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(57) Abrégé/Abstract:
The present invention addresses the problem of providing a medicine prepared by combining a liposome composition with an
immune checkpoint blockade, wherein gemcitabine is encapsulated in a dissolved state in liposomes in the liposome composition.
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(57) Abrégé(suite)/Abstract(continued):

According to the present invention, a medicine which is a combination of (A) a liposome composition with (B) an immune
checkpoint blockade is provided, wherein the liposome composition comprises liposomes each having an inner agueous phase
and an aqueous solution constituting an outer aqueous phase and having the liposomes dispersed therein, gemcitabine is
encapsulated in a dissolved state in the liposomes, and the liposome composition and the immune checkpoint blockade are
administered simultaneously or sequentially.
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ABSTRACT

An object of the present invention is to provide a combined pharmaceutical
formulation obtained by combining a liposome composition and an immune checkpoint
inhibitor, in which gemcitabine is encapsulated in a dissolved state in liposomes in the
liposome composition.  According to the present invention, there is provided a
pharmaceutical formulation including (A) a liposome composition in combination with (B) an
immune checkpoint inhibitor, in which the liposome composition includes liposomes each
having an inner water phase, and an aqueous solution constituting an outer water phase and
having the liposomes dispersed therein, gemcitabine is encapsulated in a dissolved state in the
liposomes, and the liposome composition and the immune checkpoint inhibitor are

administered simultaneously or sequentially.
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COMBINED PHARMACEUTICAL FORMULATION COMPRISING
GEMCITABINE-CONTAINING LIPOSOME COMPOSITION AND IMMUNE
CHECKPOINT INHIBITOR

Field of the Invention

[0001] The present invention relates to a pharmaceutical formulation in which an immune
checkpoint inhibitor and a gemcitabine-containing liposome composition are combined and
administered simultaneously or sequentially.

Description of the Related Art

[0002] In recent years, it has become known that cancer utilizes a system that evades the
immune surveillance. Cancer immunotherapy is a therapy that acts on the immune
surveillance of cancer patients to strengthen the immunity against cancer, thereby suppressing
the progression of cancer or treating cancer. Immune checkpoint molecules such as CTLA-4
and PD-1 or a ligand thereof, PD-L1 are known as molecules used in such an evasion system
(Patent Documents 1 and 2).

[0003] In addition, it is disclosed that co-administration of human anti-PD-1 or an
antigen-binding moiety thereof with a chemotherapeutic agent is endowed with two anticancer
agents that act by different mechanisms, which have cytotoxic effects on human tumor cells
(Patent Documents 1 and 2). However, Patent Documents 1 and 2 do not disclose an
anticancer agent using a liposome in co-administration of human anti-PD-1 or an
antigen-binding moiety thereof and a chemotherapeutic agent.

[0004] In addition, at the Opdivo Q&A site, in response to the question of whether Opdivo can
be used in combination with chemotherapeutic agents, it has been disclosed that Opdivo
cannot be used in combination because the efficacy and safety thereof in combination with
cancer chemotherapeutic agents have not been established (Non-Patent Document 1).

[0005] On the other hand, in chemotherapy, the attack on cancer cells is greatly affected by the
exposure time of the drug. For example, a drug such as an antimetabolite which inhibits
DNA synthesis attacks only a part of cells in the DNA synthesis phase, and therefore effective
cell killing cannot be obtained in a case where the exposure time is short. In such a drug, in a
case where in vivo metabolism thereof after administration is fast, sufficient exposure time at
the tumor cannot be obtained and therefore an expected drug efficacy is often not obtained

(Patent Documents 3 and 4).
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[0006] It is known that, by a configuration such that a drug is encapsulated in a dissolved state
in an inner water phase of a liposome and a liposome composition is made hypertonic, release
of the drug from the liposome composition can be promoted and therefore more suitable drug
delivery can be realized (Patent Documents 3 and 4).
Prior Art Documents
Patent Documents
[0007]
Patent Document 1: WO2006/121168 A
Patent Document 2: JP2006-340714A
Patent Document 3: WO2015/166985A
Patent Document 4: WO2015/166986A
Non-Patent Documents
[0008]
Non-Patent Document 1: ONO ONCOLOGY Opdivo Q&A, Can Opdivo be used in
combination with chemotherapeutic agents?", [online|, publication date unknown, Ono
Pharmaceutical Co., Ltd., [Search on May 2, 2018], Internet <URL:
https://www.ono-oncology.jp/contents/patient/opdivo_fag/11.html>

SUMMARY OF THE INVENTION

[0009] An object according to an aspect of the present invention is to provide a combined
pharmaceutical formulation obtained by combining an immune checkpoint inhibitor and an
anticancer agent-containing liposome composition, and a method for administering the same.
Another object according to the aspect of the present invention is to provide a combined
pharmaceutical formulation obtained by combining an immune checkpoint inhibitor and an
anticancer agent-containing liposome composition, and a therapeutic method using the same.

[0010] As a result of extensive studies, the present inventors have found that the foregoing
objects can be achieved by a pharmaceutical formulation including (A) a liposome
composition in combination with (B) an immune checkpoint inhibitor, in which the liposome
composition includes liposomes each having an inner water phase, and an aqueous solution
constituting an outer water phase and having the liposomes dispersed therein, gemcitabine is
encapsulated in a dissolved state in the liposomes, and the liposome composition and the

immune checkpoint inhibitor are administered simultaneously or sequentially.
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[0011] The present invention provides the following.

[1] A pharmaceutical formulation comprising:

(A) aliposome composition in combination with (B) an immune checkpoint inhibitor,

in which the liposome composition includes liposomes each having an inner water
phase, and an aqueous solution constituting an outer water phase and having the liposomes
dispersed therein, gemcitabine is encapsulated in a dissolved state in the liposomes, and the
liposome composition and the immune checkpoint inhibitor are administered simultaneously
or sequentially.

[2] The pharmaceutical formulation according to [1], in which the liposome
composition is a liposome composition in which an osmotic pressure of the inner water phase
of the liposome is 2 times or more and 8 times or less an osmotic pressure of the outer water
phase, and a release rate of gemcitabine from the liposome is 10% by mass/24 hr or more and
70% by mass/24 hr or less at 37°C in human plasma.

[3] The pharmaceutical formulation according to [1], in which the liposome
composition is a liposome composition in which a content of cholesterols is 10 mol% or more
and 35 mol% or less with respect to a total amount of lipid components of the liposome
composition, and an osmotic pressure of the inner water phase is 2 times or more and 8 times
or less an osmotic pressure of the outer water phase.

[4] The pharmaceutical formulation according to any one of [1] to [3], in which the
immune checkpoint inhibitor includes at least one selected from a PD-1 inhibitor, a PD-L1
inhibitor, a PD-L2 inhibitor, or a CTLA-4 inhibitor.

[5] The pharmaceutical formulation according to [4], in which the immune checkpoint
inhibitor includes at least one selected from a PD-1 inhibitor, a PD-L1 inhibitor, or a CTLA-4
inhibitor.

[6] The pharmaceutical formulation according to any one of [1] to [5], in which the
administration is carried out at an effective dose and for an effective dosing period that exhibit
a therapeutic synergistic effect.

[7] The pharmaceutical formulation according to any one of [1] to [6], in which a
subject of administration has resistance to gemcitabine.

[0012] [8] A method for treating a subject suffering from cancer, the method comprising:
simultaneously or sequentially administering (A) a liposome composition and (B) an
immune checkpoint inhibitor in combination to the subject at an effective dose and for an

effective dosing period that exhibit a therapeutic synergistic effect,
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in which the liposome composition includes liposomes each having an inner water

phase, and an aqueous solution constituting an outer water phase and having the liposomes

dispersed therein, and gemcitabine is encapsulated in a dissolved state in the liposomes.

[9] The treatment method according to [8], in which the liposome composition is a
liposome composition in which an osmotic pressure of the inner water phase of the liposome is
2 times or more and 8 times or less an osmotic pressure of the outer water phase, and a release
rate of gemcitabine from the liposome is 10% by mass/24 hr or more and 70% by mass/24 hr
or less at 37°C in human plasma.

[10] The treatment method according to [8], in which the liposome composition is a
liposome composition in which a content of cholesterols is 10 mol% or more and 35 mol% or
less with respect to a total amount of lipid components of the liposome composition, and an
osmotic pressure of the inner water phase is 2 times or more and 8 times or less an osmotic
pressure of the outer water phase.

[11] The treatment method according to any one of [8] to [10], in which the immune
checkpoint inhibitor includes at least one selected from a PD-1 inhibitor, a PD-L1 inhibitor, a
PD-L2 inhibitor, or a CTLA-4 inhibitor.

[12] The treatment method according to [11], in which the immune checkpoint
inhibitor includes at least one selected from a PD-1 inhibitor, a PD-L1 inhibitor, or a CTLA-4
inhibitor.

[13] The treatment method according to any one of [8] to [12], in which a subject of
administration has resistance to gemcitabine.

[14] A pharmaceutical formulation for use in the treatment method according to any
one of [8] to [12], comprising:

a liposome composition for administration in combination with an immune
checkpoint inhibitor,

in which the liposome composition includes liposomes each having an inner water
phase, and an aqueous solution constituting an outer water phase and having the liposomes
dispersed therein, and gemcitabine is encapsulated in a dissolved state in the liposomes.

[0013] The pharmaceutical formulation according to an aspect of the present invention is a
pharmaceutical formulation including a liposome composition in combination with an immune
checkpoint inhibitor, in which gemcitabine is encapsulated in a dissolved state in liposomes,
and the liposome composition and the immune checkpoint inhibitor are administered

simultaneously or sequentially, and has at least one effect of treating or preventing cancer.
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In addition, the pharmaceutical formulation according to the aspect of the present
invention has a long blood half-life of a liposome composition including gemcitabine in a
dissolved state, maintains excellent properties of having a strong antitumor activity even in a
small amount, and by administering a liposome composition and an immune checkpoint
inhibitor in combination simultaneously or sequentially, has a significant and unexpected
tumor growth inhibitory effect, which is superior to the effect in a case of either a liposome
composition having gemcitabine encapsulated in a dissolved state in liposomes alone or an
immune checkpoint inhibitor alone.

Furthermore, the pharmaceutical formulation according to the aspect of the present
invention has a tumor growth inhibitory effect even at a low dose, which enables a desirable
treatment that is highly safe, has a low physical burden, and is highly convenient for subjects
including patients.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] Fig. 1 shows changes in body weight in a drug efficacy test using a tumor-bearing
model mouse with subcutaneous transplantation of EMT®6.

Fig. 2 shows changes in tumor volume in a drug efficacy test using a tumor-bearing
model mouse with subcutaneous transplantation of EMT6.

Fig. 3 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 4 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 5 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 6 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 7 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 8 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 9 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 10 shows changes in tumor volume by individual in a drug efficacy test using a

tumor-bearing model mouse with subcutaneous transplantation of EMT6.
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Fig. 11 shows a survival rate (tumor-free survival %) in a case where a test subject
having a tumor volume of more than 10% of the body weight is euthanized, and the results of
a survival curve by the Kaplan-Meier method.

Fig. 12 shows changes in tumor volume in a drug efficacy test using a tumor-bearing
model mouse with subcutaneous transplantation of EMT6.

Fig. 13 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 14 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 15 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 16 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 17 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 18 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 19 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 20 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 21 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 22 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 23 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 24 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 25 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 26 shows changes in tumor volume by individual in a drug efficacy test using a

tumor-bearing model mouse with subcutaneous transplantation of EMT6.
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Fig. 27 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 28 shows changes in tumor volume by individual in a drug efficacy test using a
tumor-bearing model mouse with subcutaneous transplantation of EMT6.

