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Abstract

The present invention relates to a composition, in particular a solid pharmaceutical

composition comprising a compound having the formula |

5 asa free base or a salt thereof, and a mixture comprising a vehicle and a non-ionic surfactant in an
amount sufficient {0 achieve solubilization of compound (1); and typically wherein the composition
is coated with an enteric coating. Such composition is particularly useful in treatment of cancer.
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TITLE: SOLID ORAL DOSAGE FORM OF IRINOTECAN FOR THE TREATMENT OF CANCER
FIELD OF THE INVENTION

This present invention relates to a pharmaceutical composition comprising Irinotecan (or a
pharmaceutically acceptable salt thereof) and intended for oral use for the treatment of cancer. Typically, the
oral dosage form is a solid dosage form that has a high oral bioavailability of Irinotecan and at the same time
a low variability in absorption comparcd to prior tested oral formulations of lrinotecan. This invention also
relates to the preparation of a stable solid oral dosage form and methods of use thereof, for instance in the
treatment of cancer. Typically the composition is administered orally in combination with 5 fluorouracil (5-
FU) or with capecitabine being the oral pro-drug of 5-FU. The oral formulation is intended for use in patients
with metastatic colorectal carcinoma (mCRC), metastatic breast cancer (mBC) or other cancer indication

responsive to irinotecan antitumor activity.
BACKGROUND OF THE INVENTION

Irinotecan (7-ethyl-10-[4-(1-piperidino)-1-piperidino]-carbonyloxycamptothecin) is a semisynthetic analogue
of the natural alkaloid camptothecin extracted from plants such as Camptotheca acuminata. Irinotecan is an
antincoplastic agent of the topoisomerase 1 inhibitor class and used in the trcatment of various types of
cancer like metastatic colorectal cancer (mCRC), non-small cell lung cancer (NSCLC) and triple negative
breast cancer. Irinotecan is a precursor for and is in the body converted by carboxylesterase enzymes
primarily in the liver to the active metabolite SN-38. SN-38 is approximately 100-1000 times more cytotoxic
than irinotecan in human and rodent tumor cell lines. [n vitro irinotecan displays cytotoxic activity in tumor
cells with ICs values for irinotecan in the range 1.6 to 24 mg/L while those of SN-38 arc in the range 2 to 14
ug/L as given by Chabot RG [1]. Irinotecan and its active metabolite SN-38 bind to the topoisomerase I-
DNA complex and prevent the DNA from unwinding. Since topoisomerase 1 complexes with DNA only
during DNA synthesis, the cytotoxic action of the irinotecan metabolite likely takes place during S-phase.

The formation of a topoisomerase l/camptothccin/yDNA—cleavable complex results in cell injury or death.

Irinotecan is currently only administered as an aqueous solution for intravenous infusion over 30-90 minutes
weekly or every 3rd week. The product is originally marketed as an infusion concentrate under the trade
names CAMPTOSAR® or CAMPTO® and in the form of irinotecan, hydrochloride trihydrate (a salt of the

irinotecan basc).

A solid oral dosage form like a tablet formulation could provide significant convenience benefit to the

patients, who today have to attend the clinics or hospitals at repetitive visits over longer period to receive
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their intravenous chemotherapy medication. Development of an oral product for home treatment will prevent
the patient from being tied up to an infusor at the hospital a thus significantly improve the quality of life for
patients who need to undergo multiple cycles of treatment. From a pharmaco-economic perspective,
outpatient treatment will offer the society a significant reduction in health care costs to treat the individual

patient, if the patient can take his medication at home.

In addition, the availability of an oral treatment will make alternative dosing schedules such as more frequent
dosing with a smaller dose much more feasible. By more frequent dosing, the cancer cells will have
prolonged cxposure to the ccll cycle specific action of irinotecan improving the anti-tumor activity, At a
lower but more frequent dose, the side effects may be reduced while maintaining the same or better
efficiency on tumor cells by targeting more cells in the active S-phase. A more frequent dosing regimen of
irinotecan was shown to have a significant benefit both in terms of lower toxicity for the host and in efficacy
in terms of time to progression and overall survival for patient treated with irinotecan [2; 3; 4]. Metronomic
dosing or dose dense therapy, i.e. giving the chemotherapy at regular intervals at a low dose is a relative new

concept within chemotherapy that was pioneered e.g. by Robet Kerble from the University of Toronto [5].

