1} (EPO-April 2005)
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2017/053293

D1 reports on a trial investigating the combination of irinotecan, oxaliplatin, 5-
fluoruracil and leucovorin (COFFI) in metastatic gastric cancer. It appears that
liposomal irinotecan is not disclosed. Administration was once every two weeks.

D2 also reports on a trial on the safety and efficacy of weekly irinotecan, oxaliplatin, 5-
fluoruracil and leucovorin (FUFOXIRI) in gastric cancer. Again, the document does
not refer to liposomal irinotecan.

D3 reports on the usefulness of liposomal irinotecan (nal-irinotecan), 5-fluoruracil and
leucovorin for the treatment of pancreas adenocarcinoma. The document also refers
to a study on adding oxaliplatin to nal-IRI/LV/5-FU as 1-line treatment in metastatic
pancreatic adenocarcinoma (NCT02551991). It appears that gastric cancer is not
mentioned.

D4 in table 1 reports as well on the ongoing trial of nal-irinotecan with 5-fluoruracil,
leucovorin and oxaliplatin in pancreatic adenocarcinoma (NCT02551991).

D5 reports on the usefulness of combination therapies i.a. including folinic acid
(leucovorin), 5-fluorouracil, irinotecan and oxaliplatin (FOLFIRINOX) for the treatment
of various cancers, i.a. pancreatic cancer. It is also disclosed that nanoliposomal
irinotecan, MM-398 is investigated i.a. for gastric cancer.

D6 relates to the co-administration of liposomal irinotecan (MM-398) with 5-fluoruracil
and leucovorin for the treatment of pancreatic cancer. Example 5 relates to phase |
and Il clinical studies of MM-398 in patients suffering from gastric cancer.

D7 relates to liposomes of irinotecan.
for D8 to D10 reference is made to SECTION VI of this report.

2. Novelty (Art.33(2) PCT)

It appears that none of the cited prior art documents discloses the usefulness of
liposomal irinotecan, oxaliplatin, leucovorin and 5-fluoruracil in the defined amounts
for the treatment of gastric cancer. The claimed subject-matter seems therefore novel
in the light of the available prior art.

3. Inventive step (Art. 33(3) PCT)

The usefulness of FOLFIRINOX / FOLFOXIRI/ COFFI (irinotecan + oxaliplatin +
leucovorin + 5-fluoruracil) for the treatment of gastric cancer is known from D1 or D2.

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)

CSPC Exhibit 1111
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2017/053293

The difference of the present application to these known regimes is obviously the use
of liposomal irinotecan instead of the irinotecan.

It is known from the prior art that liposomal irinotecan has improved properties as to
efficacy and toxicity compared to non-liposomal irinotecan (e.g. D3, D4 or D7).
Combinations of leucovorin + 5-fluoruracil with liposomal irinotecan have already
been described as useful for the treatment of pancreatic adenocarcinoma (see e.qg.
D3 or D4); in these documents reference is also made to an 'ongoing’ clinical trial
investigating the further addition of oxaliplatin to this combination, also for the
treatment of pancreatic adenocarcinoma.

Any seen improved effect in the use of liposomal irinotecan instead of irinotecan was
thus expectable.

For the skilled person it would thus have been obvious to at least investigate the
effect of the use of liposomal irinotecan instead of irinotecan.

An inventive step can therefore presently not be acknowledged for the claimed
subject-matter.

4. In rial Applicability (Art. 33(4) PCT)
The patentability can be dependent upon the formulation of the claims.

Patentability, in particular novelty and inventive step, of claims 1-27 has been
assessed on the basis of a purpose-limited product claim taking into account the
alleged effects of the compounds used in combination.

SECTION VI

5. D8 to D10 were published after the priority date but before the filing date of the
present application:

D8 discloses combinations of liposomal irinotecan, oxaliplatin, leucovorin and 5-
fluorouracil in treating metastatic adenocarcinoma of the pancreas in a human patient.

D9 relates to liposomal irinotecan, also in combination with 5-fluoruracil and
leucovorin. The usefulness for the treatment of gastric cancer is disclosed.

D10 discloses the usefulness of a combination of liposomal irinotecan, 5-fluoruracil
and leucovorin for the treatment of colorectal cancer. Liposomal irinotecan was also
investigated in gastric cancer.

Form PCT/ISA/237 (Separate Sheet) {Sheet 3} (EPO-April 2005)
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To: . '
LISA A. HAILE P C T
DLA PIPER RUDNICK GRAY CARY US LLP
4365 EXECUTIVE DRIVE, SUITE 1100 NOTIFICATION OF TRANSMITTAL OF
SAN DIEGO, CA 92121-2133 PATENT DOCKH TING THE INTERNATIONAL SEARCH REPORT
OR THE DECLARATION
AUG 2 2 2005 (PCT Raule 44.1)
Date of Mailing
DLA PIPER (day/monlh/year) |1 8 AUG zm
Applicant’s or agent’s file reference
HERM1130WO RECE!|VY ﬁn&mmn ACTION See paragraphs 1 and 4 below
International application No. AUG 2 2 {PURernational filing date
PCT/US05/15349 : (day/month/year)
02 May 2005 (02.05.2005)

Applicant
HERMES BIOSCIENCES, INC.

1. & The applicant is hereby notified that the international search report has been established and is transmitted herewith,

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the
international search report.

Where? Directly to the International Bureau of WIPO, 34, chemin des Colombettes
1211 Geneva 20, Switzerland, Facsimile No.: (41-22) 740.14.35

For more detailed tnstructions, see the notes on the accompanying sheet.

2. D The applicant is hereby notified that no intemational search report will be established and that the declaration under
Article 17(2)(a) to that effect is transmitted herewith.

3. D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notifted that:
[:I the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.
no decision has been made yet on the protest; the applicant will be notified as soon as-a decision is made.

4. Reminde;

Shortly 4. s months from the priority date, the international application will be published by the International Bureau. If the

applican? (95, to avoid or postpone publication, a notice of withdrawal of the international application, or of the priority claim, must
reach the #* “iational Bureau as provided in Rules 90 bis.1 and 90 bis.3, respectively, before the completion of the technical
preparatiof> . international publication.

" Within 19 menths from the priority date, but only in respect of some designated Offices, a demand for intemational preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority date (in
some Offices even later); otherwise the applicant must, within 20 months from the priority date, perform the prescribed acts for entry
into the national phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19 months.

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant’s Guide,
Volume I, National Chapters and the WIPO Intemet site.

Name and mailing address of the ISA/US Anthorized officer
Mail Stop PCT, Atin: ISA/ US Wﬂ: “‘%
PhLD

Commissioncr for Patents Gollamudi S. Kishore,
P.O. Box 1450 s
.. Aloxandria, Virginia 22313-1450 ) Telephone No. 703 308 1234
Facsimile No. (703) 305-3230 .
Form PC'T/ISA/220 (April 2002) ¢

-
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To:

LISA A. HAILE | PCT

DLA PIPER RUDNICK GRAY CARY US LLP

4365 EXECUTIVE DRIVE, SUITE 1100 NOTIFICATION OF TRANSMITTAL OF
SAN DIEGO, CA 92121-2133 THE INTERNATIONAL SEARCH REPORT
OR THE DECLARATION

(PCT Rule 44.1)

Date of Mailing - )
® Ciamonirns) 78 PUG 200
Applicant’s or agent’s file reference '
o HERM1130WO FOR FURTHER ACTION See paragraphs 1 and 4 below
International application No. International filing date
PCT/US05/15349 : (day/month/year)
02 May 2005 (02.05.2005)
Applicant
HERMES BIOSCIENCES, INC.
1. m The applicant is hereby notified that the international search report has been established and is transmitted herewith.

2.

3.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the intemational application (see Rule 46):

When? The time limit for filing such amendments is normally two months from the date of transmittal of the
international search report.

Where? Directly to the International Bureau of WIPO, 34, chemin des Colombeties
1211 Geneva 20, Swiizerland, Facsimile No.: (41-22) 740.14.35

For more detailed instructions, see the notes on the accompanying, sheet.

D The applicant is hereby notified that no international search report will be established and that the declaration under
Article 17(2)(a) to that effect is transmitted herewith.

D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.

no decision has been made yet on the protest; the applicant will be notified as soon as-a decision is made.

Reminders

Shortly after 18 months from the priority date, the international application will be published by the International Bureau. If the
applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the priority claim, must
reach the International Bureau as provided in Rules 90 bis.1 and 90 bis.3, respectively, before the completion of the technical
preparations for international publication. ’

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
cxamination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority date (in
some Offices even later); otherwise the applicant must, within 20 months from the priority date, perform the prescribed acts for entry
into the national phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19 months.

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCT Applicant’s Guide,
Volume II, National Chapters and the WIPO Internet site.

Facsimile No. (703) 305-3230

Name and mailing address of the ISA/US Anthorized officer 0& Az
Mail Stop PCT, Attn: ISA/ US W'/ %

Commissioner for Patents Gollamudi S. Kishore, Ph.D
P.O. Box 1450
Alexandria, Virginia 22313-1450 | Telephone No. 703 308 1234

Form PCT/ISA/220 (April 2002) ¢
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‘ PATENT COOPERATION TREATY,

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent’s file reference FOR FURTHER see Notification of Tranemittal of International Search Report
PCTASAR220 1 here applicable, item $

HERM1130WO ACTION ge’i’:": ) a8 well as, where applicable, i

International application No. International filing date (day/month/year) (EBarliest) Priority Date (day/month/year)

PCT/US05/15349 02 May 2005 (02.05.2005) 03 May 2004 (03.05.2004)

Applicant

HERMES BIOSCIENCES, INC.

This international search report has been prepared by this International Searching Authority and is transmitted to the
applicant according to Article 18. A copy is bein smitted to the International Bureau.

This international search report consists of a total of PCT/US05/15349PCT/US05/15349 & It is also accompanied
by a copy of each prior art document cited in this report. '

1. Basis of the Report
a. With regard to the language, the international search was carried out on the basis of the international application in the
language in which it was filed, unless otherwise indicated under this item.

the international search was carried out on the basis of a translation of the international application furnished to this
Authority (Rule 23.1(b)).
b. With regard to any nucleotide and/or amino acid sequence disclosed in the intemnational application, the international
search was carried out on the basis of the sequence listing:

contained in the international application in written form.

filed together with the international application in computer readable form.

furnished subsequently to this Authority in written form.

furnished subsequently to this Authority in computer readable form. -

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the
international application as filed bas been furnished.

the statement that the information recorded in computer readable form is identical to the written sequence listing has
been furnished.

Certain claims were found unsearchable (See Box I).

Unity of invention is lacking (See Box I).
4.  With regard to the title,

& the text is approved as submitted by the applicant.
the text has been established by this Authority to read as follows:

X O Oodo

O

5. With regard to the abstract,
the text is approved as submitted by the applicant.
D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box HI. . The applicant may,
within one month from the date of mailing of this international search report, submit comments to this Authority.
6.  The figure of the drawings to be published with the abstract is Figure No. _____ .
as suggested by the applicant: - g None of the figures
because the applicant failed to suggest a figure.
D because this figure better characterizes the invention.

Form PCT/ISA/210 (first sheet) (July 1998)
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INTERNATIONAL SEARCH REPORT !E: M:Eat@\@PY
PCT/US05/15349

Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet)

This international report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claim Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claim Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. & Claim Nos.: 23-39,54-56,63-78,92-142 and 156-159
- becausethey are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

BoxII Observations where unity of invention is lacking (Continuation of Item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite
payment of any additional fee.

As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. I:] No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.
[:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet(1)) (July 1998)
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INTERNATIONAL SEARCH REPORT

PCT/US05/15349

A.  CLASSIFICATION OF SUBJECT MATTER
PC(7) AG1K 9/127
USCL 424/450

B. FIELDS SEARCHED

According to International Patent Classification (TPC) or to both national classification and IPC

U.S. : 424/450

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Please See Continuation Sheet

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 5,785,987 A (HOPE et al) 28 July 1998 (28.07.1998) col. 4, line 50 through col. 5, line
- 36, col. 9, line 26 through col. 14, line 60 and Examples.

Y ——
8, 13-22, 43-53, 149-
152 and 154-155
X US 6,110,491 A (KIRPOTIN) 29 Angust 2000 (29.08.2000) col. 6, line 18 and Examples. 40-42 and 58-62
Y 1-22, 43-51, 57, 7991

1-7, 9-12, 40-42, 57-
62, 143-148 and 153

and 149-152

I:___l Further documents are listed in the continuation of Box C.

D See patent family annex

. . Special ies of cited d

P ()

“A"  document defming the general state of the art which s not considered to be of
particn lar relevance

“E”  carlier application or pateat published on ar after the international filing date

“L”  document which may throw doubts on prierity claim(s) or which iscited to
establish the publication date of another citation or other special reason (as
specified)

“0O"  document referring to an oral disclosure, use, ¢xhibition or other means

“P"  document published prior to the intemational filing date but Later than the
priarity date claimed

“ later docwrnent published after the intemational filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

“x document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“ document of particular relevance; the claimed invention cannot be
considered to involve an mventive step when the document is combined
with one or more other such documents, such combimation being
obvious to a person skilled in the art

“&” docament member of the sare patent family

Date of the actual completion of the international search

27 July 2005 (27.07.2005)

Date of mailing of the mternat\on

Auth zeTgﬂ'B AUG 2005

Name and mailing address of the I[SA/US
Mail Stop PCT, Attn: [ISA/US
Counrissioner of Patents

P.O. Box 1450
Alexandria, Virginia 22313-1450

Facsimile No. (703) 305-3230

a4
Gollamudi S. Kishore, Ph.D

Telephone No. 703 308 1234

Form PCT/ISA/210 (second sheet) (July 1998)
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INTERNATIONAL SEARCH REPORT pemetond Fm C@PY

Continuation of B. FIELDS SEARCHED Item 3:
West:
Search terms: liposome, triethylammonium salt, trimethylammonium salt, ammonium salt

Form PCT/ISA/210 (second sheet) (July 1998)
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PATENT COOPERATION TREATY
From the .
'INTERNATIONAL SEARCHING AUTHORITY ]F]DIJ

TI:.(l)éAA. HAILE PCT

DLA PIPER RUDNICK GRAY CARY USLLP

4365 EXECUTIVE DRIVE, SUITE 1100
SAN DIEGO, CA 92121-2133 WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

(PCT Raule 43bis.1)

Camomes 18 AUG 2008,

" Applicant’s or agent’s file reference FOR FURTHER A€TION
. See paragraph 2 below
HERM1130WO
International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/US05/15349 02 May 2005 (02.05.2005) 03 May 2004 (03.05.2004)

International Patent Classification (IPC) or both national classification and IPC
IPC(7): A61K 9/127 and US CL: 424/450

Applicant
HERMES BIOSCIENCES, INC.

1. This opinion contains indications relating to the following items:

BoxNo. I Basis of the opinion

Box No. Il Priority

Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
BoxNo. IV Lack of unity of invention

BoxNo. V Reasoned statement under Rule 43bis.1(a)(i) with fega:d to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited

00 XOXOX

Box No. VII Certain defects in the international application

D BoxNo. VIII  Certain observations on the international application

2. FURTHER ACTION

if a demand for imernational preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an
Authority other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b)
that written opinions of this Intematlonal Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

3. For further details, see notes to Form PCT/ISA/220.

Name and mailing address of the ISA/ US Authorized officer
Mail Stop PCT, Attn: ISA/US L
Commissioner for Patents Gollamudi S. Kishore, Ph.D W J
P.O. Box‘14SQ o
_ ., Aloxandia, Virginia 22313-1450 Telephone No. 703 308 1234
Facsimile No. (703) 305-3230

Formm PCT/ISA/237 (cover sheet) (January 2004)
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International licati
WRITTEN OPINION OF THE o _;ji jf"jg COPY
INTERNATIONAL SEARCHING AUTHORITY PCT/US05/15349

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of the international application in the language in which it
was filed, unless otherwise indicated under this item.

E] This opinion has been established on the basis of a translation from the original language into the following language s
which is the language of a translation furnished for the purposes of international search (under Rules 12.3 and 23.1(b)).

2. With regard to any nucleotide and/or aminoe acid sequence disclosed in the internationat application and necessary to the claimed
invention, this opinion has been established on the basis of:

8. type of material
‘ . D a sequence listing

D table(s) related to the sequence listing

b. format of material
E] in written format

D in computer readable form

c. time of filing/furnishing

D contained in international application as filed.
D filed together with the international application in computer readable form:

D fumnished subsequently to this Authority for the purposes of scarch.

3. D In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto has been filed
. or furnished, the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

4. Additional comments:

Form PCT/ISA/237(Box No. I) (January 2004)
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International lication
 WRITTEN OPINION OF THE IE C@P Y
INTERNATIONAL SEARCHING AUTHORITY PCT/US05/15349

Box No. IIT Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), or to be
industrially applicable have not been examined in respect of:
I:] the entire international application

& claims Nos. 23-39,54-56,63-78,92-142 and 156-159

because:

D the said international application, or the said claim Nos. relate to the following subject matter which does not require
an international preliminary examination (specify):

& the description, claims or drawings (indicate particular elements below) or said claims Nos. 23-39,54-56,63-78 92-142 and
156-159 are so unclear that no meaningful opinion could be formed (specify):

Said claims do not conformto PCT Article 6.4 (a) since these are multiple dependent claims dependent on multiple
dependent claims. .

the claims, or said claims Nos. are so inadequately suppérted by the description that no meaningful opinion could be
formed. '

no international search report has been established for said claims Nos.

Hin

the nucleotide and/or amino acid sequence listing does not comply with the standard provided for in Annex C of the
Administrative Instructions in that:

the written form I:] has not been furnished
l:] does not comply with the standard
the computer readable form I:] has not been furnished

I:] does not comply with the standard

I:] the tables related to the nucleotide and/or amino acid sequence listing, if in computer readable form only, do not comply with
the technical requirements provided for in Annex C-bis of the Administrative Instructions.

D See Supplemental Box for further details.

Form PCT/ISA/237 (Box No. IIT) (January 2004)
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WRITTEN OPINION OF THE . International appljcation TE
INTERNATIONAL SEARCHING AUTHORITY PCT/USOS/153 E COPY

Box No. V Reasoned statement under Rule 43 bis.1(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement
Novelty (N) Claims 8, 13-22, 43-56. 79-91, 149-154 YES
Claims 1-7,9-12, 40-42, 57-62, 143-148 and 155 NO
Inventive step (IS) Claims NONE __YES
Claims 1-22, 40-53, 57-62, 79-91 and 143-155 NO
Industrial applicability (IA) Claims 1-22, 40-53, 57-62, 79-91 and 143-155 YES
Claims NONE NO

2. Citations and explanations:

Please See Continuation Sheet

Form PCT/ISA/237 (Box No. V) (January 2004)
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WRITTEN OPINION OF THE %%gMEOC@PY

INTERNATIONAL SEARCHING AUTHORITY

Supplemental Box
In cage the space in any of the preceding boxes is not suffictent.

V. 2. Citations and Explanations:
Claims 1-7, 9-12, 40-42, 57-62, 143-148 and 153 lack novelty under PCT Article 33(2) as being anticipated by HOPE et al (US
5,785,987).

HOPE et al disclose a method of loading liposomes with a variety of active agents such as anti-cancer agents and antibioitics
using methylammonium and ethylene diammonium salts. The gradient is pH gradient. The concentration of the methylammonium salt
which is encapsulated varies flom 50 mM to 1M. After loading, the the ammonium salt is removed from the external medium (abstract,
col. 4, line 50 through col. 5, line 36, col. 9, line 26 through col. 14, line 60, Examples). Instant method of preparation claim recites ‘pre-
entity' and ‘'entity’ without reciting specific compounds. Since the compound loaded in HOPE et al is a protonatable compound and once
it enters the interior of the liposome and protonated differs from the loaded compound the unprotonated compound and protonated
compound are deemed to be pre-entity and entity respectively.

Claims 40-42 and 58-62 lack novelty under PCT Article 33(2) as being anticipated by KIRPOTIN et al.

KIRPOTIN discloses liposomal compositions containing anti-neoplastic agents in the claimed ratios. The anti-neoplastic agents
taught are vincristine, vinblastine and vinorelbine (col. 6, line 18 and Examples). The burden is upon applicant to show that 24 hours
after the administration, the liposomes of KIRPOTIN do not retain instant amounts of the active compounds.

Claims 43-47, 52-53, 143-155 lack an inventive step under PCT Article 33(3) as being obvious over HOPE et al (US 5,785,987).

The teachings of HOPE et al have been discussed above. What is lacking in HOPE et al is the teaching of the use of prodrug.
However, since the principle of loading is the same, it would have been obvious to one of ordinary skill in the art to load any drug
including prodrugs with a reasonable expectation of success.

Claims 43-51, 57 and 79-91 lack an inventive step under PCT Article 33(3) as being obvious over KIRPOTIN (US 6,110,491).