Fig. 29 shows a survival rate (tumor-free survival %) in a case where a test subject
having a tumor volume of more than 10% of the body weight is euthanized, and the results of
a survival curve by the Kaplan-Meier method.

Fig. 30 shows a mean value of a percentage of CD8-positive T cells in each group in a
drug efficacy test using a tumor-bearing model mouse with subcutaneous transplantation of
EMT6.

Fig. 31 shows a mean value of a percentage of M1 cells in each group in a drug
efficacy test using a tumor-bearing model mouse with subcutaneous transplantation of EMTG6.

Fig. 32 shows a mean value of a percentage of M2 cells in each group in a drug
efficacy test using a tumor-bearing model mouse with subcutaneous transplantation of EMTG6.

Fig. 33 shows changes in tumor volume by individual in a control group in a test for
verifying an effect on CD8-positive T cells using a tumor-bearing model mouse with
subcutaneous transplantation of EMT6.

Fig. 34 shows changes in tumor volume by individual in an anti-CD8
antibody-administered group in a test for verifying an effect on CD8-positive T cells using a
tumor-bearing model mouse with subcutaneous transplantation of EMT®6.

Fig. 35 shows changes in percentage of Ki67-positive cells in CD8-positive T cells
from before administration of a test substance in circulating blood in a test for verifying
changes in immune cell composition in circulating blood and tumors in humans.

Fig. 36 shows changes in percentage of Ki67-positive Tregs in Tregs from before
administration of a test substance in circulating blood in a test for verifying changes in
immune cell composition in circulating blood and tumors in humans.

Fig. 37 shows changes in percentage of M-MDSCs in total MDSCs from before
administration of a test substance in circulating blood in a test for verifying changes in
immune cell composition in circulating blood and tumors in humans.

Fig. 38 shows a value obtained by comparing percentages of M-MDSCs in total
MDSCs in tumors between before administration of a test substance and 15 days after a
second administration of the test substance, in a test for verifying changes in immune cell

composition in circulating blood and tumors in humans.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] Hereinafter, the present invention will be described in detail.

In the present specification, % means mass percentage unless otherwise specified.
In the present specification, in a case where a plurality of substances corresponding to
components are present in a composition, the amount of each component in the composition
means a total amount of the plurality of substances present in the composition, unless
otherwise specified.
[0016] In the present specification, each term has the following meaning unless otherwise
specified.
[0017] The term "to" indicates a range including the numerical values described before and
after "to" as a minimum value and a maximum value, respectively.
[0018] The subject includes humans and mammals other than humans. Examples of
mammals other than humans include monkeys, dogs, cats, cows, horses, mice, and rats.
[0019] The treatment may be any treatment or therapy that achieves a desired therapeutic
effect, for example, inhibition or delay of progression of a condition, and includes slowing
down a rate of progression, pausing the rate of progression, improving the condition, healing
or remitting the condition (whether partial or complete), preventing, delaying, reducing, or
arresting one or a plurality of symptoms and/or signs of the condition, and prolonging a
subject's survival over that expected in the absence of treatment.
[0020] The treatment also includes prevention. For example, treating a subject who is
susceptible to or at risk of onset or recurrence of cancer may prevent or delay the onset or
recurrence of cancer in the subject.
[0021] The treatment includes inhibition of cancer growth including complete remission of
cancer, and/or inhibition of cancer metastasis. The cancer growth refers to the transformation
of cancer into a more developed form. Examples of an index for measuring the inhibition of
cancer growth include decreased survival of cancer cells, decreased tumor volume or
morphology (for example, determined using computed tomography (CT), ultrasonography, or
other diagnostic imaging methods), delayed tumor growth, destruction of tumor vasculature,
improved scores of delayed hypersensitivity skin test, increased activity of cytolytic
T-lymphocytes, and decreased levels of tumor-specific antigens.
[0022] In the present invention, tumor, malignant tumor, cancer, malignant neoplasm,
carcinoma, sarcoma, and the like are collectively referred to as “tumor™ or “cancer”. In

addition, the term “tumor™ or “cancer” includes those that have recurred after the treatment of
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cancer. The term “tumor” includes all malignant or benign neoplastic cell growth and
proliferation, as well as pre-cancerous and cancerous cells and tissues.
[0023] The term "effective amount" is a dose required to achieve a desired therapeutic or
prophylactic result, including the duration and amount of administration. The "effective
amount" of the pharmaceutical formulation according to the embodiment of the present
invention may vary depending on the disease state, age, sex, and body weight of a subject (or
individual), the ability of the pharmaceutical formulation to elicit a desired response in the
subject (or individual), and the like.
[0024] The term "co-administration" refers to administering a first therapy and a second
therapy in a combination therapy at a time interval of about 15 minutes or less, such as any of
about 10 minutes, about 5 minutes, or about 1 minute or less. In a case where the first
therapy and the second therapy are administered simultaneously, the first therapy and the
second therapy can be contained in the same composition (for example, a composition that
contains both the first therapy and the second therapy), or can be contained in separate
compositions (for example, the first therapy is contained in one composition and the second
therapy is contained in another composition).
[0025] The term "sequential administration" refers to administering a first therapy and a
second therapy in a combination therapy at a time interval of more than about 15 minutes,
such as any of about 20 minutes, about 30 minutes, about 40 minutes, about 50 minutes, about
60 minutes or longer (1 day, 2 days, 3 days, 1 week, 2 weeks, 3 weeks, or the like). In the
present invention, the sequential administration also includes first administration of the first
therapy and first administration of the second therapy. In addition, in the present invention,
the sequential administration also includes the administration of the second therapy after the
administration of the first therapy (after a predetermined time (for example, after 1 week)).
The first therapy and the second therapy may be contained in separate compositions, which
may be contained in the same package or kit or may be contained in different packages or kits.
[0026] (Pharmaceutical formulation according to embodiment of present invention)

The pharmaceutical formulation according to the embodiment of the present
invention is a pharmaceutical formulation including (A) a liposome composition in
combination with (B) an immune checkpoint inhibitor, in which the liposome composition
includes liposomes each having an inner water phase, and an aqueous solution constituting an
outer water phase and having the liposomes dispersed therein, gemcitabine is encapsulated in a

dissolved state in the liposomes, and the liposome composition and the immune checkpoint
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inhibitor are administered simultaneously or sequentially.
[0027] ((A) Liposome composition)

The liposome is a closed vesicular body formed of a lipid bilayer membrane using
lipids, and has a water phase (inner water phase) within the space of the closed vesicle. The
inner water phase contains water and the like. The liposome is usually present in a state of
being dispersed in an aqueous solution (outer water phase) outside a closed vesicular body.
In the present invention, the liposome composition refers to a composition including a
liposome and an aqueous solution, components, and the like contained outside the liposome.
The liposome may be single lamellar (which is also referred to as monolayer lamellar or
unilamellar, and is a structure having a single bilayer membrane) or may be multilayered
lamellar (which is also referred to as multilamellar and is an onion-like structure having
multiple bilayer membranes where individual layers are compartmented by aqueous layers).
In the present invention, the liposome is preferably a single lamellar liposome from the
viewpoint of safety and stability in pharmaceutical applications. The “encapsulated” means
taking a form in which a drug is contained in an inner water phase with respect to the
liposome.

[0028] The size (average particle size) of the liposome is not particularly limited and is 2 to
200 nm, preferably 5 to 150 nm, more preferably 5 to 120 nm, and still more preferably 5 to
100 nm.

In a case of expecting an enhanced permeation and retention effect (EPR effect)
described below, the size (average particle size) of the liposome is preferably substantially 50
to 200 nm in diameter, more preferably substantially 50 to 150 nm in diameter, and still more
preferably substantially 50 to 100 nm in diameter. The term “substantially” means that at
least 75% of the number of liposomes are within a specified diameter range. The “at least
75%” is more preferably at least 80% and still more preferably at least 90%.

In the present invention, the “average particle size of liposome” means an average
particle size (preferably a cumulant average particle size) measured using a dynamic light
scattering method unless otherwise specified. The “average particle size” can be measured
by using an apparatus capable of measuring the average particle size by a light scattering
method.

[0029] Lipid is included as a component (membrane component) that constitutes the lipid
bilayer of the liposome. Any lipid soluble in a mixed solvent of a water-soluble organic

solvent and an ester-based organic solvent can be used as the lipid. Examples of the lipid
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include a phospholipid, a lipid other than phospholipid, cholesterols, and derivatives thereof.
These components may be constituted of a single component or a plurality of components.
[0030] Examples of the phospholipid include a natural or synthetic phospholipid such as
phosphatidylcholine (lecithin), phosphatidyl glycerol, phosphatidic acid, phosphatidyl
ethanolamine, phosphatidyl serine, phosphatidyl inositol, sphingomyelin, or cardiolipin, and a
hydrogenated product thereof (for example, hydrogenated soy phosphatidylcholine (HSPC)).
Above all, the phospholipid is preferably a hydrogenated phospholipid such as hydrogenated
soy phosphatidylcholine, sphingomyelin, or the like, and more preferably hydrogenated soy
phosphatidylcholine. In the present invention, the term "phospholipid" also includes
phospholipid derivatives obtained by modifying a phospholipid.
[0031] The lipid other than phospholipid may be, for example, a phosphate-free lipid,
examples of which include, but are not limited to, a glycerolipid that does not have a
phosphate moiety in the molecule thereof and a sphingolipid that does not have a phosphate
moiety in the molecule thereof In the present invention, the term “lipid other than
phospholipid™ also includes derivatives of a lipid other than the phospholipid obtained by
modifying a lipid other than phospholipid.
[0032] In a case where the lipid other than phospholipid contains a basic functional group, for
example, in a case where it is a substance in which a compound having a basic functional
group is bound to the lipid, the lipid is referred to as a cationized lipid. The cationized lipid
can modify, for example, the membrane of the liposome, and can enhance the adhesiveness to
the cells which are target sites.
[0033] Examples of cholesterols include cholesterol. 1t is effective to add cholesterol or the
like in order to fill the deformation of the membrane caused by lipid. In connection with the
liposome composition, the addition of cholesterols is expected to have an effect of lowering
the fluidity of the membrane of the liposome, for example, by filling the gaps in the membrane
of the liposome.

In the present invention, an unexpected effect was found that the rate of drug release
in a mammal can be regulated by controlling the amount of cholesterols in an optimal range
under high osmotic pressure conditions of the liposome composition.

In the present invention, the content of cholesterols is 10 to 35 mol%, preferably 15 to
25 mol%, and more preferably 17 to 21 mol% in total moles of the lipid components of the
liposome composition (total lipids contained in the liposome composition).