Several attempts have been made in order to prepare oral formulations of irinotecan as described by Kuppens
et al [6]. All of these efforts have been based on the Irinotecan, hydrochloride, trihydrate salt. Initial human
phase I oral studies were performed using the intravenous product. The product was orally administered
together with juice for masking of the bitter taste and for prevention of nausca upon intake [7; 8; 9]. More
casily used oral formulations included 5, 20 and 50 mg powder-filled capsules [10; 11; 12; 13]. Also 5, 20
and 50 mg semi-solid matrix capsules for extended release of irinotecan were attempted [14; 15; 16; 17].
Clinical phase I studies using these formulations show that oral administration of irinotecan is feasible and
may have favorable pharmacokinetic characteristics. The oral bioavailability of irinotccan was however very

variable and low as found by Berlin et al. [15] and Radomski et al. [8].

Irinotecan is used as first-line therapy in patients with metastatic carcinoma of the colon or rectum in
combination with 5-fluorouracil in a treatment regimen abbreviated “FOLFIRI”. The most significant
adverse effects and dose-limiting factor of Irinotccan is severe diarrhea and extreme suppression of the
immune system. Irinotecan is further used in combination with capecitabine (Xeloda®) being an orally
active 5-FU analogue. This analoque in combination with irinotecan was well tolerated and more convenient
than irinotecan and 5-FU intravenous combinations in patients with previously untreated advanced colorectal
cancer in a phase UII clinical trial, see Rea DW et al. A solid oral dosage form of irinotecan offers the
possibility for an all tablct bascd dose regimen “CAPIRI” of the “FOLFIRI” treatment duc to the presence of

capecitabine as an oral tablet formulation of 5-FU.
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SUMMARY OF THE INVENTION

The present inventors have realized that a combination of a mixture of vehicle and non-ionic
surfactant wherein irinotecan is solubilized and processed into a solid composition which is then enteric
coated achieves a high oral bioavailability of irinotecan and at the same time a low variability in absorption
in a mammal, in particular a human subject and thereby making it appropriate as drug product of the narrow
index drug irinotecan. The pharmaceutical compositions of the present invention may, upon oral
administration to a human subject, exhibit a bioavailability (as measured by area under the curve, AUC) of at
least 8%, such as at least 10% or at least 15% of that observed following intravenous administration of an
equivalent dosage of irinotecan (e.g., CAMPTOSARR: (U.S. FDA NDA No. 020571) when measured under

the same conditions.

Accordingly, the present invention relates to a solid composition comprising a compound of formula

@)

as a free base or a salt thereof, wherein the compound (I) is solubilized in a mixture comprising a vehicle and
a non-ionic surfactant. Preferably, the composition is coated with an enteric coating. Typically, the

composition is a pharmaceutical composition.

The compound of formula (I) as used herein is intended to cover any form whether on crystalline or
amorphous form, and is intended to cover the free base as well as salts thereof, includinga pharmaceutically
acceptable salt. When on crystalline form the compound (I) may be on anhydrous as well as hydrous form.
Thus, the “compound of formula (I)” or “compound (1) used interchangeably herein, encompass all such
forms of compound (I) as well as salts or base thereof. The pharmaceutically acceptable salt is an acid

addition salt.

In another aspect the present invention concerns a solid composition, such as a pharmaceutical

composition, comprising a compound of formula (T)
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as a free base or a salt thereof, wherein the compound (I) is solubilized in a mixture comprising a vehicle and
a non-ionic surfactant, for usc in treatment of a cancer in a mammal in nced thereof, Preferably, the
composition is coated with an enteric coating, Typically, the cancer is selected from metastatic colorectal

5  carcinoma, metastatic breast cancer (mBC), and Non-small cellular lung cancer (NSCLC).

In a further aspect the present invention concerns a method of treating a cancer in a mammal, e.g. a
human subject, in nced thercof, comprising administration of a solid composition, such as a pharmaccutical

composition, comprising a compound of formula (T)

10  as a free base or a salt thereof, wherein the compound (1) is solubilized in a mixture comprising a vehicle and

a non-ionic surfactant. Preferably, the composition is coated with an enteric coating.

In a further aspect the present invention concerns a method of preparing a solid composition, such as

a pharmaceutical composition, comprising a compound of formula (1)
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as a free base or a salt thereof, wherein the compound (1) is solubilized in a mixture comprising a vehicle and
a non-ionic surfactant characterized by the steps of (a) solubilizing the compound of formula I as a free base
or a salt thereof in a mixture comprising a vehicle and a non-ionic surfactant, (b) preparing the solid
composition comprising the compound (I) solubilized in the mixture comprising the vehicle and the non-
ionic surfactant, and (c) optionally coating the composition with an enteric coating. Preferably, the

composition is coated with an enteric coating.
Further objects and advantages of the present invention will appear from the following description.