The teachings of KIRPOTIN have been discussed above. what is lacking in KIRPOTIN is the teaching of the use of a prodrug.
However, since the principle of loading is the same, it would have been obvious to one of ordinary skill in the art to load any drug
including prodrugs with a reasonable expectation of success. Although KIRPOTIN's studies do not include rat model, in the absence of
showing the criticality, it is deemed obvious to one of ordinary skill in the art to use any mammal with the expectation of obtaining at
least similar results. KIRPOTIN does not express the lecithin and cholesterol in molar amounts. Assuming that they are different, it is
deemed obvious to one of ordinary skill in the art to vary the amounts of the lipids to obtain the best possible results.

Claims 1-22, 48-51, 149-152 lack an inventive step under PCT Article 33(3) as being obvious over HOPE et al (US 5,785,987) in view
of KIRPOTIN (US 6,110,491).

As pointed out above, HOPE et al disclose a method of loading liposomes with a variety of active agents such as anti-cancer
agents and antibioitics using methylammonium and ethylene diammonium salts. What is lacking in HOPE et al is the encapsulation of
anion such as a polyol with a anionic functional group such as sulfate groups.

KIRPOTIN while disclosing a method of loading of ionizable active agents using ammonium gradients teaches that ther presence
of acidic compounds such as polysaccharide sulfate (chondmmn sulfate, hepa.rm etc) increases the concentration of encapsulated
compound by several fold. The loadable compounds include ionic taxanes, vinca derivatives and others (abstract, col. 5, line 9 thmugh
col 7, line 29, col 8, lines 45 50, and Examples)

Form PCT/ISA./237 (Supp]emental Box) (January 2004)
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WRITTEN OPINION OF THE %TC%EEQME’OCQPY

INTERNATIONAL SEARCHING AUTHORITY

Supplemental Box
In case the space in any of the preceding boxes is not sufficient,

obvious to one of ordinary skill in the art since KIRPOTIN teaches that these anions increase the amount of the loaded compound in the
liposomes. The use of taxanes as the active agents with a reasonable expectation of success would have been obvious to one of ordinary
skill in the art since KIRPOTIN teaches that taxanes can be loaded using the gradient method disclosed.

Claims 1-22, 40-53, 57-62, 79-91 and 143-155 meet the criteria set out in PCT Article 33(4), and thus meet industrial applicability
because the subject matter claimed can be made or used in industry.

Form PCT/ISA/237 (Supplemental Box) (January 2004)
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NOTESTOFORMPCT/1SA/220

These Notes are intended to give the basic instructions concerning the filing of amendments under Article {9. The
Notes are bas*d on the requirements of the Patent Cooperation Treaty. the Regulations and the Administrative
Instructions under tha: Treary. iIn case of discrepancy between these Notes and those sequirements. the latter are
applicable. For more detailed information. see also the PCT Applicant’s Guide, a publication of WIPO.

In these Notes, “Article.” “*Rule" and “Section™ refer to the provisions of the PCT. the PCT Regulations and the PCT
Administrative Instructions. respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has. after having received the intemational search report, one opportunity to amend the claims of the
intemational agplication. It should however be emphasized that. since all parts of the intemational application {(claims.
description and drawings) may be amended during the intemnational preiiminary examination procedure, there is usually
no need to file .mendments of the claims under Articie 19 except where. =.g. the applicant wants the latter to be published
for the purposes of provisional protection or has another reason for amending the claims before international publication.
Furthermore. it should be emphasized that provisional protection is avzilable in some States only.

What parts of the international application may be amended ?
Under Article 19, only the claims may be amended
During the international phasc, the claims may also be amenced vor further amended) under Article 34 before

the Intemational Preliminary Examining Authority. The dzscription and drawings may only be amended
under Article 34 before the International Prcliminary Examining Authority.

Upon entry into the national phase, all parts of the internatiozz! application may be amended under Article 28

or, where applicable, Article 4.

Witain 2 months from the date of transmittal of the intemationai- search report.or 16 months from the priority
date, whichever time limit expires later. It should be noted. Lowever, that the amendments will be considered
as having been received on time if they are received by the International Bureau after the expiration of the
applicable time limit but before the completion of the technical preparations for international publication

(Rule 46.1).

When ?

Where not to %le the amendments 7
The amendments may only be filed with the Intcrnational Bureau and not with the receiving Office or the
International Scarching Authoritv (Rule 46.2).

Wtere a demand for international preliminary examination has beer/is filed, see below.

How 7 Either by cancelling one or more entire claims. ' sdding one ar more new claims or bv amending the 1ext of
one ar more of the claims as filed

A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or
amendments, differs from the sheet onginally filed.

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a claim is
can:elled, no renumbering of the other claims is required. In 2ll cases where claims are renumbered, they must
be renumbered consecutively (Administrative [nstructions. Section 205(b)).

The amendments must be made in the language in which the international application is to be published.

What documeats must/may accompany the amendments ?

Letter (Sectjon 205(b)):

The amendments must be submitted with a lencr.. .

The letter will not be published with the intemational application and the amended claims. It should not be
confused with the “Statement under Anticle 19(1)” (sce below. under “Statement under Article 19(1)").

The letter must be in English or French, at the choice of the applicant. However, if the language of the
international application is English, the letter must be in English; if the language of the international
anlication is French, the letter must be in Frencl).

Notes to Forrh PCTASA/220 (first sheet) tuly 1998: repring April 2002) CSPC Exhibit 1111
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NOTES TG FORM PCT/1SA/220 (continued)

The letter must indicate the differences between the clams as filed and the claims as amended. It must, in
particular. indicate_ in connection with each claim appearing in the international application (it being vaderstood
that identical indications conceming several claims may be grouped). whether

(i) the claim is unchanged:
(iiy the claim is cancelled;
(iii)  the claim is new:
tiv) the claim reptaces one or more claims as flled;
(v) the claim is the result of the division of a claim as filed.

The following examples illustrate the manner in which ameadments must be explained in the accampanying

letter:

[Where onginally there were 48 claims and after amendment of some claims there are 51):

“Claims | 10 29, 31. 32, 34, 35. 37 to 48 replaced by amended claims bearing the same numbers;

claims 30. 33 2nd 36 unchanged. new claims 49 to 51 added.™

[Where originzlly there were 15 claims and after amendment of all claims there are [1]:

“Claims | to | 5 replaced by amended claims | to 11.”

{Where onginally there were 14 claims and the amendments consist in cancelhng some claims and -in
adding new claims}):

“Claims 1 t0 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added.” or

“Claims 7 1o |3 cancelled: new cfaims 15, 16 and |7 addied; all other claims unchanged.”

[Where vanious kinds of amendments are made]:
“Claims 1-10 unchanged; claims 1 to 13. 18 and 19 cancelled: claims 14, 15 and 16 replacedby amended

claim {7 subdivided into amended claims 15. 16 and 17; new claims 20 and 21 added.™

12

ad

4

claim (4;
~Statement under Article l9(l)" (Rule 46.4)
The amendments cnay be accompanied by a statement explaining the amendments and indicating any impact
that such amendments might have on the description and the drawings (which cannot be amended under

Article 19(1)).
The statement will be published with the international application and the amended claims.
It must be in the kanguage in which the international application is té be published.

{r must be brief. mot exceeding 500 words if in English or if @anslated into English.

It should not be confused with and does not replace the letier indicating the differences between the claims
as filed and as amnended. It must be filed on a separate sheet and must be identified as such by a headmg.
preferably by usimg the words “Statement under Article 19(1).”

lt may not contain any disparaging comments on the intemaztional search report or the relevance of citations
contained in that repont. Reference tfo citations. relevant (o a given claim, contained in the international search
report may be made only in connection with an amendment of that claim.

Consequence if 2 demand (or international preliminary examination has already been filed

If. at the time of filing any amendmenis and any accompanying statement, under Article 19, a demand for
intemational preli=ninary examination has already been subrmuatted. the applicant must preferably, at the time of
filing. the amend:-nents (and any statement) with the International Bureau, also file with the Intenational
Preliminary Examuning Authority a copy of such amendmenis (and of any statement) and, where required, a
ranslation of such amendments for the procedure before that Authority (see Rules 55. 3(3*) and 62.2, l'lrsl
sentence). For fierther information. see the Notes 10 the demmand form (PCT/IPEA/401).

Consequence with regard te translation of the international application for entry into the national phase

The applicant's amention is drawn to the fact that, upon entry into the national phase, a translation of the
claims as amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or

in addition to. the translation of the claims as filed.
For further detaiis on the requirements of. each designated-elected Office. see the PCT Applicant’'s Guide,

Valume 1L
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter I of the Patent Cooperation Treaty)

(PCT Rule 44bis)

Applicant’s or agent’s file reference FOR FURTHER ACTION See item 4 below
239669-389731

International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/US2016/027515 14 April 2016 (14.04.2016) 14 April 2015 (14.04.2015)

International Patent Classification (8th edition unless older edition indicated)
See relevant information in Form PCT/ISA/237

Applicant
IPSEN BIOPHARM LTD.

1.  This international preliminary report on patentability (Chapter I) is issued by the International Bureau on behalf of the
International Searching Authority under Rule 44 bis.1(a).
2. This REPORT consists of a total of 8 sheets, including this cover sheet.

In the attached sheets, any reference to the written opinion of the International Searching Authority should be read as a
reference to the international preliminary report on patentability (Chapter I) instead.

3. This report contains indications relating to the following items:

}I{ Box No. I Basis of the report

|:| Box No. II Priority

|:| Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

|:| Box No. IV Lack of unity of invention

}I{ Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or

industrial applicability; citations and explanations supporting such statement

}I{ Box No. VI Certain documents cited
|:| Box No. VII Certain defects in the international application
g Box No. VIII Certain observations on the international application

4.  The International Bureau will communicate this report to designated Offices in accordance with Rules 44bis.3(c) and 93bis.1
but not, except where the applicant makes an express request under Article 23(2), before the expiration of 30 months from
the priority date (Rule 44bis .2).

Date of issuance of this report
17 October 2017 (17.10.2017)

The International Bureau of WIPO Authorized officer

34, chemin des Colombettes

1211 Geneva 20, Switzerland Agnés Wittmann_RegiS

Facsimile No. +41 22 338 82 70 e-mail: pct.team6@wipo.int

Form PCT/IB/373 (January 2004) CSPC hib
PC Exhibit 1111
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

see form PCTASA220

Date of mailing
(day/monthirear) see form PCTASA2210 (second sheet)

Applicant's or agent's file reference

see form PCTASA/220

FOR FURTHER ACTION
See paragraph 2 below

international application No.

PCTAUS2016/027515

International filing date (day/monthiear)
14.04.2016

Priority date (day/monthiear)
14.04.2015

International Patent Classification (IPC) or both national classification and IPC

INV. A61K9/00 A61K39/395 A61K31/4745 A61K31513 A61K31519 A61K45/06 A61P35/00 A61P3502

Applicant
MERRIMACK PHARMACEUTICALS, INC.

1.  This opinion contains indications relating to the following items:

X1 Box No. | Basis of the opinion

0 Box No. Il Priority

I Box No. i Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

1 Box No. IV Lack of unity of invention

X Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial
applicability; citations and explanations supporting such statement

I Box No. VI  Certain documents cited

[0 Box No. VIl Certain defects in the international application

B4 Box No. Vil Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Form PCTASA/2220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA/220.

Name and mailing address of the ISA:

) European Patent Office

9 P.B. 5818 Patentlaan 2

— =¥  NL-2280 HV Rijswijk - Pays Bas
Tel. +31 70 340 - 2040
Fax: +31 70 340 - 3016

Date of completion of
this opinion

see form
PCTASA210

Authorized Officer

s Psre..,%’
S .

& %
Taylor, Mark ‘p g» F

Telephone No. +31 70 340-0
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2016/027515

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

D
O

the international application in the language in which it was filed.

a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing:

a. O forming part of the international application as filed:
[ in the form of an Annex C/ST.25 text file.

[J on paper or in the form of an image file.

b. O furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of
international search only in the form of an Annex C/ST.25 text file.

c. [ furnished subsequent to the international filing date for the purposes of international search only:
O in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

O on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section
713).

In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
furnished.

5. Additional comments:

CSPC Exhibit 1111
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2016/027515

Box No.V Reasoned statement under Rule 43 bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-62
No: Claims

Inventive step (1S) Yes: Claims
No: Claims 1-62
Industrial applicability (1A) Yes: Claims 1-62

No: Claims

2. Citations and explanations

see separate sheet

Box No. VI Certain documents cited

1. Certain published documents (Rules 43bis.1 and 70.10)
and /or
2. Non-written disclosures (Rules 43bis.1 and 70.9)

see form 210

Box No. VIll Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

CSPC Exhibit 1111
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2016/027515

Cited Prior Art
D1 Cancer Medicine 2016, 5(4), 676 D4 WO 2013/188586

D2 The Oncologist 2012, 17(12), 1486 D5 WO 2004/093795

D3 J Cancer Ther. 2011, 2(4), 470

Section V

1 Claims 1, 3-25 and 35-62 relate to subject-matter considered by this Authority
to be covered by the provisions of Rule 39.1(iv) / 67.1(iv) PCT. Patentability of
such claims can be dependent upon the formulation of the claims. The EPO,
for example, does not recognise as patentable claims to the use of a
compound in medical treatment, but may allow claims to a product, in
particular substances or compositions for use in a first or further medical
treatment.

The patentability of claims 1, 3-25 and 35-62, in particular novelty and
inventive step, has thus been assessed on the basis of a purpose-limited
product claim taking into account the alleged effects of the compound/
composition.

2 Claims 2-6, 25 and 35 lack novelty a priori (Art. 33(2) PCT).

The wording of claim 2 does not include any medical indication and thus
seeks protection for a sustained release injectable form of a drug which is
suitable for use in combination with a second amount of the drug in an
immediate release form. Sustained release formulations of drugs were already
known at the date of filing, e.g. liposomal irinotecan (cf. paragraph [0008] of
the application) which were suitable for use with a second amount of the drug
in an immediate release form.

Thus claim 2, and its dependent claims 3-6, 25 and 35, lack novelty within the
meaning of Art. 33(2) PCT.

3 The subject-matter of claims 1, 7-25, 26-34 and 36-62 would appear to meet
the requirements of Art. 33(2) PCT. However, attention is drawn to the
disclosures of D1 which may become relevant for the question of novelty
should the application not be entitled to its claimed priority.

4 The subject-matter of claims 1-62 does not meet the requirements of Art. 33
(2) PCT.

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2016/027515

4.1

4.2
4.3

4.4

4.5

4.6

4.7

Not being novel, the subject-matter of claims 2-6, 25 and 35 cannot be seen
as being inventive.

The subject-matter of claims 1, 7-25, 26-34 and 36-62 lacks an inventive step.

The problem to be solved in the present application is the provision of
compositions (as well as formulations and kits) for use in the treatment of
cancer, especially colorectal cancer, which treatment results in an improved
therapy, particularly in the case of colorectal cancers which are resistant to
current therapeutic modalities (cf. paragraph [0002]). In particular, 'improved’
therapeutic index, pharmacokinetics or synergy are sought (cf. paragraph
[0003]).

The solution provided in the application lies in the combination of a delayed-
release formulation of a drug, especially liposomal Irinotecan, and a free form
(i.e. having no delayed release profile) of the same drug, especially free
irinotecan (cf. claims 1, 3, 7, 18, 34, 36 and 43). Further anti-cancer agents,
Leucovorin, 5-FU and Bevacizumab may also be included (cf. claim 26).

The closest prior art document may be considered to be any of D2-D5.

These documents disclose combinations of delayed-release Irinotecan,
Leucovorin and 5-FU (and optionally Bevacizumab) for use in the treatment of
colorectal cancer. Indeed, the present applicants acknowledge in D1 that, 'The
FOLFIRI regimen, combination of irinotecan with leucovorin (LV) and 5-
fluorouracil (56-FU; LV/5-FU) is a standard regimen in first-line or second-line
therapy of metastatic colorectal cancer (mCRC)'.

The difference between the teachings of the closest prior art and the present
application lie in the inclusion of a delayed release form of the drug, e.g.
liposomal Irinotecan (MM3-98) in addition to the immediate release form of the
same drug.

However, the application does not demonstrate any technical effect resulting
from the combination of immediate- and delayed-release forms of the same
drug. Example 1 discloses pre-clinical pharmacokinetics of MM-398 in murine
models of colorectal cancer. Example 2 is a description of a, 'Phase I study of
MM-398 plus irinotecan in unresectable advanced cancer, i.e. a trial proposed
to investigate the theory that the combination of immediate- and delayed-
release forms of irinotecan has advantageous effects and solves the technical
problem posed in the application. Examples of the prophetic nature of this part
of the application lie, for example, at: [0151] - 'This study will enroll ..."; and
[0280] - 'The Investigator will attempt ...".

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2016/027515

First, this would therefore appear to represent a scientific theory proposed to
investigate the theory that the combination of immediate- and delayed-release
forms of Irinotecan solve the technical problem posed in the application.
Scientific theories are excluded from patentability in many jurisdiction.

Secondly, Example 2 does not demonstrate that the underlying technical
problem has been solved, nor does it show make any comparison with the
closest prior art, viz. the FOLFIRI regimen.

Thirdly, even if the results of this test were to demonstrate an advantageous
or unexpected effect when compared to the FOLFIRI regimen, the use of a
combination of immediate- and delayed-release forms of Irinotecan in
unresectable advanced colorectal cancer does not justify the scope of
protection sought, i.e. the combination of immediate- and delayed-release
forms of any drug in the treatment of any cancer. Indeed, at a number of
junctures, the application mentions synergy and an improvement of synergy.
However, in order for a synergistic effect to be seen as credible proof of an
inventive step, it must be demonstrated to be present over the whole scope of
subject-matter for which protection is sought.

In view of the foregoing, the application lacks an inventive step (Art. 33(3)

PCT).
Section VI
5 D1 cited under Rules 64.3 and 70.10 PCT.
Section Vi
6 The claims do not meet the requirements of Art. 6 PCT.
6.1 Claims 1 and 2 mention injectable dosage forms whereas later claims (e.g.

claim 7) do not. The subject-matter of the claims is therefore unclear as to
whether this is an essential technical feature or not. Moreover, objections as
to a lack of unity of invention may arise during the Regional/National phase(s).

6.2 There are too many independent claims and some of these could be made
dependent upon other claims (Rule 6.4 PCT). For example, claim 18 could be
made dependent upon earlier claims.

6.3 The subject-matter of claims 35, 36, 42 and 43 is unclear in view of the
expression, 'improving'. This expression is vague and indefinite, and does not
provide any indication of a baseline relative to which treatment might be seen
to be improved, nor is any indication provided of how this should be
measured.

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005)
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2016/027515

6.4 The subject-matter of claims 49, 50 and 53 is unclear in view of the
expressions, 'analogs' and 'derivatives'. This expression is vague and
indefinite and does not allow the skilled person to determine the scope of
protection sought.

6.5 Claims 35, 36, 42 and 43 do not meet the requirements of Art. 6 PCT because
the matter for which protection is sought is not clearly defined. These claims
attempt to define the subject-matter in terms of the result to be achieved,
which merely amounts to a statement of the underlying problem (cf. [0003])),
without providing the technical features necessary for achieving this result.

Form PCT/ISA/237 (Separate Sheet) (Sheet 4) (EPO-April 2005)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent’s file reference FOR FURTHER see Form PCT/ISA/220
239669-389731 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date {day/month/year)
PCT/US2016/027515 14 April 2016 (14-04-2016) 14 April 2015 (14-04-2015)
Applicant

MERRIMACK PHARMACEUTICALS, INC.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

4

This international search report consists of a total of sheets.