[0034] In addition to the foregoing components, a hydrophilic polymer or the like for
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improving retention in blood, fatty acid, diacetyl phosphate, or the like as a membrane
structure stabilizer, or a-tocopherol or the like as an antioxidant may be added to the liposome.
In the present invention, it is preferable not to include an additive such as a dispersion aid
which is not recognized for use in intravenous injection in pharmaceutical applications, for
example, a surfactant.
[0035] The liposome according to the embodiment of the present invention preferably contains
a phospholipid, a lipid other than phospholipid, cholesterols, and derivatives thereof, in which
a phospholipid, a lipid other than phospholipid, and cholesterols are modified with a
hydrophilic polymer.
[0036] The hydrophilic polymer is not particularly limited, and examples thereof include
polyethylene glycols, polyglycerins, polypropylene glycols, polyvinyl alcohols, styrene-maleic
acid anhydride alternating copolymers, polyvinylpyrrolidones, and synthetic polyamino acids.
The hydrophilic polymers may be used alone or in combination of two or more thereof.
Among these, from the viewpoint of retention in blood of a preparation, polyethylene glycols,
polyglycerins, and polypropylene glycols are preferable, and polyethylene glycol (PEG),
polyglycerin (PG), and polypropylene glycol (PPG) are more preferable. Polyethylene glycol
(PEQG) 1s general-purpose and is preferable since it has an effect of improving retention in
blood.
[0037] The molecular weight of PEG is not particularly limited, but the molecular weight of
PEG is 500 to 10,000 daltons, preferably 1,000 to 7,000 daltons, and more preferably 2,000 to
5,000 daltons.
[0038] In the liposome according to the embodiment of the present invention, it is preferable
to use a lipid modified with PEG (PEG-modified lipid) together with the main lipid included
in the liposome.
[0039] Examples of the PEG-modified lipid include
1,2-distearoyl-3-phosphatidylethanolamine-polyethylene glycols such as
1,2-distearoyl-3-phosphatidylethanolamine-PEG2000 (manufactured by Nippon Oil & Fats
Co., Ltd.), 1,2-distearoyl-3-phosphatidylethanolamine-PEG5000 (manufactured by Nippon Oil
& Fats Co., Ltd.), and distearoyl glycerol-PEG2000 (manufactured by Nippon Oil & Fats Co.,
Ltd.).
[0040] These PEG-modified lipids may be added so as to be contained in an amount of 0.3%
to 50% by mass, preferably 0.5% to 30% by mass, and more preferably 1% to 20% by mass

with respect to the total amount of lipids.
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[0041] In the liposome according to the embodiment of the present invention, a lipid
combination of hydrogenated soy phosphatidylcholine (a main lipid included in the liposome),
1,2-distearoyl-3-phosphatidylethanolamine-polyethylene glycol (a lipid used in combination
with the main lipid), and cholesterol is preferable.
[0042] The liposome composition according to the embodiment of the present invention
preferably contains no anionic polymer (polyanion).
[0043] The gemcitabine applied to the pharmaceutical formulation according to the
embodiment of the present invention will be described. Gemcitabine has a chemical name of
(+)-2'-deoxy-2',2'-difluorocytidine and is an anticancer agent having an antimetabolic action.
In the present invention, gemcitabine may be gemcitabine itself, a pharmaceutically acceptable
salt, or a prodrug that releases gemcitabine in vivo. In the present invention, it is preferable
to use gemcitabine hydrochloride.
[0044] The gemcitabine encapsulated in the liposome according to the embodiment of the
present invention exists in a dissolved state in the inner water phase of the liposome. Here,
the term “dissolved state” means that, in a case where the amount of the drug loaded with
respect to the volume of the liposome is equal to or lower than the saturated solubility of the
drug in the composition liquid of the inner water phase, the drug is considered to be
encapsulated in a dissolved state.

In addition, even in a case where the amount of the drug loaded is equal to or higher
than the saturated solubility, gemcitabine is considered to be encapsulated in a dissolved state
in a case where drug crystals are not observed by Cryo-TEM and a diffraction pattern due to a
crystal lattice is not observed by XRD measurement.

[0045] (Method for producing liposome composition)

The method for producing the liposome according to the embodiment of the present
invention is not particularly limited as long as it is a method capable of producing a liposome
composition having gemcitabine encapsulated in a dissolved state in liposomes. Each step of
the method for producing a liposome composition described in detail below can be carried out
with reference to, for example, WO2015/166985A and WO2015/166986A.

[0046] In the present invention, preferred is a method for producing a liposome composition
including an emulsifying step of emulsifying a lipid dissolved in an organic solvent to form a
liposome without undergoing a drying-solidification step, a drug loading step of encapsulating
a water-soluble drug in the liposome obtained in the emulsifying step, and an osmotic pressure

adjusting step of adjusting the osmotic pressure of the inner water phase of the liposome to 2
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times or more and 8 times or less the osmotic pressure of the outer water phase.

The method for producing a liposome composition may include other steps such as an
evaporation step of evaporating the organic solvent used in the emulsifying step, if necessary.
[0047] In the emulsifying step of emulsifying a lipid dissolved in an organic solvent to form a
liposome without undergoing a drying-solidification step, there is no limitation as long as it is
an emulsifying step. Preferably, it is a step of applying high shear and making the particles
fine by an emulsifying step including an organic solvent. If necessary, evaporation
(desolvation) of the organic solvent used in the emulsifying step may be carried out to form
liposomes.

[0048] (Emulsifying step)

In the emulsifying step, an oil phase in which at least one lipid is dissolved in an
organic solvent is mixed with a water phase to prepare an aqueous solution containing lipids,
which is then emulsified with stirring. An oil phase where lipid has been dissolved in an
organic solvent and a water phase are mixed, stirred, and emulsified to thereby prepare an
emulsion where the oil phase and the water phase are emulsified in an O/W type. After
mixing, liposomes are formed by removing a portion or all of the organic solvent derived from
the oil phase by an evaporation step which will be described below. Alternatively, a portion
or all of the organic solvent in the oil phase is evaporated in the course of the
stirring-emulsification to form liposomes.

[0049] As a method of stirring, ultrasonic waves or mechanical shearing force is used for
particle miniaturization. In addition, extruder processing or microfluidizer processing of
allowing to pass through a filter having a certain pore size can be carried out for uniformity of
particle sizes. Use of an extruder or the like can result in decomposition of secondarily
formed multivesicular liposomes into univesicular liposomes.

[0050] In the present invention, from the viewpoint of simplification of the manufacturing
process, it is preferable to use the liposome in a state in which a drug is not loaded in the next
step without the extrusion treatment.

[0051] (Oil phase)

As the organic solvent for use as the oil phase, a mixed solvent of a water-soluble
organic solvent and an ester-based organic solvent is used. In the present invention, it is
preferable to use substantially no organic solvent such as chloroform, methylene chloride,
hexane, or cyclohexane as the organic solvent, and it is more preferable not to use any of these

organic solvents.
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[0052] The water-soluble organic solvent is not particularly limited, but is preferably an
organic solvent having a property of mixing freely with water. Specific examples of the
water-soluble organic solvent include alcohols such as methanol, ethanol, n-propanol,
isopropanol, n-butanol, isobutanol, and t-butanol; glycols such as glycerin, ethylene glycol,
and propylene glycol; and polyalkylene glycols such as polyethylene glycol. Among these,
alcohols are preferred.
[0053] The ester-based organic solvent is not particularly limited, but is preferably an ester
obtained by the reaction of an organic acid and an alcohol. Specifically, the ester-based
organic solvent is preferably at least one selected from ethyl acetate, methyl acetate, isopropyl
acetate, t-butyl acetate, or methyl propionate.
[0054] The concentration of the lipid is not particularly limited and can be appropriately
adjusted. In a case of a solution using a mixed liquid of a water-soluble organic solvent and
an ester-based organic solvent as a solvent, the concentration of the lipid may be 40 g/L to 250
g/L and preferably 100 g/L to 200 g/L.
[0055] (Water phase)

The water phase refers to an outer water phase and an inner water phase. The outer
water phase in the present invention means an aqueous solution in which liposomes are
dispersed. For example, in a case of an injection, a solution occupying the outside of the
liposome of a dispersion liquid of liposomes packaged and stored in a vial or prefilled syringe
becomes an outer water phase. In addition, similarly for a liquid to be dispersed at the time
of use in a case of being administered by means of an attached liquid for dispersion or other
dissolution liquid, a solution occupying the outside of the liposome of a dispersion liquid of
liposomes becomes an outer water phase.

The inner water phase in the present invention refers to a water phase in the closed
vesicle across the lipid bilayer membrane. In a case of producing liposomes, water (distilled
water, water for injection, or the like), physiological saline, various buffer solutions, aqueous
sugar solutions, and mixtures thereof (aqueous solvents) are preferably used as the aqueous
solution (outer water phase) in which the liposomes are dispersed.

[0056] The buffer solution is not limited to organic and inorganic buffer solutions, and a buffer
solution having a buffering action in the vicinity of a hydrogen ion concentration close to that
of the body fluid is suitably used and examples thereof include a phosphate buffer solution, a
Tris buffer solution, a citrate buffer solution, an acetate buffer solution, and a Good’s buffer

solution. The pH of the water phase is not particularly limited, but may be 5 to 9 and
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preferably 7 to 8. For example, it is preferable to use a phosphate buffer solution (for
example, pH = 7.4). The inner water phase of the liposome may be an aqueous solution in
which the liposomes are dispersed in a case of producing liposomes, or may be water,
physiological saline, various buffer solutions, aqueous sugar solutions, and mixtures thereof
which are newly added. The water used as an outer water phase or an inner water phase is
preferably free from impurities (dust, chemicals, or the like). The physiological saline refers
to an inorganic salt solution adjusted to be isotonic with the human body fluid, and may
further have a buffering function. Examples of the physiological saline include saline
containing 0.9 w/v% of sodium chloride, phosphate-buffered saline (hereinafter, also referred
to as PBS), and Tris-buffered saline.

[0057] (Evaporation step)

In the present invention, an evaporation step may be provided if necessary. In the
evaporation step, the organic solvent is evaporated from the aqueous solution containing
liposomes obtained in the emulsifying step. The evaporation step includes at least one of a
step of evaporating and forcibly removing a portion or all of the organic solvent derived from
the o1l phase, or a step in which a portion or all of the organic solvent in the oil phase
evaporates spontaneously during the course of stirring/emulsification.

[0058] The aqueous solution containing liposomes prepared through the emulsifying step may
be subjected to a post-treatment by a method such as centrifugation, ultrafiltration, dialysis,
gel filtration, or freeze-drying, for the purpose of removing components not contained in the
liposomes or adjusting the concentration and osmotic pressure. The obtained liposomes can
be made uniform in particle size by using dialysis, filtration, extrusion, or the like. In the
method for producing the liposome composition according to the embodiment of the present
invention, it is preferable to prepare empty liposomes in a state where no drug is loaded
without extrusion.

[0059] (Extrusion)

The extrusion refers to a step of passing liposomes through a filter having a fine pore
to apply a physical shearing force, thereby carrying out microparticulation of the liposomes.
In a case where the liposomes are passed through, rapid microparticulation of the liposomes
may be achieved by keeping the liposome dispersion liquid and the filter at a temperature
higher than or equal to the phase transition temperature of the membrane constituting the

liposome.
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[0060] (Drug loading step)

In the drug loading step according to the embodiment of the present invention, in a
case of encapsulating a water-soluble drug in liposomes, the drug can be encapsulated in the
liposomes such a manner that the drug is dissolved in an aqueous medium that is hydrated and
swelled, and the resulting drug solution is heated to a temperature higher than or equal to the
phase transition temperature, followed by ultrasonication, extrusion, or the like to encapsulate
the drug in the inner water phase of the liposome. Alternatively, the drug may be dissolved
in the water phase at the time of lipid emulsification to encapsulate the drug in the inner water
phase.

[0061] (Osmotic pressure adjusting step)

In the present invention, the osmotic pressure adjusting step makes the inner water
phase of the liposome hypertonic (pressure difference), whereby the drug is easily released.
The release rate can be controlled by setting the osmotic pressure. The osmotic pressure
adjusting step is not particularly limited, but a method such as dialysis can be adopted after the
drug loading step. For the osmotic pressure adjusting step, reference can be made to
WO02015/166985A or WO2015/166986A.

[0062] In the present invention, for example, in a case where the liposome composition
according to the embodiment of the present invention is used as a drug delivery system, the
required amount of the required drug can be released in a target affected area by controlling
the release. Meanwhile, hypertonic liposomes release a drug easily, whereas the drug also
easily leaks out of the liposomes during storage thereof, which makes it difficult to achieve
both drug releasability and storage stability. The liposome composition according to the
embodiment of the present invention has an unexpected effect that both drug releasability and
storage stability can be achieved at the same time, by setting for the liposome having an inner
water phase, which is obtained from the emulsified lipid, such that the osmotic pressure of the
inner water phase is 2 times or more and 8 times or less the osmotic pressure of the outer water
phase.

[0063] In the liposome composition according to the embodiment of the present invention, the
osmotic pressure of the inner water phase is 2 times or more and 8 times or less, preferably 2.5
times to 6 times, and more preferably 3 times to 5 times the osmotic pressure of the outer
water phase. It is generally known that, by making the osmotic pressure of the inner water
phase 2 times or more the osmotic pressure of the outer water phase, the lipid bilayer

membrane of the liposome exhibits a structure such as a bilayer membrane structure or an
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interlaced finger-like structure. In a case where the osmotic pressure of the inner water phase
is 2 times or more that of the outer water phase, the liposomes begin to change from a bilayer
membrane structure to an interlaced finger-like structure. In the present invention, various
lipid conditions may be set in order to obtain a suitable interlaced finger-like structure, but it is
preferable to control by adjusting the cholesterol ratio. As a result, it is possible to obtain a
liposome composition capable of achieving both drug releasability and storage stability.
[0064] In the liquid obtained after the final drug loading step, the solutes of the outer water
phase and the inner water phase are homogenized, and therefore the osmotic pressure at that
time can be defined as the osmotic pressure of the inner water phase of the completed
liposome composition. However, in the subsequent replacement/osmotic pressure adjusting
step by dialysis of the outer water phase, the heating operation is limited to a case where the
solute of the inner water phase is sufficiently retained, such as the temperature being kept
equal to or lower than the phase transition temperature of the lipid. In addition, the osmotic
pressure of the outer water phase can be defined by the osmotic pressure of a dialysis liquid
used in the final dialysis step. However, it is limited to a case where the outer water phase
can be sufficiently replaced with a dialysis liquid. ~Alternatively, the osmotic pressure of the
inner water phase and the outer water phase can also be obtained in such a manner that the
completed solution of the liposome composition is subjected to centrifugation or ultrafiltration
to quantify the composition concentration of the solute of the outer water phase and the
composition concentration of the solute of the inner water phase and measure the osmotic
pressure of the composition liquid.
[0065] The osmotic pressure may be measured according to the osmotic pressure measuring
method described in the 16th revised Japanese Pharmacopoeia. Specifically, the osmolality
can be determined by measuring a degree of freezing point (ice point) depression of water. In
addition, the degree of freezing point depression of water is defined by a solute molar
concentration, and the osmolality can also be determined from the solute molar concentration.
[0066] The osmotic pressure of the outer water phase in the present invention has an important
effect on the living body during administration. In a case where the osmotic pressure of the
outer water phase greatly deviates from the osmotic pressure of the body fluid, hemolysis and
pain occur due to the movement of water in each tissue. Therefore, the osmotic pressure of
the outer water phase in the present invention is preferably 200 to 400 mOsmol/L, more

preferably 250 to 350 mOsmol/L, and most preferably isotonic with the body fluid.
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[0067] (Sterile filtration)

The aqueous solution containing liposomes obtained by the method for producing a
liposome composition according to the embodiment of the present invention is preferably
subjected to sterile filtration. Regarding the filtration method, it is possible to remove
unwanted materials from an aqueous solution containing liposomes by using a hollow fiber
membrane, a reverse osmosis membrane, a membrane filter (preferably a 0.2 um filtration
sterilization filter), or the like.

[0068] (Additives and the like for liposome composition according to embodiment of present
invention)

The liposome composition according to the embodiment of the present invention can
be prepared by adding additives including a medium such as an aqueous solution, a salt, a
preservative, a buffer, and the like which are pharmaceutically acceptable, for administration
to a subject. Examples of an aqueous carrier include water, an alcohol/water solution,
physiological saline, and a parenteral medium such as sodium chloride or glucose. Examples
of an intravenous medium include water and a nutritional supplement. Examples of the
preservative include an antibacterial agent, an antioxidant, a chelating agent, and an inert gas.
The pH of the liposome composition and the concentrations of the various components can be
adjusted to the desired values.

[0069] The administration method of the liposome composition according to the embodiment
of the present invention is preferably parenteral administration. For example, intravenous
injection such as intravenous drip, intramuscular injection, intraperitoneal injection,
subcutaneous injection, intraocular injection, and intrathecal injection can be selected. A
specific administration method of the liposome composition may be, for example,
administration by syringe or intravenous drip. In a case where the liposome composition
according to the embodiment of the present invention is administered simultaneously or
sequentially in combination with the immune checkpoint inhibitor according to the
embodiment of the present invention, the effective dose and dosing period of the liposome
composition can be selected so as to exhibit a therapeutic synergistic effect. However, the
present invention is not limited to these doses.

[0070] (Container for liposome composition according to embodiment of present invention)

The container for the liposome composition according to the embodiment of the
present invention is not particularly limited, and it is preferably made out of a material having

low oxygen permeability. Examples of the container include a plastic container, a glass
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container, and a laminated film bag with an aluminum foil, an aluminum vapor deposition film,
an aluminum oxide vapor deposition film, a silicon oxide vapor deposition film, a polyvinyl
alcohol, an ethylene-vinyl alcohol copolymer, a polyethylene terephthalate, a polyethylene
naphthalate, a polyvinylidene chloride, or the like as a gas barrier layer. The container can be
shielded from light by employing, for example, a bag using a colored glass, an aluminum foil,
an aluminum vapor deposition film, or the like, if necessary. In order to prevent oxidation
due to oxygen existing in the space inside the container, it is preferable to replace the gas in
the container space and drug solution with an inert gas such as nitrogen. For example, an
injection solution is bubbled with nitrogen, whereby the filling of the injection solution into a
container can be carried out under a nitrogen atmosphere.

[0071] (Release rate)

The release rate means an amount of drug (here, gemcitabine) that goes out of the
liposome per unit time. In the present invention, the release rate in plasma at 37°C is
preferably 10% by mass/24 hr or more and 70% by mass/24 hr or less, more preferably 20%
by mass/24 hr or more and 60% by mass/24 hr or less, and still more preferably 20% by
mass/24 hr or more and 50% by mass/24 hr or less.

Since the release rate depends on the temperature, it is preferable to measure the
release rate under constant temperature conditions. For example, in a case of human, the
temperature is not particularly limited, but it is preferable to measure the release rate within
the range of body temperature (35°C or higher and 38°C or lower).
[0072] In a case where the release rate is less than 10% by mass/24 hr, sufficient in vivo
exposure time as an anticancer agent may not be obtained, and therefore the expected drug
efficacy may not be obtained in many cases; and unexpected toxicity may be manifested in
some cases due to unnecessary long-term in vivo retention of liposomes containing an
anticancer agent, and accumulation of the liposomes in tissues such as skin where the
liposomes are not easily distributed. In addition, in a case where the release rate is more than
70% by mass/24 hr, the amount of drug exposed per unit time increases and the maximum
blood concentration of the drug becomes high, resulting in increased toxicity; and the leaked
drug is distributed to tissues other than the tumor site or is rapidly metabolized to reduce its
retention in blood, which is thus not preferable.
[0073] (Tumor volume)

In the present invention, a tumor can be transplanted into a model animal (preferably

a mouse or a rat) in order to measure the tumor volume. Inhibition of tumor volume growth
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depends on the drug used, the combination of lipids or the like constituting the liposome, and
the effective amount. The inhibition of tumor volume growth refers to at least one of
inhibiting tumor growth, achieving tumor stasis, or achieving substantial or complete tumor
regression.
[0074] In a case where the liposome composition according to the embodiment of the present
invention is administered to a subject such as a mammal, the administration can be started
after assignment of model animals into a treatment group and a control group, and then
transplantation of tumor cells into the subject animals, for example, growth of the tumor cells
to 100 to 1,000 mm such that the tumor cells settle.
[0075] For example, in a case where the model animal is a mouse, mice in each group can be
weighed as a whole daily until the animals reach a minimum body weight, as an evaluation of
the liposome composition according to the embodiment of the present invention. Tumors can
be measured with calipers or the like until final sacrifice of the animals for sampling, until
tumors reach 2,000 mm?®, or until the animals die. The tumor volume in a mammalian subject
can be measured using any method recognized in the related art. For example, caliper
measurement can be used to evaluate the tumor volume using the expression: (a x b%) x 0.5,
where “a” is a maximum diameter and “b” is a minor axis length. In addition, in a case of
humans, the tumor volume can be measured by a technique for diagnostic imaging such as
computer tomography (CT) scanning or magnetic resonance imaging (MRI) scanning.
[0076] Tumors applied to the pharmaceutical formulation according to the embodiment of the
present invention are not particularly limited, and the pharmaceutical formulation according to
the embodiment of the present invention can be widely applied to treatments of common
cancers such as breast cancer, non-small cell lung cancer, small cell lung cancer, colorectal
cancer, non-Hodgkin's lymphoma (NHL), renal cell carcinoma, prostate cancer, hepatocellular
carcinoma, gastric cancer, pancreatic cancer, soft tissue sarcoma, Kaposi's sarcoma, carcinoid
carcinoma, head and neck cancer, melanoma, ovarian cancer, bile duct cancer, mesothelioma,
and multiple myeloma. The pharmaceutical formulation according to the embodiment of the
present invention is preferably used for treating a tumor disease for which a therapy using
gemcitabine is effective, and more preferably for treating a tumor disease resistant to
gemcitabine.
[0077] The resistance means that cancer cells show resistance to an anticancer agent and
includes the natural resistance to which the anticancer agent does not work from the beginning

of treatment and a condition in which an initially effective anticancer agent is ineffective or
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diminishes in effect as the treatment continues. Specifically, the resistance refers to a
property that cells did not show an appropriate response to an anticancer agent in that the cells
responded to the anticancer agent in the early stage, but then showed a decrease in
responsiveness during the treatment, or in that the cells continued to proliferate during the
treatment with the anticancer agent.
[0078] ((B) Immune checkpoint inhibitor)

The term “immune checkpoint inhibitor” refers to a drug that inhibits binding of an
immune checkpoint to a ligand thereof to inhibit signal transduction by the immune
checkpoint. Examples of the immune checkpoint inhibitor include immune checkpoints and
ligands thereof that are presented on the surface of T cells, specifically, molecules such as
PD-1, CTLA-4, TIM3, LAG3, PD-L1, PD-L2, BTNL2, B7-H3, B7-H4, CD48, CD80, 2B4,
BTLA, CD160, CD60, CD86, and VISTA, but the present invention is not limited thereto. In
the present invention, the immune checkpoint inhibitor is preferably an agent that inhibits at
least one selected from programmed cell death protein 1 (PD-1) or a ligand thereof PD-L1 or
PD-L2, or cytotoxic T lymphocyte antigen 4 (CTLA-4). PD-1 (Programmed death-1,
CD279) is a 50-55 kDa type I membrane protein belonging to the CD28/CTLA-4 family that
acts to enhance and/or suppress lymphocyte activation signals. In addition, PD-L1 (also
known as B7-H1 or CD274) and PD-L2 (also known as B7-DC or CD273) are ligands of PD-1
expressed on the surface of antigen-presenting cells.