It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed

|:| atransiation of the international application into , which is the language
of a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. |:| This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

c. |:| With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. 1.
2. |:| Certain claims were found unsearchable (See Box No. I}
3. [[] unity of invention is lacking (see Box No Iii)

4.  With regard to the title,
EI the text is approved as submitted by the applicant
the text has been established by this Authority to read as follows:

COMPOSITIONS FOR IMPROVING THE PHARMACOKINETICS AND THERAPEUTIC INDEX OF CANCER TREATMENT

5. With regard to the abstract,
the text is approved as submitted by the applicant

|:| the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No.
‘:I as suggested by the applicant
EI as selected by this Authority, because the applicant failed to suggest a figure
|:| as selected by this Authority, because this figure better characterizes the invention
b. none of the figures is to be published with the abstract

Form PCT/ISA/210 (first sheet) (January 2015) CSPC Exhibit 1111
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/027515
A. CLASSIFICATION OF SUBJECT MATTER
INV. A61K9,/00 A61K39/395  A61K31/4745 AG61K31/513  A61K31/519
A61K45/06 A61P35/00 A61P35/02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, CHEM ABS Data, EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X,P BENOIST CHIBAUDEL ET AL:

colorectal cancer",
CANCER MEDICINE,
vol. 5, no. 4,

676-683, XP055280612,
GB

the whole document

"PEPCOL: a
GERCOR randomized phase II study of
nanoliposomal irinotecan PEPO2 (MM-398) or
irinotecan with leucovorin/5-fluorouracil
as second-line therapy in metastatic

24 January 2016 (2016-01-24), pages

ISSN: 2045-7634, DOI: 10.1002/cam4.635

1-62

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) orwhich is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

“P" document published prior to the international filing date but iater than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

20 June 2016

Date of mailing of the intemational search report

27/06/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Taylor, Mark

2l
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/027515

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X J. C. BENDELL ET AL: "Treatment Patterns
and Clinical Outcomes in Patients With
Metastatic Colorectal Cancer Initially
Treated with FOLFOX-Bevacizumab or
FOLFIRI-Bevacizumab: Results From ARIES, a
Bevacizumab Observational Cohort Study",
THE ONCOLOGIST,

vol. 17, no. 12,

26 September 2012 (2012-09-26), pages
1486-1495, XP055280593,

us

ISSN: 1083-7159, DOI:
10.1634/theoncologist.2012-0190

the whole document

X XIJIAN ZHOU ET AL: "Clinical Analysis of
Bevacizumab Plus FOLFIRI Regimen as
Front-Line Therapy for Chinese Patients
with Advanced Colorectal Cancer®,
JOURNAL OF CANCER THERAPY,

vol. 02, no. 04,

1 January 2011 (2011-01-01), pages
470-474, XP055280602,

ISSN: 2151-1934, DOI:
10.4236/jct.2011.24063

the whole document

X WO 2013/188586 Al (MERRIMACK
PHARMACEUTICALS INC [US])

19 December 2013 (2013-12-19)

abstract

page 3, line 4 - page 6, line 14

page 8, line 23 - page 9, line 21

page 11, line 18 - page 12, line 5

page 12, line 6 - line 14

page 13, line 1 - page 14, line 10
examples 1-7

claims 1-27

X WO 2004/093795 A2 (CELATOR TECHNOLOGIES
INC [CA]; TARDI PAUL [CA]; HARASYM TROY
[CA]; WEB) 4 November 2004 (2004-11-04)
abstract

paragraph [0002]

paragraph [0008]

examples 1-27

claims 1-24

1-62

1-62

1-62

1-62

Form PCT/ISA/210 {continuation of second sheet} {April 2005}
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INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/027515
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2013188586 Al 19-12-2013 AU 2013202947 Al 16-01-2014
AU 2013274287 Al 29-01-2015
CA 2875824 Al 19-12-2013
CN 104717961 A 17-06-2015
EP 2861210 Al 22-04-2015
HK 1209627 Al 08-04-2016
JP 2015523355 A 13-08-2015
KR 20150021565 A 02-03-2015
TW 201412345 A 01-04-2014
US 2015182521 Al 02-07-2015
US 2015328156 Al 19-11-2015
US 2015374682 Al 31-12-2015
US 2016074382 Al 17-03-2016
WO 2013188586 Al 19-12-2013

WO 2004093795 A2 04-11-2004 AU 2004231977 Al 04-11-2004
CA 2522662 Al 04-11-2004
EP 1615621 A2 18-01-2006
JP 2006523713 A 19-10-2006
US 2004022817 Al 05-02-2004
US 2007148255 Al 28-06-2007
US 2007298092 Al 27-12-2007
WO 2004093795 A2 04-11-2004

Palak Vol

Form PCT/ISA/210 {patent family annex) (April 2005)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter I of the Patent Cooperation Treaty)

(PCT Rule 44bis)

Applicant’s or agent’s file reference FOR FURTHER ACTION See item 4 below
239669-402422

International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/US2016/057247 15 October 2016 (15.10.2016) 16 October 2015 (16.10.2015)

International Patent Classification (8th edition unless older edition indicated)
See relevant information in Form PCT/ISA/237

Applicant
IPSEN BIOPHARM LTD.

1.  This international preliminary report on patentability (Chapter I) is issued by the International Bureau on behalf of the
International Searching Authority under Rule 44 bis.1(a).
2. This REPORT consists of a total of 8 sheets, including this cover sheet.

In the attached sheets, any reference to the written opinion of the International Searching Authority should be read as a
reference to the international preliminary report on patentability (Chapter I) instead.

3. This report contains indications relating to the following items:

}I{ Box No. I Basis of the report

|:| Box No. II Priority

|:| Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

|:| Box No. IV Lack of unity of invention

}I{ Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or

industrial applicability; citations and explanations supporting such statement

I:’ Box No. VI Certain documents cited
g Box No. VII Certain defects in the international application
g Box No. VIII Certain observations on the international application

4.  The International Bureau will communicate this report to designated Offices in accordance with Rules 44bis.3(c) and 93bis.1
but not, except where the applicant makes an express request under Article 23(2), before the expiration of 30 months from
the priority date (Rule 44bis .2).

Date of issuance of this report
17 April 2018 (17.04.2018)

The International Bureau of WIPO Authorized officer

34, chemin des Colombettes

1211 Geneva 20, Switzerland Agnés Wittmann_RegiS

Facsimile No. +41 22 338 82 70 e-mail: pct.team6@wipo.int

Form PCT/IB/373 (January 2004) CSPC hib
PC Exhibit 1111
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From the
INTERNATIONAL SEARCHING AUTHORITY

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

see form PCTASAR220

Date of mailing
(day/monthirear) see form PCTASA2210 (second sheet)

Applicant's or agent's file reference FOR FURTHER ACTION

see form PCTASAR220 See paragraph 2 below

International application No. International filing date (day/monthiear) Priority date (day/monthiear)
PCTAUS2016/057247 15.10.2016 16.10.2015

International Patent Classification (IPC) or both national classification and IPC

INV. A61K9A127 A61K31/4745

Applicant
MERRIMACK PHARMACEUTICALS, INC.

1. This opinion contains indications relating to the following items:

Box No. | Basis of the opinion
Box No. | Priority
Box No. {il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step and industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited
Box No. VIl Certain defects in the international application

NRKRO XOOOR

Box No. Vil Certain observations on the international application
2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Form PCTASA/2220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA/220.

Name and mailing address of the ISA: Date of completion of Authorized Officer .
- this opinion & B“’"%.Q
9)) European Patent Office see form < o EY
P.B. 5818 Patentlaan 2 van de Wetering, P H ’ 5
— &¥  NL-2280 HV Rijswijk - Pays Bas PCTASA210 9 % $
Tel. +31 70340 - 2040 Telephone No. +31 70 340-0 s
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2016/057247

Box No.1 Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

D
O

the international application in the language in which it was filed.

a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing:

a. O forming part of the international application as filed:
[ in the form of an Annex C/ST.25 text file.

[J on paper or in the form of an image file.

b. O furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of
international search only in the form of an Annex C/ST.25 text file.

c. [ furnished subsequent to the international filing date for the purposes of international search only:
O in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

O on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section
713).

In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
furnished.

5. Additional comments:

CSPC Exhibit 1111
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INTERNATIONAL SEARCHING AUTHORITY PCTAUS2016/057247

Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-23
No: Claims
Inventive step (1S) Yes: Claims
No: Claims 1-23
Industrial applicability (1A) Yes: Claims 1-23

No: Claims

2. Citations and explanations

see separate sheet

Box No. VIl Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet

Box No. VIll Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet
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Re ltem V.
1 Prior Art
Reference is made to the following documents:
D1 US 8 658 203 B2 (DRUMMOND ET AL) 25 February 2014, cited

2.1

in the application

D2 ZHONG Z ET AL: "Analysis of cationic liposomes by reversed-
phase HPLC with evaporative light-scattering detection”,
JOURNAL OF PHARMACEUTICAL AND BIOMEDICAL
ANALYSIS, vol. 51, no. 4, 11 March 2010, pages 947-951,
XP026813988

D3 AWA DICKO ET AL: "Intra and Inter-Molecular Interactions
Dictate the Aggregation State of Irinotecan Co-Encapsulated with
Floxuridine Inside Liposomes", PHARMACEUTICAL
RESEARCH, vol. 25, no. 7, 5 March 2008, pages 1702-1713,
XP019613128

Inventive step (Article 33(3) PCT)

The present application does not meet the criteria of Article 33(1) PCT,
because the subject-matter of claims 1-23 does not involve an inventive step
in the sense of Article 33(3) PCT.

D1, which is considered to represent the most relevant state of the art,
discloses (examples 11,13-15, 17, 82; table 11; column 22, lines 38-47;
column 25, lines 9-21; column 26, lines 37-64): liposomal irinotecan
compositions, wherein the liposomes are comprised of DSPC, cholesterol and
PEG-DSPE in a molar ratio of 3:2:0.015; and wherein the active is entrapped
in the form of irinotecan-sucrose octasulfate. The drug/lipid ratio input ratio
was 0.15-0.55 g drug/mmol lipid of which more than 95% typically 98-100%
was encapsulated. The drug concentration was adjusted to be in the range of
2.0-4.0 mg/ml. Example 82 discloses liposomes with a size of 112(+/-16) nm
and in a buffer of pH 7.0.

The subject-matter of claim 1 differs from this composition in that the
irinotecan moiety per ml of the composition is 4.3 mg, whereas in D1 a
concentration of 2.0-4.0 mg/ml is disclosed. Furthermore D1 is silent on the

Form PCT/ISA/237 (Separate Sheet) {Sheet 1} (EPO-April 2005)
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formation of lyso-PC during storage, although it is mentioned that the
liposomes are very stable (example 17, column 56, lines 64-65). In view of
the same excipients forming the liposome, it can be expected that the
liposome stability is very similar as well.

The technical effect brought by these differences is neither shown, nor
substantiated in the description.

The underlying technical problem to be solved by the present application may
be regarded as how to provide an alternative stable composition.

Staring from the stable irinotecan-containing liposomes of D1, the skilled
person would consider to change the concentration of the active compound,
because varying the amounts of excipients and active in order to prepare
pharmaceutical compositions is within the routine work of a person skilled in
the art.

Hence, no inventive step can be acknowledged to the subject-matter of claim
1 (Article 33(3) PCT).

2.2 The same reasoning applies, mutatis mutandis, to the subject-matter of the
corresponding independent claims 2 and 3, which therefore are also
considered not inventive.

2.3 Dependent claims 4-23 do not appear to contain any additional features
which, in combination with the features of any claim to which they refer, meet
the requirements with respect to inventive step.

The features claimed in these dependent claims are either derivable from D1
alone (e.g. process parameters (claims 3-5, 19), liposome size (claim 6), pH
value (claim 8, 17), irinotecan sucrose octasulfate (claims 14, 23), diameter
(claim 15, 17), stability (claims 3, 9, 10, 18, 22)), or they concern minor
modifications and routine experimentation which lie in the normal practice of
the skilled person, e.g. varying the amounts of excipients and active (e.qg.
claims 7, 11-13, 16, 20, 21) . In the absence of any indication as to a
surprising technical effect being obtained by these features, the claims
concerned lack an inventive step (Article 33(3) PCT).

2.4 The claims contain a number of process features which have not been shown
to lead to a surprising unexpected effect over the prior art.

2.5 In addition, it is noted that the application emphasises that the pH of the
composition has a positive effect on the stability of the composition, due to
the prevention of the formation of lyso-PC. However, this instability
phenomenon (lysis of phospholipids and its effect on the stability of the

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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active) has already been recognised and solved in the prior art (e.g. by fine
tuning of formulation parameters e.g. pH modification, see D2), also in
connection with irinotecan, see e.g. D3.

3 Industrial Applicability (Article 33(4) PCT)
The subject-matter of claims 1-23 is industrially applicable in the sense of
Article 33(4) PCT.

Re Item VII.

Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art
disclosed in D2, D3 is not mentioned in the description, nor are these documents
identified therein.

Re Item VIII.
4 Clarity (Article 6 PCT)
4.1 The present set of claims comprises three independent product claims of, at

first sight, overlapping nature.

Article 6 PCT requires that the claims (i.e. the set of claims) shall define the
matter for which protection is sought and that they (i.e. the set of claims) shall
be clear. The present set of claims makes it impossible to understand for
which subject-matter protection is sought. In particular it is quite unclear if the
various different product claims relate to different embodiments (i.e. to
different subject-matter) or that these claims are merely attempts to define the
same subject-matter in different ways.

Now, two different options appear to exist (and no other options seem
possible):

(i) If the claims define the same subject-matter then, quite clearly, the claims
are not only confusing but then they also lack conciseness.

(ii) If the claims define different subject-matter, then the question of unity of
invention arises. Now, lack of unity only occurs when at least two inventions
can be recognized, each characterized by a special technical feature. In the
present case, however, not a single invention can be recognized (see Item V

Form PCT/ISA/237 (Separate Sheet) {Sheet 3} (EPO-April 2005)

CSPC Exhibit 1111
Page 170 of 399



WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2016/057247

above). Thus, it appears that option (i) is the most likely.
Consequently, the set of independent claims lacks clarity and conciseness;
Article 6 PCT.

4.2 Claims 3, 9, 10, 18, 22 do not meet the requirements of Article 6 PCT in that
the matter for which protection is sought is not clearly defined. The claims at-
tempt to define the subject-matter in terms of the result to be achieved, which
merely amounts to a statement of the underlying problem, without providing
the technical features necessary for achieving this result. In case the
technical features present in the claim are known, a lack of novelty arises.

Form PCT/ISA/237 (Separate Sheet) (Sheet 4) (EPO-April 2005)
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Abstract

The aim of this study was to determine the location of SN-38 molecules in a liposomal formulation as a function of pH.
Steady-state fluorescence polarization anisotropy and gel filtration studies of blank (placebo) liposomes, liposomes contain-
ing SN-38 and SN-38 solutions (in some cases suspensions) were conducted before lyophilization and after re-hydration at
different pH conditions. SN-38, 1-(4-trimethylammoniumphenyl)-6-phenyl-1,3,5-hexatriene p-toluenesulfonate (TMA-DPH),
N-((4-(6-phenyl-1,3,5-hexatrienyl)phenyl)propy)trimethylanimonium p-toluenesulfonate (TMAP-DPH) and 1,6-diphenyl-1,3,5-
hexatriene (DPH) were used as fluoroprobes in the polarization anisotropy measurements. The localization of SN-38 was governed
by the degree of hydrophobicity of the drug molecules. At high pH, SN-38 is in its inactive, hydrophilic form and partitioned
into the water phase of the liposome suspensions. In Iyophilized LE-SN38 liposomes re-hydrated with low pH buffer, SN-38
was found at the water—lipid interface of the bilayer.
© 2005 Elsevier B.V. All rights reserved.

Keywords: SN-38; Liposomes; Lyophilization, Bilayer, Interaction; Fluorescence; Anisotropy

1. Introduction Waukegan, IL). As with other camptothecin class

of compounds, SN-38 wundergoes pH-dependent

SN-38 1s an active metabolite of irinotecan, a deriva-
tive of camptothecin (CPT-11) that inhibits the activity
of topoisomerase I (NeoPharm Inc., Waukegan, IL).
SN-38 1s currently being investigated for use in the
treatment of metastatic colon cancer (NeoPharm Inc.,

* Corresponding author. Tel.: +1 847 887 0800,
fax: +1 847 887 9281.
E-mail address: imran@neophrm.com (I. Ahmad).

0378-5173/% — see front matter © 2005 Elsevier B.V. All rights reserved.

doi:10.1016/j.ijpharm.2005.04.028

reversible hydrolysis of the active a-hydroxy-8-lactone
ring to form an inactive carboxylate derivative in
aqueous solutions (pH > 7) and plasma (Burke et al.,
1992; Burke and Mi, 1993 and Fig. 1). For almost all
camptothecins at 37 °C, the half-life of this reversible
conversion is about 16 min in PBS and about 12 min in
plasma (Burke et al., 1992; Burke and Mi, 1993 ; Mi and
Burke, 1994). Hence, to preserve the anti-tumor activ-
ity of SN-38, it 1s crucial to minimize its conversion to
the inactive metabolite.
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pH

Acidic

SN-38
(active)

Basic

SN-38
{inactive)

Fig. 1. pH-dependent equilibrium of SN-38 and its inactive metabolite.

SN-38 is very hydrophobic at pH <7 (the apparent
octanol/water partition coefficient (log P,) at pH 1.5
1s 2.09 (unpublished data)) and hydrophilic at pH>7
(log P,=—2.49 at pH 10.4 (unpublished data)) due to
the ring-closed lactone and ring-opened carboxylate
forms, respectively (Kaneda et al., 1997; Wadkins et
al., 1999). Despite its hydrophobicity at low pH, SN-38
has low affinity to lipid bilayers resulting in very low
drug-to-lipid entrapment in liposomal formulations
(Burke et al., 1993; Wadkins et al., 1999). However,
once SN-38 i1s entrapped within the liposomes, the
pH-dependent reversible hydrolysis of the lactone ring
is significantly reduced (Burke and Gao, 1994).

Recently, we reported that unilamellar liposomes of
DOPC, cholesterol and cardiolipin (volume-weighted
mean diameter ~150nm) in the presence of SN-38
(LE-SN38) can be formed in high pH medium
(pH > 10) (Zhang et al., 2004). At this pH, the entrap-
ment efficiency of SN-38 is less than 10% (Zhang
et al., 2004). However, upon lyophilization of the
liposomes and re-hydration in acidic medium (pH <3),
SN-38 entrapment efficiency significantly increased
to greater than 95%. The re-hydrated LE-SN38 lipo-
somes were stable and showed no drug crystallization
or precipitation for up to 8 h after re-hydration or after
dilution in normal saline (Zhang et al., 2004).

This study aims to determine the location of SN-
38 in LE-SN38 liposomes before lyophilization and
after re-hydration in acidic medium by steady-state
fluorescence polarization anisotropy technique using
DPH derivatives and SN-38 as fluoroprobes and by
gel filtration method. In aqueous medium, DPH and its
derivatives partition exclusively into the lipid bilayer.
The partitioning is accompanied by up to 1000-fold
mcrease of the fluorescence of the fluoroprobes. The
fluorescence polarization anisotropy of a fluoroprobe

depends on the microstructure or “fluidity” of the
medium (bilayer) surrounding the probe (Lentz, 1989).
This makes the steady-state fluorescence anisotropy
measurements one of the most sensitive methods for
quantitative study of the structural order in lipid mem-
branes in the presence or absence of drug molecules
(Balasubramanian and Straubinger, 1994; Ben-Yashar
and Barenholz, 1989; Bernsdorff et al., 1999; Burke
et al., 1992, 1993; Lentz et al., 1976a.b; Pottel et
al., 1983; Shinitzkv and Barenholz, 1978). Different
DPH derivatives preferentially partition and conse-
quently probe the microstructure of different regions
of the bilayer. The three fluoroprobes emploved in
this study, TMA-DPH, TMAP-DPH and DPH, probe
the water—lipid interface, intermediate region of the
bilayer and deeper region of the bilayer, respectively
(Bernsdorff et al., 1999; Lentz ct al., 1976a.b; Lentz,
1989). The presence of drug molecules in the lipid
bilayer will affect the local order and movement of
the lipid molecules. The variations in the microstruc-
ture of the lipid bilayer due to drug-lipid interactions
can be detected by comparing polarization anisotropy
data obtained in the presence and absence of drug
molecules. The differences in polarization anisotropy
between active and placebo formulations will be the
most pronounced for the fluoroprobe that partitions in
the same region of the bilayer where the drug molecules
are located. Consequently, the polarization anisotropy
measurements can reveal the approximate position of
the drug molecules within the lipid bilayer.

2. Materials

SN-38 was purchased from Qventas Inc. (Newark,
DE,USA). 1,2-Dioleoyl-sn-glycero-3-phosphocholine
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(DOPC), cholesterol and cardiolipin were purchased
from Avanti Polar Lipids (Alabaster, AL, USA).
Hydrochloric acid and sodium hydroxide were
obtained from EM Science (Gibbstown, NJ, USA).
Sucrose NF grade was obtained from Mallinckrodt
(Mallinckrodt Baker Inc., Phillipsburg, NJ, USA).
Sodium lactate was obtained from Fisher Scientific
(Fairlawn, NJ, USA). Nitrogen, NF was obtained from
BOC Gases (Carol Stream, IL, USA). TMA-DPH,
TMAP-DPH and DPH were purchased from Molecu-
lar Probes (Eugene, OR, USA). Sephadex G-50 beads
were obtained from Sigma (St. Louis, MO, USA).
All chemicals used in the fluorescence measurements
were of spectroscopic grade. All chemicals were used
as received.

3. Methods
3.1. SN-38 and cholesterol assays

SN-38 was quantitated according to a previously
reported HPLC method (Zhang et al., 2004). Choles-
terol was quantitated by an HPLC method (unpublished
data). Briefly, the HPLC system consisted of an Agilent
1100 module (Wilmington, DE, USA), a quaternary
pump, mobile phase degasser, auto-sampler with ther-
mostat and a column heater compartment. Agilent soft-
ware, Chemstation, was used for data acquisition and
analysis. UV variable detector set at a wavelength of
205 run and Kromasil C-18 (4.6mm x 250 mm, 5 pum)
column were utilized. The mobile phase consisted of a
mixture of isopropanol and acetonitrile in 75:25% v/v
ratio. During the analysis, 50 pl samples were injected
in duplicate into the HPLC system at mobile phase flow
rate of 1 mL/min and column temperature of 40 °C.