[0079] The immune checkpoint inhibitor may be any substance which is capable of binding to
an immune checkpoint and a ligand thereof, which are presented on the surface of T cells.
For example, at least one of an anti-PD-L1 antibody, an anti-PD-L2 antibody, or an
anti-CTLA-4 antibody known in the related art can be used. An anti-PD-L1 antibody, an
anti-PD-L2 antibody, an anti-CTLA-4 antibody, and the like are commercially available from,
for example, Bio X Cell. Specific examples of the immune checkpoint inhibitor include, but
are not limited to, nivolumab, pembrolizumab, ipilimumab, atezolizumab, durvalumab,
avelumab, tremelimumab, and abatacept. In addition, it is also possible to use at least one of
an anti-PD-1 antibody, an anti-PD-L1 antibody, or an anti-PD-L2 antibody in combination
with an anti-CTLA-4 antibody, as the immune checkpoint inhibitor.

[0080] The immune checkpoint inhibitor according to the embodiment of the present invention
can be administered to a subject by oral or parenteral administration and preferably parenteral
administration. The administration method specifically includes injection administration,

nasal administration, pulmonary administration, transdermal administration, and the like.
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Examples of the injection administration include intravenous injection, intramuscular injection,
intraperitoneal injection, and subcutaneous injection. In addition, the administration method
can be appropriately selected depending on the age and symptoms of the subject. The dose
can be selected, for example, in the range of 0.0001 mg to 1,000 mg per kg subject body
weight per administration.  Alternatively, the dose can be selected within the range of 0.001
mg/body to 100,000 mg/body per patient. In a case where the immune checkpoint inhibitor
according to the embodiment of the present invention is administered simultaneously or
sequentially in combination with the liposome composition according to the embodiment of
the present invention, the effective dose and dosing period of the immune checkpoint inhibitor
can be selected so as to exhibit a therapeutic synergistic effect. However, the present
invention is not limited to these doses.

[0081] (Additives and the like for immune checkpoint inhibitor)

The immune checkpoint inhibitor according to the embodiment of the present
invention can be prepared by adding additives including a medium such as a pharmaceutically
acceptable aqueous solution, a salt, a preservative, a buffer, and the like for administration
thereof to a subject, in addition to an anti-PD-1 antibody, an anti-PD-L1 antibody, an
anti-PD-L2 antibody, an anti-CTLA-4 antibody, and the like. Specifically, the
above-mentioned additives and the like of the liposome composition according to the
embodiment of the present invention can be similarly applied.

[0082] The pharmaceutical formulation according to the embodiment of the present invention
can be used to treat a subject having a cancer that is refractory to treatment with an immune
checkpoint inhibitor. For example, a subject for whom a desired drug efficacy was not
observed by the administration of the immune checkpoint inhibitor can be treated with the
pharmaceutical formulation according to the embodiment of the present invention.

[0083] Although the mechanism of action of the pharmaceutical formulation according to the
embodiment of the present invention is unknown, it is presumed to be as follows, but the
present invention is not limited thereto. It is presumed that the pharmaceutical formulation
according to the embodiment of the present invention has an excellent growth inhibitory effect
on tumor cells, due to an enhanced permeation and retention effect (EPR effect) in which
liposomes encapsulating gemcitabine in a dissolved state permeate through the interstitial
spaces of endothelial cells that make up neovascular vessels existing around tumors and are
accumulated and retained in tumor tissues.

In addition, it is presumed that the immune checkpoint inhibitor enhances the
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immunity against cancer by inhibiting the interaction with an immune checkpoint molecule
such as PD-1 or a ligand thereof PD-L1, or CTLA-4, whereby the progression of cancer can be
suppressed or the cancer can be treated.

Furthermore, the pharmaceutical formulation according to the embodiment of the
present invention has a strong antitumor activity even with a small amount of gemcitabine by
simultaneously or sequentially administering a liposome composition containing gemcitabine
in a dissolved state and an immune checkpoint inhibitor in combination. In addition, the
pharmaceutical formulation according to the embodiment of the present invention has a tumor
growth inhibitory effect superior to that of the treatment with a liposome composition alone or
an immune checkpoint inhibitor alone; or as shown in the Examples, the pharmaceutical
formulation according to the embodiment of the present invention has a remarkable and
unexpected effect that complete remission is achieved in 2 out of 8 cases of application to
mice.

Examples

[0084] Hereinafter, the present invention will be specifically described with reference to
Examples, but the present invention is not limited thereto. It is understood that the present
invention can be variously changed and modified by those skilled in the art. Unless such
changes and modifications depart from the scope of the present invention, those changes and
modifications are included in the present invention. Various reagents used in the Examples
are commercially available unless otherwise specified.

[0085] (Composition of gemcitabine-containing liposome composition (hereinafter, also
referred to as liposome composition according to embodiment of present invention or Lipo))

Gemcitabine hydrochloride: 0.57 mg/mL

HSPC (Note 1): 11.3 mg/mL

MPEG-DSPE (Note 2): 2.91 mg/mL

Cholesterol: 1.39 mg/mL

Sucrose: 94 mg/mL

L-histidine: 1.55 mg/mL

Sodium chloride: 0.188 mg/mL

pH adjusting agent: q.s.

(Note 1) hydrogenated soy phosphatidylcholine

(Note 2) N-(carbonyl-methoxypolyethylene glycol
2000)-1,2-distearoyl-sn-gly cero-3-phosphoethanolamine sodium salt
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[0086] Gemcitabine hydrochloride was obtained from Teva API, Inc. HSPC and
MPEG-DSPE were obtained from NOF Corporation. For other reagents, commercially
available products conforming to the United States Pharmacopeia were used.
[0087] (Physical properties of gemcitabine-containing liposome composition)

The osmotic pressure of the inner water phase of the liposome was 3.8 times the
osmotic pressure of the outer water phase.

The release rate of gemcitabine from liposomes was 25%/24 hr at 37°C in human
plasma, the content of cholesterols was 18.9 mol% with respect to the total amount of lipid
components of the liposome composition, and the average particle size of the liposome was 77
nm.

[0088] As the anti-PD-1 antibody, (Bio X Cell, BE0146) was used. As the anti-PD-L1
antibody, (Bio X Cell, BEO101) was used. As the isotype control antibody, (Bio X Cell,
BE0090) was used. 5% glucose solution for injection (5% Glu) is an aqueous solution of
glucose 5 g/100 mL. EMT6 tumor cells (ATCC, CRL-2755) are derived from mouse
mammary gland and are gemcitabine-resistant tumor cells.

[0089] (Example 1)

Drug efficacy test with combined use of PD-L1 in tumor-bearing model mouse with
subcutaneous transplantation of EMT6

An anti-PD-L1 antibody (hereinafter, also referred to as PD-L1), gemcitabine
(hereinafter, also referred to as Gem), and gemcitabine-containing liposome composition
(hereinafter, also referred to as liposome composition according to the embodiment of the
present invention) were used as test substances. Gemcitabine hydrochloride (manufactured
by Teva Pharmaceutical Industries Ltd.) dissolved in physiological saline was used as Gem.
The liposome composition according to the embodiment of the present invention was diluted
with a 5% glucose solution for injection (hereinafter, also referred to as 5% Glu; 0.05 g/mL)
prior to use.

[0090] 3 x 10% EMT®6 cells, which are a mouse breast cancer cell line, were subcutaneously
transplanted into the flank of female Balb mice to form subcutaneous tumors. Using the
tumor volume as an index, inhibitory effects of combined administration of PD-L1 and Gem
and combined administration of PD-L1 and the liposome composition according to the
embodiment of the present invention on subcutaneous tumors were evaluated.

[0091] PD-L1 and an isotype control antibody thereof (hereinafter, also referred to as Iso

antibody) were intraperitoneally administered twice a week for a total of 3 weeks, and Gem,
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the liposome composition according to the embodiment of the present invention, and a solvent
therefor (5% Glu) were administered once a week by tail vein administration for a total of 3
weeks.
[0092] After the 3-week administration was completed, the drug was discontinued, and the
tumor volume measurement was continued for 2 weeks. Test subjects with a tumor volume
of more than 10% of body weight were euthanized during the test, and drug efficacy analysis
was carried out based on the survival rate (tumor-free survival %).
[0093] Group configuration was set to a combination of 5% Glu and Iso antibody (10 mg/kg)
for Group 1, a combination of 5% Glu and PD-L1 (10 mg/kg) for Group 2, a combination of
Gem (240 mg/kg) and Iso antibody (10 mg/kg) for Group 3, a combination of Gem (240
mg/kg) and PD-L1 (10 mg/kg) for Group 4, a combination of the liposome composition
according to the embodiment of the present invention (1 mg/kg) and Iso antibody (10 mg/kg)
for Group 5, a combination of the liposome composition according to the embodiment of the
present invention (1 mg/kg) and PD-L1 (10 mg/kg) for Group 6, a combination of the
liposome composition according to the embodiment of the present invention (4 mg/kg) and Iso
antibody (10 mg/kg) for Group 7, and a combination of the liposome composition according to
the embodiment of the present invention (4 mg/kg) and PD-L1 (10 mg/kg) for Group 8.
[0094] Groups 1 to 5 and 7 are Comparative Examples, and Groups 6 and 8 are Examples.
The upper limit of the dose of each drug was set as a dose that does not reach the minimum
body weight, assuming that the amount at which the weight loss rate does not exceed 20% is a
maximum tolerable dose (MTD). The group configuration and dose are shown in Table 1.
In Table 1, “Dose™ represents an amount as an active form of gemcitabine, “Twice/3W™
represents twice-weekly administration for a total of 3 weeks, “Once/3W” represents
once-weekly administration for a total of 3 weeks, “Abdomen”™ represents intraperitoneal
administration, “Tail” represents tail vein administration, and “Lipo” represents the liposome
composition according to the embodiment of the present invention. In addition, Lipo (1) and
Lipo (4) mean that the liposome composition according to the embodiment of the present
invention was administered to a subject at a dose of 1 mg/kg and a dose of 4 mg/kg,

respectively.
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[0095] [Table 1]
Dose . Gem, Liposome composition,
L. . IPD-L1 and Iso antibody
(mg/kg/administration) and 5% Glu
IDosage
Group |Test substance
ml/kg)
.. |Administration]Administration |AdministrationfAdministration
[PD-L1 Gemcitabine
route schedule route schedule

1 5% Glu + Iso antibody 0 0 [Abdomen Twice/3W Tail Once/3W 10
2 5% Glu + PD-L1 10 0 [Abdomen Twice/3W Tail Once/3W 10
3 Gem + Iso antibody 0 240 [Abdomen Twice/3W Tail Once/3W 10
4 Gem + PD-L1 10 240 [Abdomen Twice/3W Tail Once/3W 10
5 Lipo (1) + Iso antibody [0 1 [Abdomen Twice/3W Tail Once/3W 10
6 ILipo (1) + PD-L1 10 1 [Abdomen Twice/3W Tail Once/3W 10
7 Lipo (4) + Iso antibody [0 4 [Abdomen Twice/3W Tail Once/3W 10
8 Lipo (4) + PD-L1 10 4 [Abdomen Twice/3W Tail Once/3W 10

[0096] Changes in body weight are shown in Fig. 1. Changes in tumor volume are shown in
Fig. 2 (mean value) and Figs. 3 to 10 (on the basis of an individual). Table 2 shows the
number of test subjects in complete remission (test subjects with zero tumor volume) by
post-transplantation day 41, the number of test subjects in the group, and the complete
remission rate (%).

[0097] [Table 2]

INumber of test subjects in Number of . Complete remission
Group . individuals in rate
complete remission
group (%)
1 0 3 0
2 0 3 0
3 0 3 0
4 0 8 0
5 0 3 0
6 0 3 0
7 0 3 0
3 2 3 25

[0098] In Group 1, Group 2, Group 3, Group 4, Group 5, and Group 6, tumor growth could not
be stopped during the dosing period, and all test subjects were subjected to euthanasia by the
day of test termination, which is post-transplantation day 41. In Group 7, an excellent
growth inhibitory effect was exhibited, but all test subjects were subjected to euthanasia due to
re-growth of tumor after cessation of the drug. In Group 8, an excellent growth inhibitory
effect was exhibited, a tumor growth inhibitory effect was confirmed even after cessation of

the drug, and 2 out of 8 cases were in complete remission.
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[0099] The survival rate (tumor-free survival %) in a case where a test subject with a tumor
volume of more than 10% of body weight was euthanized was calculated, and the results of a
survival curve by the Kaplan-Meier method are shown in Fig. 11. In Fig. 11, the numbers
represent Group 1 to Group 8.  As a statistical analysis of an effect of prolonging the survival
time, a log-rank test was carried out, and a p value of less than 5% between the groups was
determined to have a statistically significant difference. Graghpad Prism version 5.03 was
used for the calculation of median survival calculated from the survival curve by
Kaplan-Meier method and the statistical analysis. Table 3 shows the results of analysis of the
survival curve by the Kaplan-Meier method.

In the log-rank test of Table 3, “a” indicates p < 0.05, “b” indicates p < 0.01, “c”
indicates p < 0.0001, and “ns” indicates no significant difference. “Undefined” indicates that
the survival rate did not fall below 50% in the median survival analysis and could not be
analyzed.

[0100] [Table 3]

Control group 2 |3 |5 |7 4 6 8
Comparative group 1 3 5 7
Log-rank [p value 0.1255 |0.1562  |0.0346  [<0.0001 0.2223 0.0109 0.0074
Tost Determinationfns ns a C ns a b

Control group|20 20 20 34 21.5 23 [Undefined

Median Comparative

) 16 16 16 16 20 20 34
survival  |group
?;r)cemage 1.25 1.25 1.25 2.125 1.075 1.15 X
0

[0101] No significant prolongation of the survival time was observed in Group 2 or Group 3 as
compared to Group 1, and PD-L1 or Gem could not exhibit an effect. On the other hand, a
statistically significant effect of prolonging the survival time was observed in Group 5 or
Group 7 as compared to Group 1. In the verification of the combinational effect, no
significant change in effect of prolonging the survival time was confirmed in Group 4 as
compared to Group 3, and the effect of prolonging the survival time was significantly
enhanced in Group 6 as compared to Group 5. Furthermore, Group 8 exhibited a significant
enhancement of the effect of prolonging the survival time as compared to Group 7, and 7 out
of 8 cases survived until the day of test termination, which is post-transplantation day 41.

[0102] From the above results, it was shown that the liposome composition according to the
embodiment of the present invention, in a case of being used in combination with PD-L1, had

an excellent growth inhibitory effect on EMT6 tumor cells that are resistant to the effects of
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Gem or PD-L1, and the growth inhibitory effect was superior to that of the combination of
Gem and PD-L1.
[0103] (Example 2)

Drug efficacy test with combined use of PD-1 in tumor-bearing model mouse with
subcutaneous transplantation of EMT6

As the test substance, the same substance as in Example 1 was used. 3 x 105 EMT6
cells, which are a mouse breast cancer cell line, were subcutaneously transplanted into the
flank of female Balb mice to form subcutaneous tumors. Using the tumor volume as an
index, inhibitory effects of combined administration of PD-1 and Gem and combined
administration of PD-1 and Lipo on subcutaneous tumors were evaluated. The test
substances PD-1 and a solvent therefor (PBS; phosphate-buffered saline) were
intraperitoneally administered twice a week for a total of 3 weeks, and the test substances Gem,
the liposome composition according to the embodiment of the present invention, and a solvent
therefor (5% Glu) were administered once a week by tail vein administration for a total of 3
weeks.  After the 3-week administration was completed, the drug was discontinued, and the
tumor volume measurement was continued for 2 weeks.
[0104] Group configuration was set to a combination of 5% Glu and PBS for Group 1, a
combination of 5% Glu and PD-L1 (10 mg/kg) for Group 2, a combination of Gem (240
mg/kg) and Iso antibody (10 mg/kg) for Group 3, a combination of Gem (240 mg/kg) and
PD-1 (10 mg/kg) for Group 4, a combination of Lipo (2 mg/kg) and PBS for Group 5, a
combination of Lipo (2 mg/kg) and PD-1 (10 mg/kg) for Group 6, a combination of Lipo (4
mg/kg) and PBS for Group 7, and a combination of Lipo (4 mg/kg) and PD-1 (10 mg/kg) for
Group 8.  Groups 1 to 5 and 7 are Comparative Examples, and Groups 6 and 8 are Examples.
The upper limit of the dose of each drug was set as a dose that does not reach the minimum
body weight, assuming that the amount at which the weight loss rate does not exceed 20% is a
maximum tolerable dose (MTD). The group configuration and dose are shown in Table 4.
In Table 4, “Dose™ represents an amount as an active form of gemcitabine, “Twice/3W”
represents twice-weekly administration for a total of 3 weeks, “Once/3W” represents
once-weekly administration for a total of 3 weeks, “Abdomen™ represents intraperitoneal
administration, “Tail” represents tail vein administration, and “Lipo” represents the liposome
composition according to the embodiment of the present invention. In addition, Lipo (2) and
Lipo (4) mean that the liposome composition according to the embodiment of the present

invention was administered to a subject at a dose of 2 mg/kg and a dose of 4 mg/kg,
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respectively.
[0105] [Table 4]
Dose .
.. . PD-L1 and PBS Gem, Lipo, and 5% Glu
(mg/kg/administration)
D
Group [Test substance (HTE?E;)
o IAdministration|Administration|Administration|Administration
PD-1 Gemcitabine
route schedule route schedule
1 5% Glu+PBS |0 0 IJAbdomen Twice/3W Tail Once/3W 10
2 5% Glu +PD-1 |10 0 IJAbdomen Twice/3W Tail Once/3W 10
3 Gem + PBS 0 240 IJAbdomen Twice/3W Tail Once/3W 10
4 Gem + PD-1 10 240 IJAbdomen Twice/3W Tail Once/3W 10
5 Lipo (2) + PBS [0 2 lJAbdomen [Twice/3W Tail Once/3W 10
§ Lipo (2) + PD-1 {10 2 IAbdomen Twice/3W Tail Once/3W 10
7 Lipo (4) + PBS [0 4 lJAbdomen [Twice/3W Tail Once/3W 10
8 Lipo (4) + PD1 10 4 lJAbdomen [Twice/3W Tail Once/3W 10

[0106] Changes in tumor volume are shown in Fig. 12 (mean value) and Figs. 13 to 20 (on the
basis of an individual). Table 5 shows the number of test subjects in complete remission (test
subjects with zero tumor volume) by post-transplantation day 41, the number of test subjects
in the group, the complete remission rate (%), and the mean tumor volume on each day after
transplantation, and Table 6 shows the tumor volume standard error on each day after
transplantation. In Table 5 and Table 6, “Number of test subjects in complete remission™
means that the tumor volume was zero. As a statistical analysis of the combinational effect, a
Bonferroni multiple comparisons test was carried out, and a p value of less than 5% between
the groups with respect to the number of days after transplantation was determined to have a
statistically significant difference.  Graghpad Prism version 5.03 was used for data

processing.
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[0107] [Table 5]

Number of Tumor volume mean value (mm?)

test INumber of [Complete .
Group [subjects in [individuals [remission rate Days after transplantation

complete [in group |(%)

remission 6 9 13 16 20 23
1 0 3 0 445 1095 1798 2781 - -
2 0 3 0 446 1040 1784 2514 - -
3 0 3 0 432 473 1129 1228 2265 3521
4 0 8 375 432 1227 1395 2305 3112
5 0 3 0 365 644 991 1117 1743 2271
6 1 3 12.5 524 739 946 849 1212 1327
7 0 3 0 486 672 969 1074 1590 1728
3 1 3 12.5 504 582 753 684 1000 963

[0108] [Table 6]
Tumor volume standard error (=mm?)

INumber of Number of C 1

test subjects [, umber o omp .ete [Days after transplantation
Group |. individuals [remission rate

in complete |. %)

remission | &P (%6 6 0 13 16 20 23
1 0 8 0 67 121 143 206 - -
2 0 8 0 61 85 147 327 - -
3 0 3 0 60 63 110 119 210 299
4 0 3 0 38 58 139 157 258 393
5 0 3 0 56 107 134 151 215 243
6 1 3 12.5 92 85 102 143 278 365
7 0 3 0 51 85 130 149 235 302
3 1 3 12.5 44 59 93 106 211 230

[0109] In Table 7, “a” indicates p < 0.05, “b” indicates p < 0.0001, and “ns” indicates no
significant difference.
[0110] [Table 7]

Control group 4 6 8

Comparative group [3 5 7

]t?aar}l/:palitrira tion p value range [Determinationjp value range  [Determinationp value range [Determination
6 p > 0.05 ns p>0.05 ns p > 0.05 ns

0 p>0.05 ns p > 0.05 ns p > 0.05 ns

13 p > 0.05 ns p>0.05 ns p > 0.05 ns

16 p > 0.05 ns p>0.05 ns p > 0.05 ns

20 p > 0.05 ns p <0.05 a p > 0.05 ns

23 p > 0.05 ns p < 0.0001 b p <0.05 o
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[0111] In Group 1, Group 2, Group 3, Group 4, and Group 5, tumor growth could not be
stopped during the dosing period, and all animals were subjected to euthanasia by the day of
test termination, which is post-transplantation day 41. In Group 7, an excellent growth
inhibitory effect was exhibited, but all animals were subjected to euthanasia due to re-growth
of tumor after cessation of the drug. In Group 6 or Group 8, not only an excellent growth
inhibitory effect was exhibited, but also a tumor growth inhibitory effect was confirmed even
after cessation of the drug, and 1 out of 8 cases was in complete remission.

[0112] In the verification of the combinational effect, it was not possible to show an
enhancement of the effect of combined use of PD-1 in Group 4 as compared to Group 3. On
the other hand, in Group 6 or Group 8, it was possible to show a significant enhancement of
the effect of combined use of PD-1 on post-transplantation day 23.

From the above results, it was found that the liposome composition according to the
embodiment of the present invention, in a case of being used in combination with PD-1, had
an excellent growth inhibitory effect on EMT6 tumor cells that are resistant to the effects of
Gem or PD-1, and exhibited a remarkable and unexpected growth inhibitory effect that is
superior to that of the combination of Gem and PD-1.

[0113] (Example 3)

Drug efficacy test with combined use of anti-CTLA-4 antibody in tumor-bearing
model mouse with subcutaneous transplantation of EMT6

The anti-CTLA-4 antibody (hereinafter, also referred to as CTLA-4), Gem, and the
liposome composition according to the embodiment of the present invention were used as test
substances. Gemcitabine hydrochloride (manufactured by Teva Pharmaceutical Industries
Ltd.) dissolved in physiological saline was used as Gem. The liposome composition
according to the embodiment of the present invention was diluted with 5% Glu prior to use.
[0114] 1.7 x 105 EMT®6 cells, which are a mouse breast cancer cell line, were subcutaneously
transplanted into the flank of female Balb/c mice to form subcutaneous tumors. Using the
tumor volume as an index, inhibitory effects of combined administration of CTLA-4 and Gem
and combined administration of CTLA-4 and the liposome composition according to the
embodiment of the present invention on subcutaneous tumors were evaluated.