3.2. Vesicle size measurements

Mean vesicle size was measured by dynamic
light scattering technique, using Nicomp 380 Sub-
micron Particle Sizer (Particle Sizing Systems, Santa
Barbara, CA, USA). Prior to sample measurement,
polystyrene beads of standard size were used to verify
the performance of the instrument. All samples were
measured in duplicate. The data were analyzed by
ZW380 Application Version 1.60 software (Particle
Sizing Systems, Santa Barbara, CA, USA), assuming

that vesicles are spherical. The data were reported as
volume-weighted Gaussian mean diameter.

3.3. Preparation of lyophilized LE-SN38
liposomes

LE-SN38 liposomes composed of DOPC:
cholesterol:cardiolipin in molar ratio 50:40:10
(60mg/mL total lipids) in 10% sucrose solution
containing 2 mg/mL SN-38 at pH 10.4 were prepared
by the ethanol injection method as described elsewhere
(Zhang et al., 2004). Briefly, the lipid components
(DOPC, cholesterol and cardiolipin) were solubilized
in ethanol. The solubilized lipid mixture was diluted
into an aqueous solution of SN-38 in 10% sucrose at
pH 10.4. The dispersion was then extruded through
polycarbonate filter membranes with pore size of
04, 02 and 0.1 pm until a mean size of 150nm
was achieved. Ethanol was removed by evaporation
under vacuum. Placebo liposomes with identical lipid
composition were prepared using the same procedure.
The liposomes were lyophilized immediately after
preparation and stored at 2-8 °C (Zhang et al., 2004).

3.4. Preparation of samples for fluorescence
measurements

Pre-lyophilized liposomes (pH 10.4) and lyophi-
lized liposomes re-hydrated with acidic buffer (10 mM
sodium lactate buffer, pH 1.5) were used. These sam-
ples were further diluted with 10% sucrose (pH 10.4)
and with lactate buffer (pH 1.5), respectively, to a final
concentration of 0.3 mM total lipids. The equivalent
concentration of SN-38 was 153 uM (6 pg/mL).
Dynamic light scattering measurements confirmed
that the liposomes were present and stable in the
diluted samples for the duration of the experiments
(data not shown).

Solutions/suspensions of SN-38 (15.3 uM (6 pg/
mL)) in 10% sucrose (pH 10.4) and 10mM lactate
buffer (pH 1.5) were also used.

3.5. Labeling of the liposome samples with DPH
derivative fluoroprobes

Fluoroprobes were not added during the prepara-
tion of the liposomes because DPH derivatives are
known to partition easily into lipid bilayers (Bernsdorff
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et al., 1997). Instead, the fluoroprobes were dissolved
i organic solvents and added to the prepared lipo-
somes. TMA-DPH and TMAP-DPH were dissolved in
cthanol at concentration of 1 mM. DPH was dissolved
in THF at concentration of 2mM. Small volumes
(between 0.4 and 0.6 L) of the fluoroprobe stock solu-
tions were mixed with the diluted liposomal samples
from Section 3.4 in fluorometer cells. After mixing,
the fluoroprobes were incubated with the liposomes at
room temperature for more than 30 min. The incubation
time was long enough to attain equilibrium partitioning
of the probe into the lipid bilayer as confirmed by fluo-
rescence measurements (data not shown) following an
experimental procedure described previously (Lentz et
al., 1976a). The final probe-to-lipid molecular ratio was
1:1500 for TMA-DPH and TMAP-DPH, and 1:1000
for DPH. Due to the high sensitivity of the instrument,
these ratios were sufficient to obtain reliable anisotropy
data. At the low probe-to-lipid molecular ratios used
m our study, DPH derivative fluoroprobes have been
shown not to disturb the overall structure of the lipid
bilayer (Lentz, 1989).

3.6. Fluorescence measurements

Steady-state fluorescence anisotropy measure-
ments were performed on ISS-PCI Photon Counting
Spectrophotometer in L-shape configuration equipped
with two monochromators (ISS, Champaign, IL,
USA). One centimeter rectangular quartz fiuorometer
cells were used. Temperature was controlled within
40.1°C with EcoLine RE120 water bath (Lauda-
Brinkmann, Germany). Prior to cach measurement,
the fluorescence cell was kept for at least 10min
in the spectrophotometer to allow for temperature
equilibration. Samples were continuously mixed with
a magnetic stirrer placed inside the cell.

Fluorescence measurements were performed with
4 or 8 nm waveband excitation and emission slits. In
the case of DPH derivative fluoroprobes, the excitation
and emission wavelength were set at 355 and 430 nm,
respectively (Balasubramanian and Straubinger, 1994;
Campbell et al., 2001). The fluorescence anisotropy
was measured over a temperature range from 15 to
45 °C (above the Ty, of the bilayer). The polarization
anisotropy results were corrected for the intensity of the
light scattered from the liposomes, as described else-
where (Litman and Barenholz, 1982). In lactate buffer

(pH 1.5), the results were also corrected for the depo-
larization due to light scattering (Lentz et al., 1979).

Due to its strong fluorescence, SN-38 was also used
as afluoroprobe (Burke et al.. 1992; Burke et al., 1993).
In this case, the polarization anisotropy was measured
at 25 °C using excitation and emission wavelengths of
370 and 550 nm, respectively.

3.7. Samples for gel filtration

The following samples were analyzed: pre-
lyophilized LE-SN38 liposomes, pH 9.68; pre-
Iyophilized LE-SN38 liposomes, pH reduced to pH
1.75; Iyophilized LE-SN38 liposomes re-hydrated with
lactate buffer, initial pH 1.82, after 30 min readjusted to
pH 10.4; Iyophilized LE-SN38 liposomes re-hydrated
with lactate buffer, final pH 1.76.

3.8. Gel filtration procedure

Three mL syringes were filled with Sephadex G-50
previously hydrated with 0.9% sodium chloride. The
excess amount of liquid was removed by centrifugation
for 2min at 2000 rpm (rcf of 800 x g) at 4°C on a
Centra CL3R centrifuge, rotor 243 (Thermo IEC,
Needham Heights, MA, USA). To facilitate the gel
filtration, some of the samples in lactate buffer (pH 1.5)
were diluted two-fold with 0.9% NaCl immediately
prior to centrifugation. Sample (250 pL) was placed on
the top of each syringe and centrifuged. To completely
elute and recover the liposomes from the column,
250 wL of 0.9% NaCl was added to each syringe and
centrifuged again. The washing procedure was con-
ducted twice. All samples were run in triplicate. The
filtrates were collected, pulled together and analyzed
for SN-38 and cholesterol by HPLC as described in
Section 3.1.

This gel filtration procedure ensured that the lipo-
somes along with SN-38 embedded into the bilayer
or encapsulated in the water compartment of the lipo-
somes were cluted with the filtrate. SN-38 dissolved
in the water phase outside the liposomes and SN-38
aggregates were retained in the gel. The gel filtration
procedure was validated with placebo liposomes and
SN-38 solutions in 10% sucrose at pH> 10 and with
SN-38 suspensions in lactate buffer, pH 1.5. Ninety-
nine percent of the placebo liposomes was recovered
with the filtrate. Ninety-eight and hundred percent of
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SN-38 was retained in the gel filtration columns at
high and low pH, respectively (data not shown).

4. Results and discussion

4.1. Fluorescence polarization anisotropy of
SN-38

Earlier reports have shown that the camptothecin’s
excited-state lifetime 1s relatively insensitive to
alterations in microenvironment, such as solvent
viscosity or binding to phospholipids (Burke et al.,
1993). Consequently, an increase or decrease of the
rotational correlation time of the drug molecule will
lead to an increase or decrease of the steady-state flu-
orescence anisotropy (Burke et al., 1993). Because of
mstrumental limitations we were not able to measure
the excited-state lifetime of SN-38 and we assumed
that the observations by Burke et al. (1993), would
hold for SN-38 as well. This assumption allowed us to
mterpret the variations of the fluorescence anisotropy
as an indication of changes in the microviscosity and
local order surrounding the drug molecules.

The polarization anisotropy of the fluorescence
of SN-38 was measured in diluted LE-SN38 for-
mulations and SN-38 solutions at two different pH
as described in the Section 3. The results of these
measurements are given in Table 1. The very low
values of the polarization anisotropy at pH 104
suggested that SN-38 was free and dissolved in the
solution. No difference was observed between SN-38
solutions and LE-SN38 formulations indicating that
the drug did not associated with the lipid bilayer
due to its high degree of hydrophilicity at this pH
condition. This observation was confirmed by gel

Table 1
Effect of the pH on the polarization anisotropy of the fluorescence
of SN-38 at25°C

Probe Formulation

Polarization amsotropy®

Lactate buffer, Sucrose, pH 10.4
pH15
SN-38 SN-38 solutions 0.130 £0.007 0.020 £0.002
Liposomes with 0.185+£0.005 0.021£0.002

SN-38

2 Averaged values and standard deviations of 10 measurements.

filtration (see the Section 4.3 below) and was in
agreement with previous studies that reported low
encapsulation efficiency of SN-38 at high pH (Zhang
et al., 2004). At low pH however, the fluorescence
anisotropy in the LE-SN38 liposomes was significantly
higher than in SN-38 solutions. This suggested an
icreased viscosity of the microenvironment of SN-38
molecules in the LE-SN38 liposomes and could be
mterpreted as an indication of association of SN-38
with the lipid bilayer (Burke et al., 1992; Burke et al.,
1993). The association could be driven by the increased
hydrophobicity of SN-38 molecules associated with
the closing of the lactone ring at low pH. The change of
fluorescence anisotropy from 0.020 at high pH to 0.130
at low pH observed for SN-38 solutions could be caused
by self-aggregation or stacking of SN-38 molecules
that 1s possible at low pH (Burke et al., 1993).

4.2. Fluorescence polarization anisotropy of DPH
derivative fluoroprobes

The effect of the pH on the polarization anisotropy
of interface probe TMA-DPH in blank liposomes
and in LE-SN38 at various temperatures is shown
in Fig. 2. There and in the next two figures data
were averaged for 10 measurements and the standard
deviation is shown for each datapoint. At high pH,
there was no significant difference between the polar-
ization anisotropy measured in placebo and LE-SN38

0.31

027

0231

Polarization Anisotropy

0.1%9 : ! L ! . L L
10 15 20 25 30 35 40 45 50
Temperature, deg G

Fig. 2. Effect of the pH on the polarization anisotropy of TMA-DPH
in blank liposomes (open symbols) and in liposomes with SN-38
(solid symbols): (O, @) pH 10.4; (I, M) lactate buffer, pH 1.5.
Statistical significance in the difference of polarization anisotropy
for liposomes with SN-38 compared to blank liposomes is shown on
the figure: *p <0.001; n=10.
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0.31

027

0.23 ¢

Polarization Anisotropy

0.19 L L
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30 35 40 45 50

Temperature, deg C

Fig. 3. Effect of the pH on the polarization anisotropy of TMAP-DPH in blank liposomes (open symbols) and in liposomes with SN-38 (solid

symbols): (O, @) pH 10.4; ({1, W) lactate buffer, pH 1.5.

liposomes suggesting that SN-38 did not associate
with the lipid bilayer. This finding was supported
by the polarization anisotropy results for SN-38 (see
above) and by previous studies (Zhang et al., 2004).
At low pH, however, there was a significant difference
between the polarization anisotropy measured in
placebo and LE-SN38 liposomes. The difference was
more pronounced at higher temperatures (30—45 °C).
The difference could be interpreted as indication that
SN-38 was located near the TMA-DPH fluoroprobe.
Because TMA-DPH predominantly occupies the
water—lipid interface region of the bilayer our results
suggested that after re-hydration with lactate buffer
(pH 1.5) SN-38 was located close to the interface.

The effect of the pH on the polarization anisotropy
of TMAP-DPH and DPH in blank liposomes and
m LE-SN38 at various temperatures is shown in
Figs. 3 and 4, respectively. There was no significant
difference between the polarization anisotropy in lipo-
somes containing or not SN-38, at high pH, confirming
that SN-38 did not associate with the lipid bilayer. Fur-
thermore, there was no significant difference atlow pH,
suggesting that even though SN-38 was located close
to the water-lipid interface it did not penetrate into
the intermediate or deeper regions of the bilayer where
TMAP-DPH and DPH are located.

4.3. Gel filtration studies

From the fluorescence data at low pH it was
difficult to determine if SN-38 was located inside the

lipid bilayer close to water—lipid interface or formed
aggregates in the water phase close to the interface. To
further investigate these possibilities, we carried out
gel filtration studies.

The experimental results of the gel filtration study
are presented in Table 2. The table shows the amount
of SN-38 and cholesterol recovered in all filtrates
as a percentage of the amount initially placed on
the columns. Cholesterol was used as a marker for
liposome loss/recovery during the experiment. In the
pre-lyophilized liposomes at high pH, 9.1% of SN-38
was associated with the liposomes. This was most
probably due to passive entrapment of SN-38 inside the

024

0.20

016 |

Polarization Anisotropy

0.12

10 15 20 25 30 35 490 45 50
Temperature, deg C

Fig. 4. Effect of the pH on the polarization anisotropy of DPH in
blank liposomes (open symbols) and in liposomes with SN-38 (solid
symbols): (O, @) pH 10.4; (LI, W) lactate buffer, pH 1.5. Statistical
significance of the difference of polarization anisotropy for lipo-
somes with SN-38 compared to blank liposomes is shown on the
figure: *p <0.001; n=10.
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Percent SN-38 associated with liposomes and percent recovery of cholesterol (as a measure of liposome recovery)

Low pH (pH <2)

Cholesterol recovered (%)

SN-38 associated (%)  Cholestrol recovered (%)

Table 2
Sample High pH (pH > 10)

SN-38 associated (%)
Pre-lyophilized LE-SN38 9.1 99
Lyophilized LE-SN38 1.7 1025

re-hydrated with lactate buffer

0.8% 964
72 95

2 Pre-lyophilized LE-SN38 liposomes, pH reduced to pH 1.75.

b Lyophilized LE-SN38 liposomes re-hydrated with lactate buffer, initial pH 1.82, after 30 min readjusted to pH 10.4.

liposomes during the extrusion. The result confirmed
the data from the fluorescence measurements and
previous findings of low encapsulation efficiency at
high pH (Zhang et al., 2004). For lyophilized LE-SN38
liposomes re-hydrated with lactate buffer, 72% of SN-
38 was associated with the liposomes. The remaining
28% of SN-38 was separated from the liposomes by
the gel filtration procedure employed in this study.

Simple reduction of the pH in the pre-lyophilized
liposomes to 1.7 did not increase the association of
SN-38 with the liposomes. Instead an aggregation
occurred and only 0.8% of SN-38 remained associated
with the liposomes. The aggregation was apparent
by the visually observed sedimentation and by the
thickening of the samples. In contrast, no aggre-
gation was observed by dynamic light scattering
or by optical microscopy (data not shown) in the
lyophilized liposomes re-hydrated with lactate buffer
(pH 1.5).

The lyophilization by itself did not increase the
association of SN-38 with the liposomes, either. Only
8.7% of SN-38 was associated with the liposomes after
lyophilized LE-SN38 liposomes were re-hydrated with
water and the pH was readjusted to 10.4 (cholesterol
recovery 101%). The result was similar to the case of
pre-lyophilized liposomes and represented the percent
of SN-38 passively entrapped in the liposomes.

These results showed that the combination of
lyophilization and re-hydration with an acidic buffer
was the reason for association of SN-38 with the lipid
bilayer. The close proximity of the drug molecules and
lipid bilayers during the re-hydration allowed SN-38
to interact with the lipid bilayers. During this process,
SN-38 could form micro aggregates containing sev-
eral drug molecules at or very close to the water—lipid
mterface. SN-38 micro aggregates may adsorb at the
mterface which will considerably slow down further

crystal growth. We speculate that the main factor
facilitating the formation of such micro aggregates was
the presence of the large surface area of the lipid bilayer
during the re-hydration at low pH. Similar micro aggre-
gates, called quantum dots, have already been observed
on the vesicle surface in liposome suspensions (Correa
and Schelly, 1998; Correa et al., 2000).

Based on the experimental results presented here
we propose the following model for the localization
of SN-38 in the liposomes suspensions at different pH
conditions:

Case 1. High pH, pre-lyvophilized SN-38 liposomes.
SN-38 is soluble in water and does not associate with
the lipid bilayer. Some SN-38 is passively entrapped
mside the liposomes.

Case 2. Low pH, pre-lyophilized SN-38 liposomes.
Upon pH reduction, SN-38 converts into its lactone
hydrophobic form, its water solubility decreases and it
rapidly aggregates forming bulk particles of microm-
eter size. These particles do not associate with the
liposomes but instead sediment.

Case 3. High pH, lyophilized SN-38 liposomes. Upon
re-hydration of lyophilized LE-SN38 liposomes with
high pH medium, SN-38 remains soluble in water
and does not associate with the bilayer. Some SN-38
remains passively entrapped inside the liposomes.
Case 4. Low pH, Iyophilized SN-38 liposomes. Upon
re-hydration of lyophilized LE-SN38 liposomes with
low pH buffer (for example, lactate buffer), SN-38
converts into its lactone hydrophobic form. Due to
the close proximity of SN-38 molecules and lipid
bilayers during the re-hydration, SN-38 interacts
with the lipids and forms micro aggregates close
to the water-lipid interface. The micro aggregates
adsorb on the liposome surface which prevents
further crystal growth and aggregation.

CSPC Exhibit 1111
Page 182 of 399



V. Peikov et al. / International Journal of Pharmaceutics 299 (2005) 92-99 99

5. Conclusions

The steady-state fluorescence polarization aniso-
tropy and gel filtration experiments revealed that the
localization of SN-38 molecules and their interactions
with the lipid bilayer were governed by the hydropho-
bicity of the drug molecules at different pH conditions
and by the preparation procedure. In the case of
lyophilized SN-38 liposomes re-hydrated with low pH
buffer medium (lactate buffer), the active closed-ring
form of SN-38 was associated with the water—lipid
interface region of the bilayer. No precipitation or sedi-
mentation of SN-38 was observed for up to 8 h. Athigh
pH. the inactive open-ring form of SN-38 partitioned
into the water phase of the liposome suspensions.
Some SN-38 was entrapped inside the aqueous core
of the liposomes due to passive entrapment.
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Abstract

Background: Standard chemotherapy for patients with metastatic colorectal cancer ImCRC} or
gastric cancer {GC} consists of two-drug, usually fluoropyrimidine-based, combinations, with
or without the addition of bicological agents. Studies of triple-drug regimens combining
5-flucrouracil {5-FU}/folinic acid {FA] with both oxaliplatin and irinotecan have shown prom-
ising efficacy in studies of patients with mCRC or GC. However, improved efficacy has often
been achieved at the expense of high rates of grade 3 or 4 toxicities such as neutropenia and
diarrhoea, occasionally even resulting in toxic deaths.

Objective/Methods: We performed a phase H study of previously untreated patients with mCRC
or GC to assess the safety and efficacy of our 5-fluocrouracil/folinic acid/oxaliplatinfirinotecan
(FUFOXIRI) regimen with weekly administration of irinotecan 70 mg/m?, oxaliplatin 50 mg/m?,
FA 500 mg/m? and 5-FU 2000 mg/m® on days 1, 8, 15 and 22, repeated from day 36.

Resulls: A total of 722 patients were enrolled, 11 each with mCRC and GC receiving a median of
four cycles per patient. The FUFOXIRI regimen was generally well tolerated with no toxic
deaths, neutropenic fever or grade 4 toxicities. Most common grade 3 side effects were diar-
rhoea and neutropenia each affecting 24% of patients. Dose reductions due to toxicity were
performed in 48% of all and 60% of patients having received at least two cycles of FUFOXIRL
The overall response rate was 46% (all partial responses], 55% and 36% for patients with
mCRC and GC, respectively. Median progression-free survival for all patients, mCRC and GC
patients was 9.5, 10.0 and 8.0 months, respectively. The median overall survival for all patients
was 16.5, 18.0 and 15.0 months for patients with mCRC and GC, respectively.

Conclusion: These data show excellent tolerance and efficacy of the FUFOXIR! regimen in both
mCRC and GC. Therefore, FUFOXIR! is a promising backbone for future studies incorporating
biologic targeted’ agents for the treatment of gastrointestinal cancers.