[0115] CTLA-4 and a solvent therefor (PBS) were intraperitoneally administered twice a week
for a total of 3 weeks, and Gem, the liposome composition according to the embodiment of the
present invention, and a solvent therefor (5% Glu) were administered once a week by tail vein

administration for a total of 3 weeks.
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[0116] After the 3-week administration was completed, the drug was discontinued, and the
tumor volume measurement was continued for 4 weeks. Test subjects with a tumor volume
of more than 10% of body weight were euthanized during the test, and drug efficacy analysis
was carried out based on the survival rate (tumor-free survival %).

[0117] Group configuration was set to a combination of 5% Glu and PBS for Group 1, a
combination of 5% Glu and CTLA-4 (10 mg/kg) for Group 2, a combination of Gem (240
mg/kg) and PBS for Group 3, a combination of Gem (240 mg/kg) and CTLA-4 (10 mg/kg) for
Group 4, a combination of the liposome composition according to the embodiment of the
present invention (1 mg/kg) and PBS for Group 5, a combination of the liposome composition
according to the embodiment of the present invention (1 mg/kg) and CTLA-4 (10 mg/kg) for
Group 6, a combination of the liposome composition according to the embodiment of the
present invention (4 mg/kg) and PBS for Group 7, and a combination of the liposome
composition according to the embodiment of the present invention (4 mg/kg) and CTLA-4 (10
mg/kg) for Group 8.

[0118] Groups 1 to 5 and 7 are Comparative Examples, and Groups 6 and 8 are Examples.
The group configuration and dose are shown in Table 8. In Table 1, “Dose” represents an
amount as an active form of gemcitabine, “Twice/3W” represents twice-weekly administration
for a total of 3 weeks, “Once/3W” represents once-weekly administration for a total of 3
weeks, “Abdomen” represents intraperitoneal administration, “Tail” represents tail vein
administration, and “Lipo” represents the liposome composition according to the embodiment
of the present invention. In addition, Lipo (1) and Lipo (4) mean that the liposome
composition according to the embodiment of the present invention was administered to a

subject at a dose of 1 mg/kg and a dose of 4 mg/kg, respectively.
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[0119] [Table 8]
Dose Gem, Liposome composition,
. . -4 and PBS
(mg/kg/administration) (CTLA-4 an and 5% Glu
Dosage
Group [Test substance L/k
Gem and AdministrationAdministrationAdministrationAdministration(m &)
CTLA-4 |
Lipo route schedule route schedule
1 5% Glu + PBS 0 0 |JAbdomen [Twice/3W Tail Once/3W 10
2 5% Glu + CTLA-4 (10 0 |JAbdomen [Twice/3W Tail Once/3W 10
3 Gem + PBS 0 240 |JAbdomen [Twice/3W Tail Once/3W 10
4 Gem + CTLA-4 10 240 |JAbdomen [Twice/3W Tail Once/3W 10
5 Lipo (1) + PBS 0 1 |JAbdomen [Twice/3W Tail Once/3W 10
6 Lipo (1) + CTLA-4]10 1 |JAbdomen [Twice/3W Tail Once/3W 10
7 Lipo (4) + PBS 0 4 |JAbdomen [Twice/3W Tail Once/3W 10
8 Lipo (4) + CTLA-4]10 4 |JAbdomen [Twice/3W Tail Once/3W 10

[0120] Changes in tumor volume for each individual in each group are shown in Figs. 21 to 28.
Table 9 shows the number of test subjects in complete remission (test subjects with zero tumor
volume) by post-transplantation day 52, the number of test subjects in the group, and the
complete remission rate (%).

[0121] [Table 9]

[Number of test subjects Nurpber of . Complete remission
Group . . individuals in  [rate

in complete remission

group (Y0)

1 0 3 0
2 1 3 12.5
3 0 3 0
4 1 3 12.5
S 0 3 0
6 1 3 12.5
7 0 3 0
8 7 3 87.5

[0122] In Group 1, Group 2, Group 3, Group 4, Group 5, and Group 6, tumor growth could not
be stopped during the dosing period.  All test subjects in Group 1, Group 3, and Group 5, and
7 out of 8 test subjects in Group 2, Group 4, and Group 6 were subjected to euthanasia by the
day of test termination, which is post-transplantation day 52. In Group 7, an excellent
growth inhibitory effect was exhibited, but tumors increased after the dosing period and
therefore all test subjects were subjected to euthanasia. In Group 8, an excellent growth
inhibitory effect was exhibited, a tumor growth inhibitory effect was confirmed even after the

dosing period, and 7 out of 8 cases were in complete remission.
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[0123] The survival rate (tumor-free survival %) in a case where a test subject with a tumor
volume of more than 10% of body weight was euthanized was calculated, and the results of a
survival curve by the Kaplan-Meier method are shown in Fig. 29. In Fig. 29, Group 1 to
Group 8 mean Group 1 to Group 8. As a statistical analysis of an effect of prolonging the
survival time, a log-rank test was carried out, and a p value of less than 5% between the
groups was determined to have a statistically significant difference. Graghpad Prism version
5.03 was used for the calculation of median survival calculated from the survival curve by
Kaplan-Meier method and the statistical analysis. Table 10 shows the results of analysis of
the survival curve by the Kaplan-Meier method.

In the log-rank test of Table 10, “a” indicates p < 0.05, “b” indicates p < 0.001, “c”
indicates p < 0.0001, and “ns” indicates no significant difference. “Undefined” indicates that
the survival rate did not fall below 50% in the median survival analysis and could not be
analyzed.

[0124] [Table 10]

Control group 2 |3 |5 |7 4 6 8
Comparative group 1 3 5 7
Log-rank [P value 0.7161  0.001 0.0773  |<0.0001 0.1089  0.0134 < 0.0001
Lest Determinationins b ns c ns a c

Control group 21 29.5 22.5 33 35 29.5 [Undefined
Median B -
survival ~ [-omparative b, 21 21 21 29.5 025 33

group

Percentage  |1.00 1.40 1.07 1.57 1.19 1.31 -

[0125] No significant prolongation of the survival time was observed in Group 2 or Group 5 as
compared to Group 1, and a statistically significant effect of prolonging the survival time was
observed in Group 3 or Group 7 as compared to Group 1. In the verification of the
combinational effect, no significant change in effect of prolonging the survival time was
confirmed in Group 4 as compared to Group 3, and the effect of prolonging the survival time
was significantly enhanced in Group 6 as compared to Group 5. Furthermore, Group 8
exhibited a significant enhancement of the effect of prolonging the survival time as compared
to Group 7, and 7 out of 8 cases survived until the day of test termination, which is
post-transplantation day 52.

[0126] From the above results, it was shown that the liposome composition according to the
embodiment of the present invention, in a case of being used in combination with CTLA-4,

had an excellent growth inhibitory effect on EMT6 tumor cells that are resistant to the effects
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of Gem or CTLA-4, and the growth inhibitory effect was superior to that of the combination of
Gem and CTLA-4.
[0127] (Example 4)

Changes in immune cell composition in tumor in tumor-bearing model mouse with
subcutaneous transplantation of EMT6

Various immune cells infiltrate the tumor and affect tumor growth. The immune
cells coexist in a mixture of cytotoxic CD8-positive T cells that play a central role in antitumor
activity, antitumor immune cells centering on NK cells and M1 macrophages, and
tumor-promoting immune cells centering on regulatory T cells (Tregs) and M2 macrophages
that suppress these immune cells.
[0128] There are two types of subsets (M1 and M2) in macrophages. M1 macrophages
exhibit an antibacterial or antiviral activity and an antitumor activity. M2 macrophages
exhibit actions of tissue repair, neoangiogenesis, tumor growth promotion, and
immunosuppression. It is considered that macrophages infiltrating tumor tissues in
association with the progression of tumor (tumor-associated macrophages: TAM) shift from
M1 macrophages to M2 macrophages. From this, the predominance of M1 macrophages is
considered to be important for the antitumor action, and changing the balance of M1
macrophages and M2 macrophages may be a new therapeutic approach.
[0129] Cytotoxic CD8-positive T cells, which play a major role in tumor immunity, are cells
that have differentiated and proliferated by sensitizing unsensitized CD8-positive T cells by
antigenic stimulation or the like, and play a role of removing virus-infected cells, cancer cells,
and the like. Cancer cells considered non-self by CD8-positive T cells are induced to cell
death. On the other hand, it is known that cancer cells attract immunosuppressive cells such
as Tregs and M2 macrophages therearound to thereby suppress the attack from CD8-positive T
cells, and escape from the immune surveillance (reference: Immunology. 2013; 138(2):
105-115).
[0130] It is said that a high percentage of CD8-positive T cells in the tumor and a high ratio of
M1 macrophages compared to M2 macrophages result in an antitumor environment (reference:
J Clin Invest. 2012; 122(3); 787-95). Therefore, whether the state of intratumoral immune
cells in the combined administration of the anti-CTLA-4 antibody and Gem, and the combined
administration of the anti-CTLA-4 antibody and the liposome composition according to the
embodiment of the present invention was in an antitumor environment or a tumor growth

environment was evaluated based on the percentage of CD8-positive T cells and the
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percentage of M1 macrophages showing an antitumor activity and M2 macrophages showing a
tumor growth promoting activity as indices.
[0131] 3.0 x 10° EMT6 cells, which are a mouse breast cancer cell line, were subcutaneously
transplanted into the flank of female Balb/c mice to form subcutaneous tumors.
[0132] The anti-CTLA-4 antibody (hereinafter, also referred to as CTLA-4), Gem, and the
liposome composition according to the embodiment of the present invention were used as test
substances. Gemcitabine hydrochloride (manufactured by Teva Pharmaceutical Industries
Ltd.) dissolved in physiological saline was used as Gem. The liposome composition
according to the embodiment of the present invention was diluted with 5% Glu prior to use.
Individuals were used to whom CTLA-4 and a solvent therefor (PBS) were intraperitoneally
administered twice a week for a total of 5 times, and Gem, the liposome composition
according to the embodiment of the present invention, and a solvent therefor (5% Glu) were
administered once a week by tail vein administration for a total of 3 times. Tumors were
excised on Days 16 and 17 after the start of administration and used for analysis of
intratumoral immune cells.
[0133] The excised tumor was made into a cell-dispersed state using Tumor Dissociation Kit,
mouse (catalog number 130-096-730, manufactured by Miltenyi Biotec GmbH), and
intratumoral immune cells were isolated using CD45 (TIL) MicroBeads (catalog number
130-110-618, manufactured by Miltenyi Biotec GmbH). Dead cells were stained using
LIVE/DEAD (trademark) Fixable Yellow Dead Cell Stain Kit (catalog number L34968,
manufactured by Invitrogen Corporation), and various immune cell markers were stained
using the following fluorescently labeled antibodies. CD3 used was CD3 Antibody, Alexa
Fluor (registered trademark) 700 (catalog number 56-0032-82, manufactured by eBioscience,
Inc.), CD8 used was CD8a-PE-Vio 770, mouse (catalog number 130-102-358, manufactured
by Miltenyi Biotec GmbH), CD11b used was CD11b Monoclonal Antibody (M1/70), eFluor
450 (catalog number 48-0112-82, manufactured by eBioscience, Inc.), F4/80 used was
F4/80-APC, mouse (catalog number 130-102-379, manufactured by Miltenyi Biotec GmbH),
MHC Class II used was MHC Class II-APC-Vio 770, mouse (catalog number 130-112-233,
manufactured by Miltenyi Biotec GmbH), and CD206 used was PE/Cy7 anti-mouse CD206
(MMR) Antibody (catalog number 141720, manufactured by BioLegend, Inc.). The samples
were analyzed using a flow cytometer (Attune NxT, manufactured by Invitrogen Corporation).
CDS8-positive T cells (CD3-positive, CD8-positive), M1 macrophages (CDI11b-positive,
F4/80-positive, MHC Class II-positive, CD206-negative), and M2 macrophages
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(CD11b-positive, F4/80-positive, MHC Class II-negative, CD206-positive) were identified,
and the percentage of each cell group was calculated.

[0134] Group configuration was set to a combination of 5% Glu and PBS for Group 1, a
combination of Gem (240 mg/kg) and PBS for Group 2, a combination of the liposome
composition according to the embodiment of the present invention (4 mg/kg) and PBS for
Group 3, a combination of Gem (240 mg/kg) and CTLA-4 (10 mg/kg) for Group 4, and a
combination of the liposome composition according to the embodiment of the present
invention (4 mg/kg) and CTLA-4 (10 mg/kg) for Group 5.

[0135] Groups 1, 2, and 4 are Comparative Examples, and Groups 3 and 5 are Examples.
Group configuration and dose are shown in Table 11.

In Table 11, “Dose” represents an amount as an active form of gemcitabine, 5 times™
represents twice-weekly administration for a total of 5 times, “3 times” represents
once-weekly administration for a total of 3 times, “Abdomen™ represents intraperitoneal
administration, “Tail” represents tail vein administration, and “Lipo” represents the liposome
composition according to the embodiment of the present invention. In addition, Lipo (4)
means that the liposome composition according to the embodiment of the present invention
was administered to a subject at a dose of 4 mg/kg.

[0136] [Table 11]

[Dose Gem, Liposome composition, and
. . CTLA-4 and PBS
(mg/kg/administration) 5% Glu
osage
Group Test substance
(mL/kg)
T A Gem and [Administration  [Administration |Administration |Administration
Lipo route schedule route schedule
1 5% Glu+PBS [0 0 [Abdomen 5 times Tail 3 times 10
2 Gem + PBS 0 240 [Abdomen 5 times Tail 3 times 10
3 Lipo (4)+PBS [0 4 [Abdomen 5 times Tail 3 times 10
4 Gem + CTLA-4 (10 240 [Abdomen 5 times Tail 3 times 10
Lipo @ H . . .
5 10 4 [Abdomen S5 times Tail 3 times 10
CTLA-4

[0137] The percentage of each individual in each group and the mean value of each group are
shown in Fig. 30 (CD8-positive T cells), Fig. 31 (M1 macrophages), and Fig. 32 (M2
macrophages).

[0138] The percentage of CD8-positive T cells in the tumor was not changed in Group 1,
Group 2, Group 3, and Group 4, but the infiltration of CDS8-positive T cells was significantly

increased in Group 5. In addition, in a case where the percentage of M1 macrophages and
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the percentage of M2 macrophages were compared, M1 macrophages were significantly
increased and M2 macrophages were decreased in Group 5.
[0139] From the above results, it was suggested that the liposome composition according to
the embodiment of the present invention, in a case of being used in combination with CTLA-4,
shifts the balance of M1 macrophages and M2 macrophages in a tumor to an inflammatory
state and induces the infiltration of CD8-positive T cells, thus leading to an antitumor effect.
[0140] (Example 5)

Verification of effect of combinational effect of anti-CTLA-4 antibody on
CD8-positive T cells in tumor-bearing model mouse with subcutaneous transplantation of
EMT6

The anti-CTLA-4 antibody (hereinafter, also referred to as CTLA-4), the anti-CD8
antibody, and the liposome composition according to the embodiment of the present invention
were used as test substances. The liposome composition according to the embodiment of the
present invention was diluted with 5% Glu prior to use.

[0141] 0.5 x 105 EMTG6 cells, which are a mouse breast cancer cell line, were subcutaneously
transplanted into the flank of female Balb/c mice to form subcutaneous tumors. Using the
tumor volume as an index, CD8-positive T cells were removed by anti-CD8 antibodies to
evaluate the effect of the combined administration of CTLA-4 and the liposome composition
according to the embodiment of the present invention on an antitumor effect.

[0142] The anti-CD8 antibody, CTLA-4, and a solvent therefor (PBS) were intraperitoneally
administered twice a week for a total of 6 times, and the liposome composition according to
the embodiment of the present invention and a solvent therefor (5% Glu) were administered
once a week by tail vein administration for a total of 3 times.

[0143] Group configuration was set to a combination of CTLA-4 and the liposome
composition according to the embodiment of the present invention for Group 1, and a
combination of anti-CD8 antibody, CTLA-4, and the liposome composition according to the
embodiment of the present invention for Group 2.

[0144] The tumor volume of each individual in each group is shown in Fig. 33 (Group 1) and
Fig. 34 (Group 2).

[0145] The antitumor effect observed in Group 1 was completely abolished in Group 2 by
removing CD8-positive T cells.

[0146] From the above results, it was suggested that, in the combinational effect of the

liposome composition according to the embodiment of the present invention and CTLA-4, the
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infiltration of CD8-positive T cells in the tumor acts as the essential aspect of the antitumor
effect.
[0147] (Reference Example)

Changes in immune cell composition in circulating blood and tumor in human

It has been reported that Tregs and immunosuppressive myeloid-derived suppressor
cells (MDSCs) are increased in the peripheral blood of cancer patients, which is thus
associated with malignancy of cancer. Regulatory T cells (Tregs) play an important role in
"immune tolerance" that avoids an immune response to self but also participate in "immune
evasion" of cancer cells and therefore suppress an antitumor immune response (reference: J
Transl Med. 2016; 14; 282). MDSCs are progenitor cells of granulocytes, dendritic cells,
macrophages, or the like, and are highly diverse cell populations that are induced in response
to oncogenic factors such as cytokines and have different degrees of differentiation. It is
known that the most important function of MDSCs is suppression of immune response, and its
suppression mechanism is also extremely diverse. Based on these findings, MDSCs, along
with regulatory T cells, are cells that play an important role in an immunosuppressive
condition of cancer patients, and have recently attracted attention as cells that interfere with
cancer immunotherapy (reference: Journal of Japan Society of Immunology & Allergology in
Otolaryngology (JJTAO) 2013; 30(4): 271-278).

Therefore, in a phase 1 trial of the liposome composition according to the
embodiment of the present invention, changes in CD8-positive T cells and immunosuppressive
Tregs and MDSCs in circulating blood, as well as MDSCs in tumors were evaluated for cancer
patients administered with the liposome composition according to the embodiment of the
present invention.

[0148] The liposome composition according to the embodiment of the present invention was

used as a test substance. The dose and dosing schedule are shown in Table 12.
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[0149] [Table 12]

Cohort Test substance INumber of patients Pose 2 Administration
mg/m?) schedule

| L1poson_1e_ 3 1.2 mg/m> Once for 2 weeks
composition

N L1poson_1e_ 4 2.4 mg/m? Once for 2 weeks
composition

R L1poson_1e_ 3 4.8 mg/m? Once for 2 weeks
composition

[0150] Analysis of immune cells in peripheral blood was carried out before the test substance
administration (C1D1), 7 days after the first administration (C1D8), 14 days after the first
administration (C1D15), and 14 days after the second administration (C2D1), and single-cell
analysis was carried out before the test substance administration (pre-dose) and 15 days after
the second administration (C2D2).
[0151] Fig. 35 shows changes from C1D1 in the percentage of Ki67-positive CD8-positive T
cells, which is an index of growth, with respect to total CD8-positive T cells (CD3-positive,
CD8-positive) in circulating blood of patients. Fig. 36 shows changes from CID1 in
Ki67-positive Tregs with respect to total Tregs (CD3-positive, CD25-positive,
CD127-negative, foxp3-positive) in circulating blood. Fig. 37 shows changes from C1D1 in
M-MDSCs (CDI14-positive, CD15-negative MDSCs) with respect to total MDSCs
(CD3-negative, CD19-negative, CD56-negative, HLA-DR-negative, CD11b-positive,
CD33-positive) in circulating blood. Fig. 38 shows the values obtained by comparing
M-MDSCs between before the test substance administration and C2D2, with respect to total
MDSCs in tumors in 5 patients with tumor samples from Cohorts 1 to 3.
[0152] In Fig. 35, an increase in Ki67-positive CD8-positive T cells was observed in the group
of Cohort 3.

In Fig. 36, a decrease in Ki67-positive Tregs was observed in the group of Cohort 3.

In Fig. 37, a decrease in the percentage of M-MDSCs was observed in the group of
Cohort 3.

In Fig. 38, a decrease in the percentage of M-MDSCs was observed in the group of
Cohort 3.
[0153] From the above results, it was suggested that the liposome composition according to

the embodiment of the present invention has an effect of decreasing immunosuppressive
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Ki67-positive Tregs and M-MDSCs and an effect of increasing Ki67-positive CD8-positive T
cells having an antitumor effect. Due to these effects, the liposome composition according to
the embodiment of the present invention alone and a combination thereof with an immune
checkpoint inhibitor may be a novel therapeutic approach through an immune activating
effect.

[0154] The pharmaceutical formulation according to the embodiment of the present invention
is useful as a pharmaceutical formulation for preventing or treating cancer.  The
administration method according to the embodiment of the present invention is useful as a
method for administering a pharmaceutical formulation for preventing or treating cancer.
Furthermore, the treatment method according to the embodiment of the present invention is

useful as a treatment method for preventing or treating cancer.
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WHAT IS CLAIMED IS:

1. A pharmaceutical formulation comprising:
(A) a liposome composition in combination with (B) an immune checkpoint inhibitor,
wherein the liposome composition includes liposomes each having an inner water
phase, and an aqueous solution constituting an outer water phase and having the liposomes
dispersed therein, gemcitabine is encapsulated in a dissolved state in the liposomes, and the
liposome composition and the immune checkpoint inhibitor are administered simultaneously

or sequentially.

2. The pharmaceutical formulation according to claim 1,

wherein the liposome composition is a liposome composition in which an osmotic
pressure of the inner water phase of the liposome is 2 times or more and 8 times or less an
osmotic pressure of the outer water phase, and a release rate of gemcitabine from the liposome

is 10% by mass/24 hr or more and 70% by mass/24 hr or less at 37°C in human plasma.

3. The pharmaceutical formulation according to claim 1,

wherein the liposome composition is a liposome composition in which a content of
cholesterols is 10 mol% or more and 35 mol% or less with respect to a total amount of lipid
components of the liposome composition, and an osmotic pressure of the inner water phase is

2 times or more and 8 times or less an osmotic pressure of the outer water phase.

4. The pharmaceutical formulation according to any one of claims 1 to 3,
wherein the immune checkpoint inhibitor includes at least one selected from a PD-1

inhibitor, a PD-L1 inhibitor, a PD-L2 inhibitor, or a CTLA-4 inhibitor.

5. The pharmaceutical formulation according to claim 4,
wherein the immune checkpoint inhibitor includes at least one selected from a PD-1

inhibitor, a PD-L1 inhibitor, or a CTLA-4 inhibitor.
6. The pharmaceutical formulation according to any one of claims 1 to 5,

wherein the administration is carried out at a dose and for a dosing period that exhibit

a therapeutic synergistic effect.

Date Recgue/Date Received 2020-12-16



CA 03104084 2020-12-16

44

7. The pharmaceutical formulation according to any one of claims 1 to 6,

wherein a subject of administration has resistance to gemcitabine.
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