Keywords: chemotherapy, clinical trial, colorectal cancer, gastric cancer, gastrointestinal
cancer, 5-fluorouracil, irinotecan, oxaliplatin

introduction

In both, metastatic colorectal cancer (mCRC)
and locally advanced or metasratic gasiric
cancer {(G(C), combination chemotherapy regi-
mens of two active treatment compounds, based
on infusional 5-flucrouracit (5-FU), have been
the standard of care for many yvears now.

showing superior efficacy for these combinations
compared with 5-FU/FA monotherapy. With the
addition of either drug, reporred response rates
(RR} have been increased from 15-25% rto
40-530% and overall survival (O8) of 1014
months with 3-FU/FA alone was prolonged to
more than 20 months if all drugs were subse-
quently administered [Kohne e al 2005
Grothey er al. 2002; De Gramont et al
2000; Douillard er @l 2000; Giacchewd er al
2000; Saltz er af. 2000].

In mCRC, 5-FU is commonly administered with
folinic acid (FA)} and with either irinotecan or
oxaliplatin resulting from six phase III trials
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To further increase efficacy, novel molecularly
rargeted agents have been examined in rando-
mized phase 1If trials, mostly in addition to che-
motherapy doublets. In mCRC, the addition of
bevacizumab has vielded improvement of
progression-free survival (PFS) [Saltz er ol
2008; Hurwitz et al 2004], RR and OS5
[Hurwitz ez al. 2004]. The addition of cetuximab
resulted in improved RR [Bokemever ez al. Z009;
Van Cutsem er @/. 2009a] and PFS [Van Cutsem
er al. 20094}, but not OS [Bokemever et el 2009;
Van Cutsem er af. 2009a].

Analogous ro rhe management of mCRC, rhe
standard treatment of GC in the Western World
consists of 5-FU-based regimens, most com-
monly combined with cisplatn [Lutz er &l
2007]. Numerous studies have shown that oxali-
platin has the potential to replace cisplatin as a
further standard, suggesting a favourable toxicity
profile with lower rates of neutropenia, alopecia
and less renal toxicity and at least equal efficacy
fAl-Batran er ol 2008, 2004; Cunningham er al.
2008; De Vita er ¢l 2005; Lordick er ol 2005;
Chao er af. 2004; Louver er al. 2002].

Although irinotecan is less extensively evaluared
in GC, phase II data have shown considerabie
activity  when  combined with 3-FU/FA
[Moehler ez al. 2005; Bouche er af. 2004; Pozzo
et al. 2004; Blanke er al. 2001]. Furthermore, a
phase III wrial comparing 5-FU/cisplatin to 5-FU/
irinotecan resulted in a trend for improved time
1o tamour progression (TTP) in favour of the
irinotecan-containing schedule. Again, the exper-
imental arm showed a berter toxicity profile than
5-FU/asplartin [Dank er of. 2008].

In GC, the addition of the anti-HER/2 antibody,
trastuzumab, was the first targeted agent that
resuited in an increased RR as well as a survival
benefit when added to 5-FU or capecitabine and
cisplatin {Van Cutsem er al. 2009b].

Another option is to combine the three most
active drugs in one regimen: as 5-FU, irinotecan,
and oxaliplatin show only partly overlapping tox-
icity profiles, a triple combination might be fea-
sible. Moreover, rthese agents have different
mechanisms of cyrotoxicity leading to {also dif-
ferent) synergistic effects of combined applica-
tion, as prechnically shown on colon and GC
cell lines i wirre [Tanaka er al. 2005; Patel er i,
2004; Yeh er @l 2004; Fischel er al 2001)L
Clinically, the combination of irinotecan with

oxaliplatin, withour SFU/FA, has been shown to
be significantly inferior to 5-FU/FA and oxalipia-
tin (FOLFOX) regarding RR, TTP and OS
[Sanoff er ol 2008; Goldberg er al. 2004].

Thus, a triple combination is expected to be more
effective, mainly regarding overall RR, and exrent
of tumour shrinkage, which offers significant clin-
ical benefirs: a greater proportion of patients with
initially inoperable metastases, mainly in mCRC
with disease limited to the liver, could be con-
verted 1o & resectable state and thereby potentally
cured [Folprecht er al. 2005; Bismuth er al. 1996].
The rares of secondary merastatic resection in
mCRC afrer wreatment with triple-drug combina-
tions of 5-FU/FA, irinotecan and oxalipiatin have
been reported to be 15—-82.4%:; however, some of
these results may be biased by small patient num-
bers and patienr selection [Ychou er af. 2008;
Ferrari er al. 2005; Sewum er ol 2005; Cals e ol
2004; De La Camara er al. 2004; Calvo er al. 2002;
Falcone er af. 2002].

So far, there are two phase I11 studies with a direct,
randomized comparison of the two-drug combi-
navion 5-FU/FA and irinotecan (FOLFIRID wich
the triple~drug regimen FOLFOXIRI additionally
including oxaliplatin for patients with mCRC.
In both studies, rhe rate of secondary merastaric
surgery was very similar in the FOLFIRI arms
(4% and 6%, respectively) and was markedly
higher with the FOLFOXIEI regimen (10% and
15%, respectively) {[Falcone et al. 2007a,b;
Souglakos ¢r af. 2006].

In nonresectable bur symptomatic patients,
rumour shrinkage might offer a better relief of
symproms and/or the prevention of symptomatic
disease progression: in mORCEC, a  recent
merta-analysis has demonstrated that patients
with poor performance status (BCOG PS 2)
vield at least the same benefit from intensified
{doublet) treatment when compared with
single-agent strategies, compared with patients
in good PS (0-1), with no or only few tumour
symptoms [Sargent er al. 20091,

Moreover, trials with first-line therapy of 5-FU
plus irinotecan or with oxaliplatin in mCRC
have shown that up to 40% of the patenrs did
not  receive second-line trearment, mostly
because they were not considered fit enough for
further chemotherapy. With a triple combination,
however, all patients will be exposed to all of the
three most active agents which is, according to

Page 1 §pgfa§®e,ﬁub,com



S Pezinert, W Grothe et al.

the findings of a meta-analysis, a strong prognos-
tic factor for improved OS [Grothey ez al. 2004].

During recent vears, a few phase I and 11 srudies,
mostly in patients with mCRC, have been con-
ducted, evaluating different schedules of 5-FU/
FA in combination with parallel, sequenrial or
alternanng applicarion of irinotecan and oxalipia-
tin. The results regarding efficacy were quite
promising with RR up to 72% [Masi e al
2004], progression free survival (PFS) of 9—-14
months and OS mostly well above 20 months
[Falcone er al 2007b, 2002; Souglakos er af.
2006, 2002; Abad er ol 2004; Cals er ol 2004;
Masi er @f. 2004; Calvo e af. 2002]; in the study
of Masi ez af. even 28.4 months [Vasile ez of. 2009;
Masi ez al. 2004}, In cross-trial comparisons, out-
come data of triple combinatiens in mCRC com-
pare superior to the results obtained with dual
caombinations of 5-FU and either irinotecan or
oxaliplarin [Kohne ¢r al 2005; Grothey er ol
2001; De Gramont er ¢l 2000; Douillard ez

2000; Giacchetti er gf. 2000; Saltz er al. 2000].

al.

The favourable efficacy was also confirmed in a
mulricenter phase 111 trial directly comparing a
three-drug combination of 5-FU/FA, oxaliplarin,
and irinctecan (FOILLFOXIRI) with the standard
combinarion of FOLFIRI [Falcone ¢z al. 20074a,b]
while a previously reported, similar phase 11T trial
only found a trend for improved efficacy of the
triple~drug combination [Souglakos er al. 2006].

In GC, a triple combination of 5-FU, cisplann
and docetaxel resulted in an improved median
S when compared 1o the standard two-drug
regimen [Ajani er ol 2005]. Interestngly, quality
of life was maintained for 2 significant longer
period, although high rates of grade 3/4 toxicities
limit the use of this regimen in daily routine.
However, the favourable efficacies observed
underiine the need for identification of other
active triple-drug regimens.

Drespite proven activity of each of the single agents
5-FU/FA, irmotecan, and oxaliplatin and several
positive trials with dual combinatons in GC
[Al-Batran er al. 2008, 2004; Cunningham er al.
2008; Dank er al. 2008; De Vita er af. 2005;
Lordick ez af. 2005; Moehler ez al. 2003; Bouche
et al. 2004; Chao er al. 2004; Pozzo er al. 2004;
Louvet ez ol 2002; Blanke er of. 2001] dara regard-
ing triple combinations of all three drugs are stll
relatively scarce, bur results from recent phase 11
studies were encouraging with RR of up to 67%,

median TTP and OS of up to 9.6 and 14.8
months, respecrively [Cao er al. 2009; Comella
er al. 2009; Chiesa er al. 2007; Lee er al. 2007].

Toxicity, however, remains a major concern of
these triple combinarions with high rartes partic-
gdlariy of grade 3 or 4 neutropenia, nausesa/vomir-
ing, diarrhoea, and considerable rates of febrile
neutropenia that make routine use of these sche-
dules difficult [Cao er al 2009; Comella ez al
2009; Chiesa er afl 2007; Falcone er af. 2007b,
2002; Lee ¢t al. 2007; Abad er al. 2004; Cals er al.
2004; Masi er al 2004; Calvo e al 2002;
Souglakos er al. 2002].

Arrernpts have been made to atrenuate roxicity by
dose reduction of the individual drugs or alrer-
nating application of irinotecan and oxaliplatin,
both leading to reduced dose intensity of each
drug. Both strategies were able to improve toler-
ability, but in some trials lowered efficacy to a
level also achievable with two-drug combinations
[Souglakos e @l 2006; Aparicio er al. 2005;
Ferrari er of. 2005].

The aim of this phase 1T study was to maintain
the good tolerability and improve the efficacy of
our previously reported FUFOX regimen with
weekly administrarion of oxaliplatin (50 mg/m?),
24-hour infusion of 5-FU/FA (2000 and 500 mg/
m®, respectively) [Lordick ez al. 2005; Wong ez al.
2003; Moehler er ol 2002; Grothey er of 2001}
by adding weekly administration of irinotecan. In
a preceding phase 1 study, the maximum toler-
ated dose of irinotecan in conjunction with
FUFOX was determined to be 70mg/m”
[Arnold and Grothey, unpublished datal.

Patients and methods

Fatient eligibility

Hisrologically proven mCRC or locally advanced
or merastatic gastric adenocarcinoma {(GC) with-
out option for curatively intended resection; mea-
surable disease; age of at least 18 years, no upper
age limiyy Karnofsky Performance Score >80%;
life expectancy of at least 3 months; no prior
radiotherapy or chemotherapy except for adju-
vant therapy with flucropyrimidines alone, com-
pleted at least 6 months before study entry; no
further malignancy except for nonmelanoma skin
cancer or m stru cervical carcinoma; adequate
bone marrow, hepatic, and renal function
{defined as white blood cell count (WRC) >3/
nl, haemoglobin > 6.2 mmol/l. platelets > 100/nl;
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bilirubin < 1.25 x upper limit of normal (ULN},
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) =2.5 x UULN; or
bilirubin < 1.5 x ULN, ALT and AST<5x
ULN in patents with liver merastases; serum
creatinine < 1.25 x ULN).

Parients were excluded from the srudy for the
following reascons: inflammatory bowel disease
or chronic diarrhoea requiring trearment; total
colectomy or ileostomy; bowel obstruction or
subgcbstruction; uncontrolled metabolic disorders
or acrive infections; uncontrolled cardiac arrhyth-
mias; uncontrolled congestive hearr failure or
severe ischaemic hearr disease; acute myocardial
infarction within the last 6 months; history of sig-
nificant neurologic or psychiatric disorders that
could interfere with study rearment:; pregnancy,
breast feeding or lack of adequare contraception
in women of childbearing potental (WOCBP) or
men having unprotected sexual intercourse with
WOCBP; sympromaric brain metastases; sensory
neuropathy > grade 1; participarion in another
clinical trial within 4 weeks before initation
of treatment.

The study was conducted in accordance with the
Declaration of Helsinki 1996 and Good Clinical
Practice Guidelines. Patients were informed
about the investigational nature of the study

nd provided their written informed consent
before registration onro the study.

Aims of the trial and study endpoints

This was an exploratory phase II to assess the
feasibility and efficacy of the FUFOXIR] regimen
in parienss with mCRC and GC. The aim was to
accrue a total of 20 evaluable partients, 10
patients with mCRC and 10 patients with GC.

The primary endpoint of the study was PFS.
Secondary endpoints were (5, safety and
rolerability.

The studv was offered to eligible patients
reviewed in the outpanent clinics of the
University Hospital Halle berween March 2002
and October 2005.

refreatment evaluation
Patients were required to perform baseline ima-
ging workup by CT scan of the chest, abdomen,
and pelvis within 4 weeks before inination of
freatment.

A screening visit had to take place within 1 week
prior 1o start of chemotherapy including a com-
plere medical hisrory, physical examination and a
blood sampie for differential blood cell count and
routine blood biochemisiry.

freatment

Chemotherapy started with 1 hour intravenous
(iv) infusion of irinotecan 70 mg/m~/60 min, fol-
,owed by oxaliplatin 50 mg/m”® and FA 500 mg/
m” iv over 2 hours via two different iv lines. 5-FU
at a dose of 2000 mg/m” was administered as
continuous infusion over 24 hours. All agents
were given on days 1, 8, 15, 22 and were repeated
tfrom day 36.

To prevent cholinergic syndrome, 0.25mg of
atropine was injected subcuranecusly prior to iri-
notecan administration. Anriemeric prophylaxis
was performed by iv administration of 5-HT3
antagonists and 8 mg of dexamethasone.

In case of diarrhoea, patients were advised to
increase oral fluid intake and start oral medica-
ton with 4mg of loperamide followed by 2mg
every 2 hours untl normalization: of the stool. If
diarrhoea persisted >24 hours or was accompa-
nied by nausea and vomiting or fever »>38°C, the
patient was hospiralized if indicated.

Toxicity was evaluated after each course accord-
ing to NCI Common Toxicity Criteria (CTC)
version 3.0. Chemotherapy was posiponed in
the case of persisting nonhaemarologic roxic-
ity > grade 1, excepr for alopecia and asthenia,
or in the case of haematologic toxicity > grade
2. Treatment was applied until disease progres-
sion, unacceptable toxicity or patient consent
withdrawal.

Dose modifications

In the case of grade 3 or 4 diarrhoea, doses of
irinotecan and 5-FU/FA were reduced by 25%.
At the presence of grade 3 or 4 mucositis or
hand—foot syndrome, 5-FU/FA was reduced by
25% If patients developed sensory neuro-

olutmn to grade ¢ or 1.

If treatment was delayved due ro leukopenia or
thrombocytopenia for >1 week, doses of all, iri-
norecan, oxalipaltin and 5-FU/FA, were reduced
by 259% each.
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Fatient svaluation

Dhuring treatment a complete blood cell count
and white cell differential were performed every
week prior to chemotherapy administration and
blood biochemistry and urine analysis were done
as clinically indicated, bur at least every 2 weeks.

Tumour response was assessed every two cycles
(10 weeks) by CT or MR imaging and evaluation
according to RECIST version 1.0 [Therasse er al.
2000] by an independent radiologist. If a com-
plete or partial response (CR or PR, respectively)
was detected, it had to be confirmed in a subse-
quent scan ar least 28 days larer.

If there was no evidence of pulmonary or abdomi-
nal metasrases, a chest X-ray or abdominal ultra-
sound, respectively, was performed every 6 months
to test for potental new tumour manifestations.

PPS and OS5 were calculated as the interval
berween initiation of treatment and detection of
progressive disease {(PI3) or death, respectively.
Duration of response was determined as the
time from first assessment of response until
observarion of PD,

Resulls

oz
Twenty-two patients were included in this single-
centre study, 11 each with mCRC and GC.
Demographic data were similar in both groups
(see Table 1).

ient characteristi

The majority of the mCRC patients had meta-
static disease at the wume of diagnosis (7/11,
64%), two patients each with metachronous
CRC mertastases were initially diagnosed with

Tabie 1. Patient characteristics.

stage IIR and stage 111 disease, all had previously
been treated with adjuvant 5-FU/FA, and had
relapsed wirh liver metastases 8, 14, 20 and 22
months afrer their initial diagnosis, respectively.
One mCRC patient also had lung metastases at
the rime of relapse.

The predominant site of merastaric disease was
the @iver in both mCRC and GC patients {11/
11==100% and 8/11=273% of patients, respec-
tvely), followed by lung mertastases for mCRC
patients (2/11=18%) and peritoneal metasrases

One mCRC partient had synchronous metastases
at the liver, lung and bone.

Altogether, 82 cycles of FUFOXIRI were admin-
istered in this study with a median of 4 cycles per
patent {range: 1—8& cycles).

Treatment toxiciy

There were 21 parients evaluable for toxicity: for
one patient safety data were incomplete due to loss
of followup. There was no toxic death, serious
adverse event (SAE), neutropenic fever or grade
4 toxicity. All patients were treated in an ourpa-
rient setting, no hospitalizarions were required.

Main grade 3 toxicities were diarrhoea and neu-
tropenia which each occurred in 5/22 =23% of
patients. An overview of the toxicity profile is
shown in Table 2.

Dose delays due to toxicity were performed in 12/
22 =55% of cases; dose reductions due to treat-
ment side effects were required in 10/22 = 46% of
all and in 12/20=60% of patents having
received at least two cycles of FUFOXIRIL

hitp:/fiany.sagepub.com
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Table 2 Toxicity profile of S-flusrouracil/folinic
acid/oxaliplatinfirinotecan {(FUFOXIRIL

Efﬁuacy assessment was performed In an
intent-to-treat analysis. Tumour response was
evaluable in 18 of the 22 patients, in 3 patients
with GC and 1 patient with mCRC vahd
response data could not be ascertained.

The overall RR was 10/22 (46%, all PR),

accounrting for 6/11 (55%) and 4/11 (36%) of

patients with mCRC and GC, respectively.

I each group, a further 4 patients (36%) achieved
stable disease {(SID) as their best response.
Remarkably, no disease progression occurred
during the first 10 weeks of trearment with
FUFOXIRI

Median response duration (RD) was 7.5 months
in all patients with 8.0 months and 6.5 months
for partients with mCRC and GC, respectvely.

Median PFS was 9.5 months for all, 10.0 and 8.0
meonths for patients with mCRC or GC, respec-
tively. The median OS for all patients was 16.5
months, 18.0 months and 15.0 months for
patients with mCRC and GO, respectively
(Figure 1),

Efficacy data are summarized in Table 3.

Subseguent treatment

None of the padents enrclled on this trial
underwent secondary resecron of tumour
metastases.
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Figure 1. Overall  survival [black tnel and
progression~free survival {red line} of ail patients
after 5-flusrouracii/felinic acid/oxaliplatinfirinctecan
(FUFOX%REL

Table 3. Efficacy of B-fluerouracil/folinic acid/oxali-
platin/irinotecan {FUFOXIRI} in an intention-to-treat
analysis.

All parients underwent subsequent systemic
treatment as outlined in Table 4.

The large majority of mCRC patients received
the epidermal growrh factor receptor (EGFR)
antibhody ceruximab as well as the wvascular
endothelial growth factor (VEGE) antibody bev-
acizumab with subsequent treatment lines.

Five patients with GC were subsequently rreated
on an in-house phase II trial with bevacizumab,
capecitabine and miromvcin-C  (BECAM)
[Peinert er al. 2006].

Discussion

The amm of this trial urilizing weekly 3-FU/FA,
irinotecan and oxaliplatin in the FUFOXIRI
regimen was 16 maintain good tolerability while
obtaming comparably high efficacy in the treat-
ment of mCRC and GC, as had been shown
for other administrarion schedules of this triplet
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Table 4. Characterisation of subsequent treatments of patients following study treatment with
oxatiplatin/5-flusrouracii/fotinic acid/irinotecan {FUFOXIRIL

combinarion. However, most of the previous
studies achieving high RRe and durations were
complicated by significant toxicity, particularly
high rates of grade 3 or 4 neurropenia, diarchoea
and nausea/vonyring jeopardizing the pallia-
tive effect of efficient antitumour activity
[Caoc er &l 2009; Comella er al 2009; Chiesa
er al. 2007; Lee er al 2007; Souglakos er al
2006, 2002; Abad er al. 2004; Cals er al
2004; Masi er all 2004; Calvo e af. 2002;
Falcone er al. 20021,

The weekly doses of the FUFOXIRI regimen
administered in this study were 70 mg/m?® of iri-
notecan, 50 mg/m® of oxaliplarin, 2000 mg/m” of
5-FU and 500 mg/m® of FA. This combination
was given weekly for 4 weeks, followed by 1
week of pause.

The efficacy achieved in cur small cohorts of
patients was comparable to the results of previous
studies with triplet combinartions: the response
rate for patients with mCRC was 55%, which 1s
within the range of the previously reported RE of
23-78% with different schedules of 3-FU/FA,
irinotecan and oxaliplatin [Masi er al 2008,
2004; Falcone er al. 2007a,b, 2002; McWilliams
er al. 2007; Souglakos er al. 2006, 2002; Aparicio
et af. 2005; Ferrari er al. 2005; Seium et al. 2003;
Abad er af. 2004; Cals et ol 2004; Reina er ol
2004; Calvo er af. 2002].

In terms of survival, the FUFQOXIRI regimen
resulted m a PES of 10 months for the mCRC
patients, which compares favourably with the
results from previcus studies reported in the lit-
erature (range 6.2—14 months). The OS of
mCRC patients in owr study was 18 months
which is in line with most previous trials using
triplet combinations. However, in some phase II
studies, the (38 was considerably longer, ranging
betrween 24.5 and 28.5 months [Seium er al

Falcone er al. 2002]. In the two randomized
phase III trials published so far, both comparing
FOLFIRI with FOLFOXIRI, the OS in the trip-
let combinanion arms were 21.5 and 22.6
months, respectively, and therefore appears supe-
rior to the results of our small cohort of mCRC
patients, even though at the price of increased
haematologic toxicity [Falcone er al 2007b;
Souglakos er al. 2006].

For GC patients, four phase II studies have been
published in recent vears that report remarkable
actvity of triple-drug combinations of 53-FUJ,
irinotecan and oxaliplatin with RR of 33—-67%,
PES and OS of 7.3-9.6 months and 10.2—-14.8
months, respectively [Cao er 2/ 2009; Comella
et al. 2009; Chiesa er al. 2007; Lee er al. 2007},
In the treatment of GC, with the limutation of
small patient numbers, our results with the
FUFOXIRI regimen are in line with the reported
data, revealing a RR of 36%, and PFS and GS of
£.0 and 15.0 months, respectively.

In the above-mentioned studies reporting high
efficacy with triplet combinarion regimens that
seem to be superior to FUFOXIRI art least in
mCRC, irinotecan and oxaliplatin were either
both administered on the same day and repeated
after 2 weeks [Cao er al. 2009; Chiesa er &/, 2007;
Falcone er al 2007a,b, 2002; Lee e al 2007,
Masi er al. 2004; Calve er al 2002} or there
was a weekly schedule with alternatng applica-
tion of irinotecan and oxaliplatin [Aparicio er al.
20053; Ferrari er al. 2005; Seium er al. 2005; Cals
er af. 2004}, In both types of regimens, the doses
of the individual drugs were higher than those
applied in weekly administration. This seems to
be an imporrant factor for efficacy as dose density
in the weekly schedule of FUFOXIRI is compa-
rable or even higher.

Particularly in the earlier trials with triple combi-

2003; Cals e al. 2004; Masi e al. 2004; natdons of 5-FU/FA, irinotecan and oxaliplatin,
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improvement of efficacy was ar the expense of
higher toxicity. Excessive rares of grade 3 or 4
neutropenia and diarrhoea in up to §6% and
45% of patients, respectively [Calvo er af. 2002;
Falcone er @l 2002) and considerable rates of
febrile newtropenia of up to 15% of patents
have been reporred [Abad er al 2004; Cals
et al. 2004; Masi er al. 2004; Calvo er al. 2002;
Falcone er al 2002; Socuglakos ez af 2002}
However, the rate of severe diarrhoea in the
wo randomized studies comparing FOLFIRI
with FOLFOXIRI (20% and 27.7%, respec-
rively) appear comparable to that reporred in
the present trial (24%) [Falcone er al 2007b;
Souglakos er af. 2006].

Of note, in several of the above-menuoned wials,
cases of toxic deaths were recorded [McWilliams
er af. 2007; Reina er af. 2004; Calvo ¢ ol 2002},
and in one of these studies led to early suspension
of the twial [McWilliams ez af. 2007]. This is nort
acceptable In a serting where the trearment
remains palliative for the majority of patients.

With weekly administration of lower doses of
each drug i the FUFOXIRI regimen, we were
able ro completely abrogate any life-threatening
toxic events: In this study, no treatment-related
death, serious adverse event or grade 4 toxicirty
occurred.

Diarrhoea and neutropenia, two of the most
commeon side effects of triple-drug combinations,
each occurred at a rate of 24% grade 3 and none
of the patients had febrile neutropenia.

The improved toxicity profile of the FUFOXIRI
regimen may in part be due to the lower daily
doses of each drug. In addition, 60% of all
patients who received two or more cycles of
FUVPOXIRI experienced dose reductions during
the course of their therapy.

Moreover, our patient population with a2 median
age of 56 vears was relatuvely yvoung. Elderiy
patients >65 vears of age have been shown to
respond less well 1o FOLFOXIRI and experi-
enced more toxicity which seems to make
triple-drug combinarions less suitable for this

patient cchort [Vamvakas ez o/, 20091

The strategy of weekly administrationn of chemo-
therapy in order 10 reduce toxicity has alsoc been
applied with the dual-drug combination of 5-FU/
FA and oxaliplatn, ie. the FUFOX regimen.

As vyet, there i3 no direct comparison of
FUFOX with the standard of 2-weekly regimens,
e.g. FOLFOX-4. Cross-trial comparisons, how-
ever, of grade 3 or 4 roxicities suggest that there
are lower rates of neutropenia with weekly
administration: of 5-FU/FA and oxaliplatin with-
our 5-FU bolus [Tournigand ez . 2006; Grothey
et al. 2001: De Gramont et af. 2000; Buechele
et af. 1998]. This also appites when FOLFOX
or FUFQOX are combined with cetuximab, a
monoclonal EGFR antibody [Arnold e al
2008; Tabernero er &f. 2007].

Another way of trying to reduce the roxicity of
triple-drug combinations is the alternating admin-
istration of irinotecan and oxaliplatin. As ver,
there are no results from phase 111 studies in the
treatment of mCRC available applving this strar-
egy. There are four phase I studies published
providing toxicity as well as survival datma
[Aparicio er al. 2005; Ferrari er al. 2005; Seium
et al. 2005; Cals er al. 2004]. ese have shown
promising efficacy results that seem to be superior
ro those of dusl-drug combinations with RR up to
78% [Seium er af. 2005] and median PFS and OS
of 9.5-13 and 18-26.1 months, respectively,
in the trial of Ferrari and colleagues, the occur-
rence of severe toxicities was remarkably low (8%
of neutropenia being the most conumon), proba-
bly due to relatively low cumulative drug doses in
the schedule used [Ferrari er ol 2005]. In the
study by Cals and colleagues, however, grade 3
or 4 neutropenia occurred at a frequency of 41%
of which almost 6% were complicated by fever
[Cals er al 2004]. An explanation for this
enhanced toxicity may be the relarively high
doses of weekly 5-FU used in this trial.

Not surprisingly, a similar toxicity profile was rec-
orded when the triple-drug combination
FOLFOXIRI was administered for the treatment
of patients wirth mertastatic GC. Again, (febrile)
neutropenia and, in this case, nausewx/vomiting
and asthenia besides diarrhoea were the dose-
limiting toxicities [Cao er ¢/ 2009; Comella er al,
2009; Chiesa ¢r af. 2007; Lee er af. 2007].

Even though for patients with GC that have dis-
tant metastases, there 18 no evidence for a cura-
rive treatment option [Sastre er ¢f. 2006; Wagner
et al. 2006; Wong er /. 2003}, active chemother-
apy does play an important role. First, in parients
with metastatic disease, S can be prolonged sig-
nificantly [Sastre e af. 2006; Wagner ¢z al. 2006;
Wong er al 2003]. Second. for patients with
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inttially resectable GC, Cunningham and collea-
gues were able to show that, in addition to pro-
longing PFS, perioperative chemotherapy seems
to improve the chances for long-term survival and
cure [Cunningham er ¢/ 2006]. The trearment
for this patient population was a triple-drug com-
bination of epirubicin, cisplatin and 5-FU, one of
the current standard treatment options for GC
[Cunningham ez ol 2006; Wagner er ol 2006].
As indicated asbove, the administration of oxali-
platin tends to resudt in improved efficacy com-
pared with cisplatin when combined with a
fluoropyrimidine and epirubicin in the trearment
of advanced oesophagogastric cancer. In a large
randomized phase 111 trial with two-by-two ran-
domirzarion, triple-drug combinations of epirubi-
cin with either oxaliplatin or cisplatin and 5-FU/
FA or capecitabine were compared (EOX, ECX,
EQOF, ECF). The EGX regimen resulted in sig-
nificantly superier OS of 11.2 months compared
with the other three-drug combinations while
providing a similar or better rtoxcity profile
[Cunningham er al. 2008].

An alternative three-drug regimen for GC is the
combinarion of docetaxel, cisplatin and 5-FU/FA
(CF). In a large prospective randomised phase
111 trial with 445 patientss, DCF was shown to
improve RR, TTP and OS compared with CF
alone. However, DCF was associated with signif-
icantly more grade 3/4 toxicities than CF, partic-
ularly the rares of neutropenia and complicared
neutropenia were excessively high (82% and 29%
versus 57% and 12%, respectively) [Van Cursem
er al. 2006]. Despite the enhanced roxicity of the
triple-drug regimen, the superior antitumoar
acrivity of the DCF treatment resuited in overall
clinical benefit for GC patients as compared with
patients receiving CF [Ajani er al. 2007].

In the treatment of mCRC, the improvement of
treatment efficacy is no longer restricted to mod-
ifications of the chemotherapy regimen alone.
Another option to improve outcome that has
already become standard of care is the additnon
of immunologically targeted therapies. Bevacizu-
mab, a monoclonal antibody against VEGE, is
active in combination with fluoropyrimidines,
oxaliplatn and irinotecan and is included in stan-
dard first-line therapy regimens for mCRC
[Hochster er al. 2008; Saltz er o/ 2008; Hurwitz
et al. 2005, 2004].

A recent report from a phase I study combining
5-FU, irinotecan, bevacizumab and oxaliplatin

revealed an impressive RR of 80% translaring
into 6% of secondary metastatic resections, 18%
amongst the patients with liver mertastases only.
The TTP and OS of 12 and 25 months, respec-
tively, were simitlar to the resulrs achieved with
triple-drug chemotherapy alone [Santemaggio
er al. 2009]. Another phase II study with 40
mCRC patents combined the previously reported
FOLFOXIRI regimen [Falcone er af 2007a,b]
with bevacizumab Smg/kg day 1 every 2 weeks.
The profile of reported grade 3/4 toxacities was
similar to that seen with FOLFOXIRI alone
apart from the typical bevacizumab toxicities
such as arterial hypertension and deep venous
thromboses which occurred at 8% and 5%,
respectively. Twelve percent of patients experi-
enced grade 1 bleeding. The RR of 76% is quite
promising: neither median PES nor O3 have been
reported vet [Falcone er af. 2008].

In the necadjuvant setting, a phase I study of
capecitabine, oxaliplatin and bevacizumab for
CRC patients with potentially resectable liver
metastases reported a favourable RR of 73%
and improved outcome for responding patients
[Gruenberger er al. 2008].

The other biologic agent that kas become a com-
ponent of standard treatment for mCRC iz the
EGFR antbody, cetuximab. The efficacy data
and particularly the response rates reported
from phase II studies for the combination of
ceruximab with 5-FU/FA and oxaliplatin are
among the highest ever reported in the trearment
of mCRC [Arnold er al. 2008; Tabernero er al
2007]. In the study by Tabernero and colleagues,
the RR of 78% enabled 23% (10 out of 43) of the
patients with previously unresecrable metastases
0 undergo curarively intended surgery. However,
these favourable results could not be confirmed
te the same extent in larger phase I studies of
cetuximab in combinaton with 5-FU/FA and
oxaliplatin (FOLFOX-4 & cetuximab} or irinote-
(FOLFIRI £ cetuximab) which reported
overall RR in the cemuximab arnis of 46% and
46.9%, respectively. The smaller oxaliplatin-
based study failed to show an improvement in
PFS for the patients receiving cetuximab whereas
the larger irinotecan-based 1irial revealed
improvement of PFS but nor OS for patients
receiving FOLFIRI plus cetuximab. The benefit
by the addition of cetuximab was confined to
patients with wild-type k-ras oncogene in both
studies [Bokemever er gl 2009; Van Cutsem
er al. 2009a].

can

CSPC-Basdhibhit-1.1.1.1
OO UTTATIIUIT T TTT
hitp:/fiany.sagepub.com Page 192 of 399 169



Therapeutic Advances in Medical Oncology 2 (3]

Taken together, the important role of effective
chemotherapy in mCRC as well as GC is well
established, and rhe FUFOXIRI regimen with
weekly administration of 5-FU, oxaliplatin and
irinetecan is one of the most promising combina-
tions as it provides the high antitumour activity of
g triple-drug regimen while avoiding excessive
oxicity as chserved with alternative three-drug
regimens such as DCF for GC or FOLFOXIRI
or XELOXIRI in the case of mCRC. This s par-
ticularly imporiant for the design of future stu-
dies combining triple-drug regimens with
bioclogic agents in order to define the most
active treatment regimen for mCRC or GC cur-
rently available.
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Product Background

Many new formulations improve the approved drugs, such as Doxil and
Abraxane, and these “me betters” have achieved significant markets over the
parent drugs. PEPO2 is a novel nanoparticle liposome formulation of irinotecan.
Irinotecan HCl (Camptosar®) is a broad spectrum anti-cancer cytotoxic drug
approved for the treatment of colorectal cancer, and the annual sales
approached USD 1 billion in 2008. However, its dose limiting toxicities often
result in serious side effects, such as late onset diarrhea and
myelosuppression which prevent it from being explored for better anti-tumor
efficacy. Regardless, irinotecan is a valuable backbone to which to deliver
targeted agents, such as anti-VEGF or anti-EGFR for prolonged overall
survival. PharmaEngine licensed a bench scale PEP02 from Hermes
Biosciences, Inc. (South San Francisco, CA) which was acquired by Merrimack
Pharmaceuticals, Inc. (Cambridge, MA).

Intellectual Properties

Patent applications for composition of matter and method of PEP02 have been
filed in major countries in North America, Europe and Asia.

Chemistry and Manufacturing

Irinotecan is a water-soluble semi-synthetic derivative of camptothecin.
PEPO2, a liposome formulation of irinotecan, using a modified gradient loading
method with sucrose octasulfate was described by Drummond et al. (Cancer
Res. 66: 3271-7, 2006). The manufacturing process and product were audited
and approved by a Qualified Person (“QP”) in the UK. The QP declaration is
required for conducting clinical studies in Europe.

Preclinical Development

A series of pharmacology, pharmacokinetics and drug metabolism, as well as
toxicology and toxicokinetics studies were performed with PEPO2 and CPT-11.

Pharmacology studies were conducted in xenograft mouse models of human
breast, ' gastric, colon, cervical, brain, pancreatic, and lung cancers in
comparing the efficacy of CPT-11 and PEPO2 alone or in combination with 5-FU
or cisplatin. PEP0O2 showed 3-10 fold better efficacy than CPT-11 without
causing irreversible body weight loss. PEPO2 in combination with cisplatin or
5-FU also showed more than additive effects than PEPO2 alone.

Pharmacokinetic and plasma/tissue distribution profiles of PEP02 or 14C-PEP02

CSPC Exhibit 1111
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in normal mice, rats and dogs, as well as in tumor bearing mice were
investigated. In summary, the pharmacokinetics studies showed that the
formulation of PEPO2 met the characteristics of liposome drug of long
circulation time, slow clearance, small volume of distribution and high tumor
tissue distribution.

Toxicology and toxicokinetics of PEP02 and CPT-11 were investigated in rats
and dogs either as single dose, weekly for four weeks, or every three weeks
per cycle for 6 cycles. Although rats and dogs dosed with PEP02 had much
higher systemic exposure of CPT-11 and SN-38 (active metabolite) than those
in the CPT-11 group, the tolerability and toxicity of PEP02 were better or at
least no worse than those of CPT-11. No accumulation of PEP0O2 in the plasma
was detected upon repeat dosing.

Clinical Development

Irinotecan has shown efficacy in colorectal, gastric, lung, brain, uterine
cervical and ovarian cancers. In the pre-clinical and phase I clinical studies,
PEPO2 demonstrated the potential in colorectal, gastric, pancreatic, brain,
lung, breast, and cervical cancers. Clinical development of PEP02 will focus on
the treatment for unmet needs in gastric and pancreatic cancers, and
substitute irinotecan in colorectal, lung and brain cancers. We will select one
or two indications to proceed to phase II or III trials in 2011.

Market forecast

Irinotecan HCI (Camptosar®) is a broad spectrum anti-cancer cytotoxic drug
approved for the first and second line treatments of colorectal cancer, the
annual sales approached USD1 billion in 2008. However, its dose limiting
toxicities often result in serious side effects, such as late phase diarrhea and
myelosuppression which prevent it from being explored for better anti-tumor
efficacy. PEP02 (liposome irinotecan) target indications include gastric,
pancreatic, colorectal, lung, and brain cancers. Currently, three completed
phase I clinical trials showed that PEP02 has potential to become a better drug
than irinotecan, in particular PEP0O2 can be a good backbone in combination
with targeted therapies. The estimated market size is over USD1 billion for the
global market.

Advantages of PEPQ2

Drug Itself
€ Irinotecan is an efficacy-proven drug in several indications with extensive
market size. Target therapies (e.g., Avastin, Erbitux) have to combine
with irinotecan for better efficacy.
CSPC Exhibit 1111
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€ PEPO2 is a creative and improved liposome formulated irinotecan with
patent protection.
€ Stable formulation and efficient manufacture has been set up.
Plan and Strategy
¢ Comprehensive non-clinical data are available to support clinical
development.
@ A series of clinical studies covering various potential indications is in the
development plan and has been preliminarily discussed and concurred by
the major regulatory authority (US FDA).
@ Global clinical development has been incorporated from early clinical stage.
@ Collaborated with internationally recognized advisors and investigators.
Our Data
€ Pharmacokinetic profile has improved with lower Cmax & higher AUC of SN-
38 as compared to that of irinotecan arm.
& Efficacy
- Better efficacy has been shown in the phase II gastric cancer study
than irinotecan

- Promising efficacy in the ongoing phase II metastatic pancreatic
cancer study

- Tumor responses were still observed in patients who have failed
several prior chemotherapy regimens

€ Pharmacogenetic database are built in parallel with clinical database.

Differentiation from Competitors

€ PK and efficacy data are superior to other formulations of irinotecan or SN-
38.

& Major competitors focus on CRC which is a relatively crowded field, but
PEPO2 has overall registration strategy in target tumor types with niche
cancer markets (gastric, pancreatic, lung, etc.).

References

> Chen L, Chang T, Cheng A, Yang C, Shiah H, Chang J, Yeh G. Phase I study
of liposome encapsulated irinotecan (PEP02) in advanced solid tumor
patients.] Clin Oncol 26: 2008 (May 20 suppl; abstr 2565)

> Drummond DC, Noble CO, Guo Z, Hong K, Park JW, Kirpotin DB.
Development of a highly active nanoliposomal irinotecan using a novel
intraliposomal stabilization strategy. Cancer Res. 2006, 66: 3271-7

> Hann B, Peth K, Wang D, Gysin S, Li S, et al. Lipidic nanoparticle CPT-11 in
a bioluminescent orthotopic pancreas cancer model. 98th AACR annual
meeting, Abstract #5648, 2007

> Noble CO, Krauze MT, Drummond DC, Yamashita Y, Saito R, Berger MS,
Kirpotin DB, Bankiewicz KS, Park JW. Novel nanoliposomal CPT-11 infused by
convection- enhanced delivery in intracranial tumors: pharmacology and
efficacy. Cancer Res. 2006, 66: 2801-6
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treatment with Nanoliposomal CPT-11 is efficacious in intracranial tumors.
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PharmaEngine, Inc., @ 16F, 237 Sung-Chiang Road, Taipei, Taiwan 104 & 886 2 251538228
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BACKGROUND
« Liposomal irinotecan (ONIVYDE®, ONIVYDE pegylated liposomal) encapsulates
the topoisomerase 1 inhibitor irinotecan in a lipid-bilayer vesicle, leading to
prolonged circulation compared with the non-liposomal form.?
» Liposomal irinotecan is being investigated as a second-line (2L) treatment for
patients with small cell lung cancer {(SCLC) in the ongoing RESILIENT study
(NCTO3088813).

OBJECTIVES

METHODS

Study design and popuiation

« Part 1 of RESILIENT was an open-label, single-arm study comgprising dose-
exploration and dose-expansion phases.

« Adulls (aged = 18 years) were eligible for inclusion if they had SCLC that had
progressed with first-line platinum-based therapy, had an Eastern Cooperative
Oncology Group Performance Status of 0 or 1, and had adequate organ function;
prior exposure to immunotherapy was parmitied, |

Tragtiment reghivien and PR sampling

+ Liposomal irinotecan (70 or 85 mg/m? free base) was administered intravenously
over 80 minutes every 2 weeks in a 8-week cycle.

-~ Patients were {freated for a minimum of three cycles or until progressive disease
or unacceptable toxicity.

« Seven PK samples were scheduled per patient.

- Cycle 1: day 1 (pre dose, at the end of the liposomal irinotecan infusion and then
2 h and 24 h post infusion); day 8 (any time of day); day 15 {pre dose)}.
- Qycle 2: day 22 (any time of day).

CSPC Exhibit 1111
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Fopuiation PX analyses
» PK parameters for total irinotecan and its active metabolite, SN-38, after liposomal
irinotecan administration, were estimated using non-linear mixed-effects modelling.

— A population PK model was used that had been developed previously using
data from seven studies of liposomal irinotecan, including patients with various
tumour types {N = 440).2

- Here, the model was updated to include patients with SCLC using data from
RESILIENT part 1.

«  Assessment of model adequacy was based on the uncertainty of parameter
estimates and advanced evaluation methods (e.g. a visual predictive check).

—{ Interindividual variability was examined using potential covariates including
patient demographics and UGT1A1*28 genotype status.

— Derived PK parameters were computed by dose from individually predicted
PK profiles.

RESULTS
Study popuiation
» As of 2 December 2018, a total of 30 patients had received liposomal irinotecan
(70 mg/m?, n = 25; 85 mg/n?, n = 5), four of whom had a UGT1AT1Y28*7/7
homozygous genotype.

Fopidation PR modsiiing

» Dose- normahzed piasma concentration-time profiles of total irinotecan and SN-38
are shown in Figurs 1.

+ The PK of totai trmotecan is described by a two-compartment mode! with first-
order elimination, and SN-38 is formed directly by a first-order constant from the
cemra! campar‘zmem of liposomal irinotecan or after using a transit compartment

« Des‘ived PK parameters for total irinotecan and SN-38 are summarized in

° Parameter estimates based on the updated model are shown in Tahis &,

» UGT1AT1™ 28717 homozygous status did not have a ssgmf;cant stat stical impact on
SN-38 clearance.
~ Among patients receiving liposomal frinotecan 70 mg/m?, the median average

SN-38 concentration at steady state was 1.44 ng/ml and 1.486 ng/mb in patients
with UGT1AT1Y28%7/7 homoazygous (n = 3) and non-homozygous (n = 22}
genotypes, respectively.

» Model evaluation was satisfactory for total rinotecan and SN-38 (Figurs 3}
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Irinotecan {ugfml}
o
{

8.1+

0.00

Cis of the 3
{3, condidencs interval.

025

050 075 1.00

Time {weeks)

{8}

10~

SN-38 {ngfimi.}

sPresented on @ semidog soale. Solid ines repeserd e chssrvad madian conneabalicns, dushed ines reprssard he
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¥ ¥
0.50 075
Time {weeks}

70 mgim?®
Mean {SD)
CV {%}
Geometiic mean
Geometric
CV {%)
Median {range)

N R R R R

85 mginy®
Mean (SD}
CV {%)
Geometric mean
Geometric
CV {%)
Median {range)
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70 mgim®
Mean (8D
CV (%)
Geometric mean
Geomelric
CV (%}
Median (range}

85 mg/m?®
Mean (8D}
CV %)
Geaometric mean
Geomettic
CV {%)
Mediarn {range)

*One patient had an unreliably estimated {,

AUC, area under the plasma concentration~iime curve; T, average plasma concenbyation; C,,,, maxiaum plasma
concentration: C,,, minimum plasma concentration; CV, soefficient of variation; PK, pharmacckinetics; SD, standard
deviation; ss, sieady siate; {,, baif-life.

{rinotecan total clearance {Liweek)
Asian race
Manufacturing site
Gender
Irinotecan central volume (L)
BSA
Manufacturing site
Gender
Fraction of :delayed irinotecan total rate of
elimination
Manufacturing site
Fraction of direct irinotecan total rate of
elimination
irinotecan intercompartmental clearance
{Liweek}
Irinotecan peripheral volume {L}
SN-38 total clearance {Liweek)
Bilirubin
Creatinine clearance
Gender
Rate of transformation after delay {1/week)

CSPC Exhibit 1111
5 Page 219 of 399



Between-subject variability
irinotecan lotal clearance
irinotecan central volume
Fraction of delayed irinolecan total rate of
elimination
Fraction of direct irinotecan total rate of elimination
SN-38 total clearance
Rate of ransformation after delay
Correlation between rinotecan total clearance and
fraction of direct fransformation
Caorrelation between irinotecan tolal clearance and
central volume
Correlation between rinotecan central volume and
fraction of direct fransformation

Residual error
Proportional error o kinotecan
Propottional error on SN-38
Correlation between irinotecan and SN-38 errors

*hodet based on data from 440 patients with vatious tumour types in seven studies ? with the addition of data from
30 patients with SCLC in the RESHIENT study. "Values obtained as {1 + xj, where «is the point estimate,

gil, bifiruhin; BSA, body surface area; CRCL, creaiinine clearance; corm, cotrelalion; CV, ccefficient of variation;
PK, pharmacokinetics; RSE, relative standard error; SCLC, small calf lung cancer.

CONCLUSIONS

References

1. Drummond O ef al. Cancer Res 2006,88:3271-7.
2. Macarulia T et al. Ann Oncol 2019,30{Suppl 53 v253-v324.
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Background: To assess the antitumour activity and safety profile of irinotecan and its pharmacokinetic
interactions with anticonvulsants in patients with glioblastoma multiforme.

Patients and methods: This multicentre phase II and pharmacokinetic study investigated the effects of
irinotecan 350 mg/m” given as a 90-min infusion every 3 weeks either prior (o (group A) or alter relapse
following radiotherapy (group B) in chemotherapy-naive patients with glioblastoma. Preferred concomitant
medication for seizure prevention was valproic acid. Pharmacokinetic analysis of irinotecan and its main
metabolites (SN-38, SN-38-G, APC and NPC) was performed during cycle 1. Anindependent panel of experts
reviewed the activity data.

Results: Filty-two patients (25 patients in group A and 27 palients in group B) received a total ol 191 cycles
of irinotecan. Forty-six patients (22 patients in group A and 24 patients in group B) were evaluable and
externally reviewed for activity. According to external review, one partial response (group B), seven minor
responses (three in group A and four in group B), 12 disease stabilisations (seven in group A and five in
group B) were observed. This resulted in an overall response rate of only 2.2% (95% confidence interval 0.2%
to 0.5%). The median time to tumour progression was 9 weeks in group A and 14.4 weeks in group B. Six-
month progression-free survival rates were 26% in group A and 43 % in group B. Grade 3—4 toxicities (percent-
age of patients in groups A and B) consisted of neutropenia (12.5% and 25.9%), diarrhoea (8.3% and 7.4%),
asthenia (12.5% and 7.4%) and vomiting (0% and 7.4%). The clearance of irinotecan was 12.4 and 14.4 1/h/m?
in two patients who received no anticonvulsant. In patients receiving valproic acid, the clearance of irinotecan
was 17.2 + 4.4 /h/m>.

Conclusions: Irinotecan given at the dose of 350 mg/m” every 3 weeks has limited clinical activity as a single
agent in patients with newly diagnosed and recurrent glioblastoma after radiotherapy. The toxicity profile and
plasma disposition of irinotecan and SN-38 were not strongly influenced by anticonvulsant valproic acid
therapy. Although the response rate of irinotecan as a single agent was limited, it remains an attractive drug for
combination studics in paticnts with glioblastoma.

Key words: anticonvulsants, APC, irinotecan, NPC, SN-38, valproic acid

Introduction

Malignant gliomas represent ~60% of primary malignant tumours
of the central nervous system [1-5]. Nitrosoureas (including
BCNU and CCNU) [6-9] and more recently temozolomide [10]
are alkylating agents classically used in patients with glio-
blastoma. However, newer active anticancer agents that have a
different mechanism of action are urgently required to improve
the outcome of patients with gliomas.

Irinotecan has been shown to exert antitumour activity against
several human tumour types and was recently approved in
combination with 5-fluorouracil (5-FU)/folinic acid as first-line

*Correspondence to: Dr Eric Raymond, Department of Medicine, Institute
Gustave-Roussy, 39 Rue Camille Desmoulins, 94815 Villejuif, Cedex,
France. Tel: +33-1-4211-4289; Fax: +33-1-4211-5217;

E-muil: raymond @igr.(r

© 2003 European Sociely for Medical Oncology

chemotherapy for metastatic colorectal cancer [11]. In animal
studies, irinotecan displayed marked autitumour activity against
a broad panel of subcutaneous and intracranial human glio-
blastoma multiforme, cpendymoma and medulloblastoma xcno-
grafts [12—14]. After i.v. injection, irinotecan has a very complex
metabolism that mainly takes place in the liver. Irinotecan can be
converted into two inactive metabolites, 7-ethyl-10-[4-N-(5-
aminopentanoic acid)-1-piperidino]-carbonyloxycamptothecin
(APC) and 7-ethyl-10-[4-(1-piperidine)-1-amino]-carbonyloxy-
camptothecin (NPC), by the CYP3A4 enzyme and into an active
metabolite, 7-ethyl-10-hydroxycamptothecin (SN-38), by carb-
oxylesterase enzymes in the liver [15, 16]. SN-38 is further
metabolised to SN-38 glucuronide {7-ethyl-10-[3,4,5-trihydroxy-
pyran-2-carboxylic acid]-camptothecin (the [3-glucuronide con-
jugate of SN-38) (SN-38-G)} through conjugation by uridine
diphosphate glucuronosyltransferase %%Tﬁ;il)lgft] lsll\i 1158 has
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a low molecular weight and presents lipophilic characteristics but
has shown poor penetration of central nervous fluid (CSF) in
comparison with other camptothecins [18&].

Based on these data, this multicentre phase II study was
conducted to evaluate the antitumoral activity and toxicity profile
of irinotecan administered every 3 weeks in chemotherapy-naive
patients with glioblastoma either previously treated by or not
treated by radiotherapy. Supportive care in the management of
patients with glioblastoma frequently includes use of cortico-
steroids to control cerebral oedema and oral anticonvulsants to
prevent epilepsy. Concomitant medications may modify the meta-
bolism of irinotecan and could affect the efficacy and toxicity
profile of the drug. Valproic acid (2-propylpentanoic acid) is a
frequently used anticonvulsant that is extensively glucuroconju-
gatced with potential intcractions with the disposition of irino-
tecan [19]. In this study, we investigated the pharmacokinetics
and pharmacodynamics of irinotecan and its main metabolites,
SN-38, SN-38-G, APC and NPC, with regard to concomitant
medications (predominantly valproic acid) used during the trial.

Patients and methods

Inclusion criteria

Inclusion criteria were as follows: aged =18 years; histologically confirmed
recurrent glioblastoma multiforme (grade 4 astrocytoma) measurable on con-
trast enhanced magnetic resonance imaging (MR1) performed within 2 weeks
before study initiation; no previous chemotherapy; moderate MRC less than
or equal to two neurological symptoms; and performance stats ranging from
0 to 3. A minimum interval of 3 weeks between prior surgery or 6 weeks prior
radiotherapy and enrolment must have elapsed. Other criteria were neutro-
phils =2 x 10%/1, platelets =100 x 10%1, haemoglobin =10 g/dL, total bilirubin
<1.25 x the institutional upper normal limit (UNL}, alkaline phosphatases and
ASAT <2.5 x UNL: prothrombin time 250% and creatinine <120 pmol/. For
patients with corticosteroids, a stable dose for 20 days was required before
study entry. Exclusion criteria were past or present history of chronic diar-
rhoea, current uncontrolled infection, other investigational drugs, pregnancy
and lactating women of child-bearing age had to take contraceptive measures.
All patients gave written informed consent prior to registration for the study.

Drug administration

Aventis Pharma (Paris, France) supplied irinotecan in 5 ml vials (100 mg of
active product). Irinotecan was diluted in 250 ml (0.9% NaCl) and adminis-
tered as a 90 min i.v. infusion every 21 days at the dose of 350 mg/m? [20].

Two groups of patients were to be successively considered:

« Group A: patients with inoperable or incompletely resected newly
diagnosed radiotherapy-naive glioblastoma received irinotecan prior to
radiotherapy. They were scheduled to receive three cycles of irinotecan
followed by radiotherapy in case of stabilisation or tumour progression.

« Group B: patients relapsing after radiotherapv. Patients in group B were
scheduled to receive up to six cycles of irinotecan, according to the
investigator efficacy assessment.

Radiotherapy consisted of a conformational administration of 50—60 Grays

into the tumour volume given over a period of 67 weeks.

Dose adjustments

Dose adjustment of irinotecan was based on the worst toxicity observed
during the previous cycle. The next cycle was delayed until the neutrophil and

platelet counts were =1500/ul and 2100000/ul, respectively, and treatment
toxicity was fully resolved. If this exceeded a 2-week delay, treatment with
irinotecan was discontinued. In cases of grade 4 thrombocytopenia (grade
3—4 neutropenia lasting >7 days) and febrile neutropenia, the dose of irino-
tecan was reduced to 300 mg/m® and, if necessary, could be subsequently
reduced to 250 mg/m?. Patients were withdrawn from the study if they

required more than two dose reductions.

Concomitant medications

Boluses of methylprednisolone 80 mg with standard doses of ondansetron
were given to prevent vomiting. Atropine (1-2 mg) was administered for
treatment of cholinergic syndromes [21] and then, if necessary, given prophy-
lactically at subsequent cycles. Patients began antidiarrhoeal treatment for
delayed diarrhoea occurring more than 24 h after irinotecan administration
[22]. The prophylactic use of loperamide was not allowed. Patients presenting
with severe vomiting, blood in their faeces or severe diarrhoea after 48 h were
hospitalised. Haematopoietic growth factors were not allowed.

To minimise interaction with the metabolism of irinotecan, patients taking
anti-epileptic treatments were recommended to use valproic acid or carba-
mazepine 2 weeks prior to irinotecan. Valproic acid was given orally at a
daily dose ranging from 20 to 30 mg/kg/day (<60 mg/kg/day). Concentrations
of anticonvulsants were monitored during the study as necessary to maintain
therapeutic levels. Chronic oral administration of corticosteroids was used as
needed with a careful monitoring of doses.

Baseline and follow-up examinations

Patients underwent physical and neurological examination within 2 weeks
prior to entering the study, immediately prior Lo the [irst irinotecan injection
and then at least once before each subsequent drug infusion. Complete blood
cell with differential and platelet counts. serum biochemistry and hepatic
parameters were assessed weekly. Toxicity was graded according to National
Cancer Institute-Common Toxicity Criteria.

Response determination was based on both the comparison of the baseline
brain contrast-enhanced MRI or CT scan done 2 weeks prior to irinotecan
with those performed every two to three infusions. Treatment was discon-
tinued in case of tumour progression, unacceptable toxicity or patient refusal.
Patients were followed-up monthly (MR1 or CT scan every 2—3 months) after
the completion of the study until death.

Evaluation of response to therapy

The primary end point of this study was to assess the anti-tumour activity
according to the criteria of MacDonald et al. [23] and this was reviewed by a
panel of independent experts. Patients were considered evaluable for efficacy
if they had received at least two cycles of irinotecan. In addition to classical
response parameters [23], a minor response was defined as a >25% but a
<50% reduction from haseline in the size of enhancing tumour on either the
CT or MRI scan. Follow-up examinations for tumour evaluation were per-
formed using the same method as that used at baseline. A CT or MRI scan was
performed every two cycles or every three cycles in patients entering groups
A and B, respectively. Partial and minor responses had to be confirmed using
lhe same (echnique, either a CT or MRI scan, after a period of at least 4 weeks
had elapsed since the first onset of response. Tumours were considered stable
if they met the criteria for tumour stabilisation for at least two cycles.

Pharmacokinetic evaluation

Pharmacokinetic analysis was performed during the [irst infusion. Blood
specimens (2 ml heparinised tubes) were drawn 5 min before, 45 min during
and at the end of the infusion, then 1 h, 6 h and 22.5 h after the end of the infu-
sion {4°C). Plasma was harvested immediately by centrifugation at 1200 g for
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Total forms of CPT-11 and its metabolites (SN-38, SN-38-G, APC and
NPC) were assayed using high-performance liquid chromatography with
fluorescence detection as described by Rivory et al. [24], and with slight
modifications [25]. Calibration standard responses were linear. Limits of
quantification in plasma were 10 ng/ml for all compounds. Irinotecan concen-
trations were expressed in free base units for pharmacokinetic analyses.
Irinotecan, SN-38, SN-38-G, APC and NPC plasma concentration data were
analysed by non-compartmental methods. Peak plasma concentrations (C,,.}
were determined for irinotecan, SN-38, SN-38-G, APC and NPC from
concentration—time curves. Areas under the plasma concentration—time
curves (AUCy »4p,) were calculated using the linear trapezoidal rule from time
zero to the last sampling with quantifiable drug concentrations.

Metabolite ratios were calculated as follows:

[AUC, .. (metabolite)/AUC,_.. (irinotecan)] X100 for SN-38,
SN-38-G and NPC;
[AUC, (APCYAUC,

-last sampling

(irinotecan)] x 100 for APC.

—last sampling

The ratic of SN-38 glucurconidation was defined as follows:

[AUC) 1461 sampling (SN-38-GYAUCy 145 sampiing (SN-38)] x100.

Statistical analysis

The primary end point was the objective response rate according to the
expert panel. Secondary objectives were progression-free survival, duration
of responsc and ovcrall survival (Kaplan—Mcicr analysis).

The number of patients in each group was determined by Gehan test with a
type error I (0. = 5%) and a type error 1I (B = 10%) to have a control rate of
20%. For the first stage, 14 patients were enrolled in each group. Regarding
the disease control rate observed on these 14 patients, additional patients
could be included for the second stage. In total, 25 patients per group had to be
enrolled in this study.

The statistical (SAS software, ver. 6.12%) and pharmacokinetic analyses
(WinNonlin; Scientific Consulting, Cary, NC, USA) used non-paramelric
Mann-Whitney and Kruskal-Wallis tests displayed using GraphPad-InStat
3.00%° (GraphPad Software, San Diego, CA, USA). A two-sided value of

P <0.05 was considered significant.

Results
Patient characteristics

A total of 52 patients with confirmed glioblastoma were enrolled
in this study (25 patients in group A and 27 patients in group B).
All patients received at least one cycle of chemotherapy. One
patient withdrew his consent immediately after the first cycle and
was not evaluable for activity and toxicity. Baseline patient
characteristics are summarised in Table 1. Most of the patients
entering this trial had concomitant anticonvulsant therapy that
included valproic acid, carbamazepine, phenytoin and/or pheno-
barbital in 40, seven, four and/or two patients, respectively. Forty
patients had concomitant treatment with corticosteroids at study
entry. Only one patient had neither anticonvulsant therapy nor
treatment with corticosteroids at study entry. Other concomitant
medications likely to interfere with the CYP3A4 metabolism of
irinotecan were registered.

Treatment delivery

A total of 191 cycles were administered (69 cycles in group A and
122 cycles in group B). The median nuinber of cycles were three

605

(range 1-8) and four (range 1-10) in groups A and B, respect-
ively. Short treatment delays (ranging from 3 to 6 days) were
reported in two patients (two cycles) in group A and in seven
patients (eight cycles) in group B. These delays were mainly due
to the scheduling of cycles and were caused by irinotecan toxicity
in only one patient (asthenia). Longer delays (=7 days) were re-
ported in three patients (five cycles) in group A and four patients
(seven cycles) in group B. Longer delays were due to toxicity in
two patients (four cycles). Cycles were given at the dose of
350 mg/m? in 68 cycles (98.6%) in group A and 107 cycles
(87.7%) in group B. Dese reduction to 300 mg/m? irinotecan was
performed for three patients (one in group A and two in group B)
and 14 cycles. The median relative dose intensity of irinotecan
was 0.98 (range 0.83—1.02) in group A and 0.97 (range 0.72—-1.02)
in group B.

Antitumour activity

The antitumour activity of irinotecan in patients with glio-
blastoma was evaluated using CT scans and MRI of the brain in
12 and 40 patients, respectively (Table 2).

According to the investigators, 49 patients were evaluable for
activity. One partial response (in group A), four minor responses
(two in group A and two in group B) and 16 tumour stabilisations
(six in group A and 10 in group B) were observed, resulting in an
overall control rate of 43% [95% confidence interval (CI) 28.5%
to 57%].

According to expert panel review, 46 patients were considered
evaluable for activity. Six patients (three in group A and three in
group B) were not evaluable (in four cases, images from baseline
were not technically comparable with images used for the docu-
mentation of response, one patient withdrew his consent before
tumour evaluation and one died prematurely fron: a concomitant
disease). After review, one partial response lasting 35 weeks was
observed in group B, seven minor responses (three in group A
and four in group B), 12 tumour stabilisations (seven in group A
and five in group B) and 26 tumour progressions were reported.
This resulted in an overall response rate of 2.2% (95% CI10.2% to
6.5%). Minor and patrtial responses were observed in patients
concomitantly treated with valproic acid. The median time-to-
progression was 9 wecks (range 3.6-53.1; 95% CI 8.1-22.4)
in group A and 14.4 weeks (range 3.5-36.8;95% C19.0-21.1)in
group B. The 6-month progression-free survival rate was 26% in
group A and 43% in group B (Figure 1; no statistical difference
was observed between groups A and B; Cox proportional hazard
ratio = 1.34, p= 0.38). The median overall survival was 5.8 months
(range 1.5-13.0; 95% CI 3.1-9.6) in group A and 6.8 months
(range 3.0-14.4;: 95% CI 5.5-11.5) in group B.

Safety

Fifty-one patients and 190 cycles were evaluable for safety.
Overall safety data are presented in Table 3. No clinically relevant
difference in toxicity was observed in the two groups of patients.

Grade 3-4 cholinergic syndrome with acute diarrhoea,
abdominal pain, nausea, vomiting, hypersalivation, sweating and

asthenia occurred in five patients (10%) and six ¢ycles (3%).
C§15C Exhibit 1111)
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Table 1. Patient characteristics

Group A Group B Total

No. of patients 25 27 52
Male/female 12/13 16/11 28724
Median age, vears (range) 54 (33-75) 52 (26-67) 53 (26-73)
WHO performance status

0 5 12 17

1 9 10 19

2 11 3 14

3 0 2 2
Neurological symptoms at study entry 20 (80%) 16 (59%) 36 (69%)
Site of lesions

Frontal lobe 8 (32%) 9 (33%) 17 (33%)

Occipital lobe 6 (24%) 8 (30%) 14 (27%)

Parietal lobe 11 (44%) 13 (48%) 24 (46%)

Temporal lobe 1 (4%) 3(11%) 4 (8%)

Other sites 6 (24%) 2 (7%) 8 (15%)
Unifocal site 18 (72%) 19 (70%) 37 (71%)
Multifocal sites 7 (28%) 8 (30%) 15 (29%)

Mean tumour sizes” at study entry, mm” (range)
Delay between diagnosis and enrolment, months (range)
Previous surgery

Complele resection

Partial resection

Biopsy
Mean dose of radiotherapy (range)
Delay from the end of radiotherapy to enrolment, months (range)
Coencomitant anticonvulsant

0

1

>2

1039 (228-6400)

1182 (143-6400)
1.97 (0.13-18.23)

1225 (143-3355)

0.59 (0.13-2.03) 7.74 (0.62-18.23)

1(4%) 11 (41%) 12 (23%)
8 (32%) 11 (41%) 19 (36.5%)
16 (64%) 5 (18%) 21 (40.5%)
0 57 (30-60) NA
NA 5.39 (1.41-48.1) 5.39 (1.41-48.1)
1 2 3
23 21 44
1 4 5

NA. not applicable; WHO, World Health Organization.
“Product of the larger diameters of the lesions.

Mild to moderate delayed diarrhoea was frequently observed.
Grade 1 diarrhoea was observed in 13 patients (25.5%) and in
44 of 190 cycles (23%). Grade 2 diarrhoea was observed in
21 patients (41.2%) and 28 cycles (14.7%). Grade 3 diarrhoea
was observed in four patients (7.9%) and five cycles (2.6%),
requiring hospitalisation for hydration in three patients. No grade
4 diarrhoea was reported. Two patients (two cycles) experienced
severe diarrhoea in group A and two patients (three cycles) in
group B. Diarrhoea was efficiently treated with oral loperamide.

Two patients, a 60-year-old male and a 63-year-old female,
who experienced febrile grade 2—3 diarrhoea without neutropenia
were adequately treated with oral loperamide and ciprofloxacine.
These primary events subsequently led, in both cases while the
diarrhoea had resolved, to more severe sepsis and patient death.
In one of these patients, who developed an acute respiratory dis-

tress syndrome, Enterococcus faecalis, Staphylococcus faecalis
and Staphylococcus maltophilia were identified from blood
cultures. No bacterial documentation was possible in the other
patient. Pharmacokinetic data were not available for these two
patients.

Severe grade 3—4 neutropenia was reported in a total of
10 patients (19.6%) and 21 cycles (11%). In group A, grade 4
neutropenia was observed in three patients (12.5%) with one of
them experiencing febrile neutropenia, whilst in group B, seven
patients (25.9%) presented with grade 3—4 neutropenia including
three patients (11.1%) with febrile grade 3—4 neutropema. In
total, four patients had episodes of febrile grade 3—4 neutropenia
(7.8% of patients and 2.1% of cycles). One patient treated in
group A presented with grade 3 anaemia. No grade 3—4 thrombo-
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Table 2. Antitumour activity of irinotecan in patients with glioblastoma
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Group A Group B Total
Investigators Experts Investigators Experts Investigators Experts
No. of patients 25 25 27 27 52 52
Evaluable 24 22 25 24 49 46
Non-evaluable 1 3 2 3 3 6
Withdrawal of consent 1 1 1 1
Died from other diseases - 1 1 1 1
Insufficient imaging 1 3 - 1 1 4
Partial responses 1 - — 1 1 1
Minor responses 2 3 2 4 4 7
Tumour stabilisaiions 6 7 10 5 16 12
Tumour control rate* 37.5% (9124) 45.4% (10/22) 48% (12/25) 41.7% (10/24) 43% (21/49) 43% (20/46)
(95% CI) (16.6-38.4%) (23-68%) (27-69%) (20.4-63%) (28.5-57%) (28.5-58%)
Tumour progression 15 12 13 14 28 26
Six-month progression- 26% 43% 35%

free survival rate
Time to progression

Median survival

9.0 weeks (95% C18.1-22.4)
5.8 months (95% CI 1.5-13.0)

14.4 weeks (95% CI 9.0-21.1) —
6.8 months (95% CI 3.0-14.4) -

*Tumour control rate is defined as (partial and minor responses + tumour stabilisation)/number of evaluable patients.

CI, confidence interval.

Other toxicities were as follows: grade 3 asthenia was observed
in three and two patients in groups A and B, respectively; grade
3—4 vomiting in two patients in group B; and grade 1-2 alopecia
in six and nine patients in groups A and B, respectively.

Transient grade 3 elevations of transaminases were observed
in three patients. One of them had a grade 3 elevation of ALAT
when carbamazepine was substituted for valproic acid. Another
patient had grade 3 elevation of ASAT while receiving con-
comitant treatment with valproic acid for a month. In these two

Progression-free Survival

1 o —— Group-A
1 --+-- Group-B

Precent Survival
(3]
?

bordedond.

(=]

0 3 6 9 12
Months

Figure 1. Progression-free survival (Kaplan—Meier analysis} of patients
with glioblastoma treated with irinotecan either prior to {group A) or after
radiotherapy (group B). No statistical difference was observed between
groups A and B (Cox proportional liazard ratio: 1.34, P =0.38).

patients, valproic acid and irinotecan were maintained with no
recurrence of grade 3 hepatic toxicity at subsequent cycles. The
last patient had a grade 3 elevation of ASAT while he was
concomitantly treated with phenytoin and paracetamol. In this
patient, recovery was obtained after withdrawal of phenytoin and
paracetamol.

Pharmacokinetics of irinotecan

Pharmacokinetic sampling was performed in 27 patients
(14 patients in group A and 13 patients in group B). A typical
pharmacokinetic profile is shown in Figure 2 and the main para-
meters of irinotecan and its metabolites are presented in Table 4.
The mean AUC, _, of irinotecan was 18 518 + 5323 ng-h/ml
[coefficient of variation (CV): 28.7%] with a mean clearance of
17.6 + 4.7 I/h/m? (CV: 26.5%). The mean AUC, __, of SN-38 was
471.6 % 224.3 ng-h/ml (CV: 47.6%). The mean metabolic ratio of
SN-38/irinotecan was 0.6 £ 0.7 % (CV: 108%). Mean AUC,, _, of
SN-38-G was 1243 + 687 ng-h/ml (CV: 55.2%). The ratio of
SN-38-G/irinotecan was 4.7 £ 2.0% (CV: 43%) with a glucuro-
nidation ratio of 16.5 * 14.3% (CV: 86.2%). Mean AUCs of
APC and NPC were 5407 * 2598 ng-h/ml (CV: 48%) and 533 +
263 ng-h/ml (CV: 49%), respectively. Metabolic ratios of APC
and NPC were 27.5 £ 13% (CV: 47.5%) and 1.5 * 1% (CV:
66.6%), rcspectively.

Toxicity and pharmacokinetics of irinotecan according to
concomitant medications

All patients were receiving concomitant medications (median
mumber, 5; range 2—-10) with several drlgs. We_ found no influ-
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Table 3. Grade 3—4 toxicity of irinotecan per patient and cycle

Group A Group B Total
Per patient {%) Per cycle (%) Per patient (%) Per cycle (%) Per patient (%) Per cycle (%)
No. of patients/cycle 24 68 27 122 51 190
Abdominal pain - - 1(3.7) 1{0.8) 1(1.9) 1(0.5)
Diarrhoea 2(8.3) 2(29) 2{(74) 3{2.5) 4(7.9) 5(2.6)
Nausea - - 1{3.7) 1{0.8) 1(1.9) 1(0.5)
Vomiting - - 274 2(1.6) 2(3.9) 2(1)
Asthenia 3(12.5) 344 2(74) 3(2.5) 5(9.8) 6 3.1
Hepatic cytolysis 2 (8.3) 229 1(3.7) 1(0.8) 3(5.9) 3(1.6)
Respiratory insufficiency - - 13.7) 11(0.8) 1(1.9) 1(¢0.5)
Skin toxicity - - 1(3.7) 1(0.8) 1(1.9) 1(0.5)
Infection - - 3(11%) 3 (2.5%) 3(5.9 3(1.6)
Neutropenia
Grade 2 - 344 4¢14.8) 10 {8.2) 4 (7.8) 13 (6.8)
Grade 4 3(12.5) 5(7.35) 3(11.) 34{2.5) 6(11.8) 8 (4.2)
Febrile neutropenia 1(4.2) 1{1.5) 3(11.1) 3(2.5%) 4(7.8) 4(2.1)
Anaemia 1(4.2) 1(1.5) - - 1(1.9 1(0.5)
10000
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Figure 2. Typical pharmacokinetic profile of irinotecan and its main metabolites in a patient with glioblastoma. This patient received valproic acid

concomitantly to irinotecan.

ence of the doses and duration of exposure to corticosteroids and
omeprazole on the toxicity and the pharmacokinetic parameters
of irinotecan and its metabolites (data not shown). In 40 patients
treated with valproic acid for seizure prevention, grade 3—4
diarrhoea, neutropenia and asthenia were observed in nine
(22.5%), 13 (32.5%) and 14 (35%) patients, respectively. Neither
grade 3—4 diarrhoea, neutropenia, nor asthenia was observed in

patients concomitantly treated with carbamazepine, phenytoin
and/or phenobarbital.

For pharmacokinetic drug interaction analysis, three groups of
patients (Figure 3) were defined: (i) patients without anti-epileptic
drug (two patients); (il) patients receiving valproic acid only
(20 patients); and (iil) patients concomitantly treated with
five patients). None of the
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Figure 3. Clearances of irinotecan in patients with glioblastoma. Three
groups of patients were defined to assess possible drug interactions:
(group 1, squares) patients without anticenvulsant (two patients),

{group 2, triangles} valproic acid (20 patients) and others (group 3,
inverted triangles) including carbamazepine or phenobarbital {five patients}.

patients analysed in the pharmacokinetic study received pheny-
toin. Clearances of irinotecan were 12.4 and 14.2 I/h/m’ in two
patients who received no anti-epileptic drugs, 20.9 + 5.7 I/h/m?*
(range 11-25.3 /h/m?) under phenobarbital/carbamazepine and
17.2 = 4.4 I/h/m* (range 9.5-27.5 /h/m?) under valproic acid
(P >0.05). Pharmacokinetic parameters of SN-38 (as well as
other metabolites) were not significantly different in patients
receiving no anticonvulsants (A UCgy 35: 131.9 £ 35 ng-h/ml) as
compared with those receiving valproic acid (AUCgy 351 115.3 =
136 ng-h/ml, P >0.05). Metabolic ratios of metabolites with
regards to concomitant anticonvulsants are shown in Figure 4.

Discussion

In human glioma xenografts in nude mice, irinotecan displayed
marked antitumour activity [12—14], which then translated into
promising antitumour activity in patients with malignant gliomas
[26—28]. However, clinical trials in patients with gliomas also
revealed that the toxicity profile and the pharmacokinetic para-
meters of irinotecan were strongly modified by concomitant
medications such as anticonvulsants. Seizure prevention using

carbamazepine, phenytoin and phenobarbital were associated
with lower exposure to SN-38; this subsequently led to the
resumption of phase I/II clinical trials using increasing doses of
irinotecan [26-28].

In our study, irinotecan (350 mg/m® every 3 weeks) displayed a
good safety profile which allowed the planned dose intensity to
be maintained with limited occurrences of dose reduction and
treatment delays. Grade 3—4 toxicity consisted of neutropenia
(19.6% per patient) and delayed diarrthoea (7.9% per patient).
This toxicity profile was consistent with toxicities reported in
phase 111 studies including patients with colorectal cancer with
the same schedule (neutropenia ranged from 14% to 22% and
delayed diarrhoea in 22%) [29-31]. Similarly, cholinergic
syndrome and asthenia were reported in 10% and 9.8% of
patients and were comparable with that previously reported in
patients with colorectal cancer [30, 31]. Grade 3—4 vomiting was
observed in only 3.9% of patients with gliomas and was lower
than that in colon cancer patients (14%). This might be related to
the antiemetic properties of chronic administration of cortico-
steroids combined with the effects of the antiemetic regimens
used in this study. Two patients experienced severe infections of
digestive origin that resulted in toxic death. Tn these patients,
chronic administration of a high dose of corticosteroids could
have led to immunosuppression.

In our study, immediate post-operative imaging was not
mandatory for patients in group A. However, for patients with
complete or partial resection, contrast enhanced tumour masses
of >2 cm were required at study entry if these patients were to be
considered measurable and therefore eligible for this study. It
was considered sufficient to exclude most of the changes in post-
surgical radiological enhancement, as these could sometimes be
confounded with radiological responses. However, the overall
response rate was lower than that reported for anticancer drugs
currently uscd in the treatment of glioblastoma. In addition, our
results seem to be lower than those reported by Friedman et al.
[26], who showed eight objective responses among 48 patients
with glioblastoma using a weekly administration of irinotecan.
Poor prognosis factors in our patient population (large tumour
sizes, multiple lesions, age, performance status and number of
complete or partial resections) might have influenced the result
[35-37]. For instance, the median age of patients in our study was
about 10 years older than in most of the recent chemotherapy
trials (median age 53 versus 44 [34], 46 [33] or 46 [26] in other
clinical trials). More recently, Cloughesy et al. [38] reported the
results of a phase II study where irinotecan was given at a dose of
300 mg/m? as a 90-min infusion every 3 weeks, which was then
escalated to 350 mg/m’ in the absence of severe haematological
toxicity. In that study. two patients (14%) presented a partial
response and two additional patients had tumour stabilisation
with a median time-to-progression of 6 weeks. These data
appeared to be comparable with those reported in our study.
In our study, the median time-to-progression was 9 weeks
(range 3.6-53.1; 95% CI 8.1-22.4) in group A and 14.4 weeks
(range 5.5-36.8; 95% C19.0-21.1) in group B, and the 6-month
progression-free survival rate was 26% in ﬁroup A and 43% in
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Figure 4. Metabolic ratios of irinotecan metabolites in patients with glioblastoma. Metabolite ratios of SN-38, SN-38-G, APC and NPC were calculated as
follows: [AUCy_, (metabolite)/AUCy_, (irinotecan)] X 100 for SN-38, SN-38-G and NPC. [AUC) g cemping (APCYAUCy 1451 sampiing (irinotecan)] x 100 for
APC. Individual (plots) and means ratios (horizontal lines) are presented in patients taking no anticonvulsant (squares), valproic acid (triangles) and other
drugs (inverted triangles} for seizure prevention {carbamazepine and phenobarbital).

group B. In this study, the 6-month control rate appears to be popular in recent years. This methodology of early screening for

similar to that of nitrosourea [32] and temozolomide [33, 34]. new compounds was used recently to optimise the chance of

The use of experimental agents prior to radiotherapy in newly detecting activity that would otherwise be undetectable given the
diagnosed glioblastoma multiforme has become increasingly limited survival of patients rclapsing after ralcllothera . How-
PC Exhibit 11
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ever, one might also consider that participation in such a study
could have negative effects on the outcome of patients by
delaying radiation therapy. Grossman et al. [39] recently reported
the survival of 368 patients with newly diagnosed gliohlastoma
treated with investigational new drugs either prior to or following
radiotherapy. In their study, no significant difference in survival
was detected between the two groups. However, the authors
stressed that careful monitoring of tumour progression in patients
treated with new agents prior to radiotherapy is mandatory to
avoid delaying salvage radiotherapy. In our study, we observed
slightly higher progression-free and overall survival rates in
group B patients, which could either be due to the effectiveness of
radiotherapy or to selection bias that excludes patients with
rapidly progressing tumours from receiving radiotherapy. In the
absence of postoperative randomisation, it was impossible to
compare groups A and B, although both had very similar survival
outcomes.

Medications commonly used by patients with malignant glio-
mas (corticosteroids, phenytoin, carbamazepine and pheno-
barbital) affect the CYP3A4 enzyme system [26, 40-45], cause
an increase in the clearance of paclitaxel [40] and irinotecan, and
require the use of larger doses of chemotherapy [42—45]. In our
study, the clearance of irinotecan was increased in four of five
patients exposed to phenobarbital or carbamazepine, corroborat-
ing previous studies [46].

Interestingly, valproic acid is also registered for seizure pre-
vention and does not interact strongly with the CYP3A4 enzyme.
Valproic acid is conjugated in humans, reversibly inhibits hepatic
UGT1A]1 conjugation, both by competitive and noncompetitive
mechanisms [46, 47], and interacts with drugs requiring glucuro-
nidation [48]. In addition, valproic acid and its metabolites exert
choleretic effects in animal models [49]. In Wistar rats, concomit-
ant administration of valproic acid 200 mg/kg with irinotecan
20 mg/kg inhibited SN-38-G formation and increased AUCgy 35
by 270% as compared with control rats receiving irinotecan alone
[19]. Therefore, valproic acid was expected to result in increased
SN-38 exposure and intestinal toxicity in humans. However, our
study shows that valproic acid did not increase the rates of
diarrhoea and neutropenia as compared with previous studies in
patients treated without anticonvulsants [30, 31]. In previously
published pharmacokinetic data from phase I/II studies in
patients without brain tumours [50-53](Table 4), we found that
in patients without gliomas the mean clearances of irinotecan
ranged from 11.0 to 21.1 /h/m* (Table 4). In our study, the
clearance of patients receiving valproic acid (17.2 /h/m?, range
9.5-27.5) appears to be similar to that observed in patients treated
without anticonvulsants (14.2 I/h/m?, range 12.4-16). In our
study, the exposure to SN-38 (471.6 + 224.3 ng-h/ml) was com-
parable with that previously reported by Abigerges et al. [50] and
Rivory et al. [54] in phase I trials using similar doses of irino-
tccan. This is in contrast with the study by Fricdman ct al. [26]
where the clearance of irinotecan in patients receiving phenytoin,
carbamazepine and/or phenobarbital was 30.4 + 8.3 1/h/m* and
was correlated with low exposures to SN-38 and SN-38-G.

Based on our data, the glucuronidation of SN-38 did not seem
to be completely inhibited in patients treated with valproic acid.

Discrepancies between species might explain the absence of drug
interactions between valproic acid and irinotecan in humans. In
addition, we have recently shown that concomitant medications
with valproic acid generate new metabolites by oxidation of the
camptothecin backbone or the piperidinylpiperidine lateral chain
of irinotecan [25]. Other factors that might help to explain the
absence of inhibition of UGT1A1 in humans might be related to
the schedule of dosage of valproic acid. In humans, valproic acid
was given as a chronic daily oral administration starting several
days before irinotecan, while in animal experiments a single i.v.
valproic acid infusion was given immediately before the adminis-
tration of irinotecan. Finally, chronic oral corticosteroids might
help to counteract the effects of valproic acid by inducing
UGT1A1 enzymes.

In summary, irinotecan {350 mg/m® every 3 weeks) has an
effect that results in a median time-to-progression of 9 weeks in
group A and 14.4 weeks in group B, with 6-month progression-
free survival rates of 26% and 43% in groups A and B, respect-
ively. The toxicity profile of irinotecan requires careful clinical
follow-up in patients with glioblastoma. We showed that valproic
acid does not increase the exposure to SN-38 and the toxicity of
irinotecan in patients with glioblastoma. Although the response
rate of irinotecan as a single agent was limited, it remains an attrac-
tive drug for use in combination with nitrosourea, temozolomide
and radiotherapy in patients with glioblastoma.
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