DESCRIPTION OF THE INVENTION

The present invention relates to a solid composition comprising a compound of formula I

as a free base or a salt thereof, wherein the compound (1) is solubilized in a mixture comprising a vehicle and
a non-ionic surfactant. The compound of formula (I) has the systematic chemical name: (S)-4,11-diethyl-
3,4,12,14-tetrahydro-4-hydroxy-3,14-dioxo 1 H-pyrano[3’,4’:6,7]-indolizino[ 1,2-b]quinolin-9-y1-

[1,4 bipiperidine]-1’-carboxylate. In Chemical Abstract (CAS) the chemical name is: [1,4'-Bipiperidine]-1'-
carboxylicacid,(45)-4,11-diethyl-3,4,12,14-tetrahydro-4-hydroxy-3, 14-dioxo- 1 H-

pyrano[3',4":6,7]indolizino[ 1,2-b]quinolin-9-yl ester. Typically, the solid composition is a pharmaceutical

composition.

As used herein the term “solubilized” means that the compound of formula (I) as the free base or a salt
thereof is encompassed in the mixture of the vehicle and the non-ionic surfactant that makes the compound
more soluble in water compared to the compound it selves. In general, solubilized means as described in:
International Union of Pure and Applied Chemistry, "Compendium of Chemical Terminology" ("the Gold
Book"), 2nd edition. Blackwell Scientific Publications, Oxford, 1997.

Date Regue/Date Received 2021-07-14
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In a further embodiment the compound of formula I is the free base. For instance, the free base is anhydrous

or is a hydrate, preferably anhydrous.

In a still further cmbodiment the compound of formula I is a salt. Typically, the salt is a pharmaccutically
acceptable salt, such as the hydrochloride salt. For instance, the salt is anhydrous or is a hydrate, preferably a

tri-hydrate.

In order to achicve a high oral bioavailability of irinotecan and at the same time a low variability in
absorption in a mammal the composition is coated with an enteric coating. In relation to the free base of
compound (I) a composition without an enteric coating will provide high oral bioavailability of irinotecan,
and is believed also to provide a low variability in absorption in a mammal. Whereas when a salt of

compound (1) is used the enteric coating will provide a low variability in absorption in a mammal.

When the compound (I) is the free base a typical mixture comprising the vehicle and the non-ionic surfactant
comprises a saturated or unsaturated medium or long chain fatty acid component as the vehicle and a water-

soluble surfactant with a Hydrophile-Lipophile Balance (HLB) value above 9 as the non-ionic surfactant.

When the compound (I) is the salt, such as the HCI salt, a typical mixture comprising the vehicle and the
non-ionic surfactant comprises a polyethylene glycol component as the vehicle and a water-soluble

surfactant with a Hydrophile-Lipophile Balance (HLB) value above 9 as the non-ionic surfactant.

Typically, the water-soluble surfactant is selected from Vitamin E polyethylene glycol succinate, Polysorbate
80, Polyoxyl 40 hydrogenated castor oil, Polyoxyl 35 castor oil, Caprylocaproyl macrogolglycerides,
Polyoxyl 15 Hydroxystearate, Polyoxyethylene 10 oleoyl ether, a pegylated tocopherol (c.g., tocopherol
polyethylene glycol succinate derivative, such as a vitamin E TPGS), a poloxamer, wherein useful
poloxamers (also denoted polyoxypropylene-polyoxyethylene block copolymers) include, for example,
poloxamer 188, poloxamer 237, poloxamer 338, poloxamer 407, and other block copolymers of ethylene
oxide and propylenc oxide such as the Pluronic® and/or Tetronic™ scrics available from BASF Corporation
of Florham Park, NJ. Suitablc block copolymers of the Pluronic” scries include polymers having a
molecular weight of about 3,000 or more such as, e.g. from about 4,000 to about 20,000 and/or a viscosity
(Brookfield) from about 200 to about 4,000 cps such as, e.g., from about 250 to about 3,000 cps. Suitable
examples include Pluronic™ F38, P65, P6SLF, P75, F77, P84, P8S, F87, F88, F98, P103, P104, P105, F108,
P123, F123, F127, 10R8, 17R8, 25R5, and 25R8. Suitable block copolymers of the Tetronic™ scries include
polymers having a molccular weight of about 8,000 or more such as, ¢.g., from about 9,000 to about 35,000
and/or a viscosity (Brookfield) of from about 500 to about 45,000 cps such as, e.g., from about 600 to about
40,000. The viscosities given above are determined at 60 °C for substances that are pastes at room

temperature and at 77 °C for substances that arc solids at room temperature.



10

15

20

25

30

CA 02973906 2017-07-14

WO 2015/107131 PCT/EP2015/050728

In some instances, the vehicle and the non-ionic surfactant may be selected from one component being both

a vehicle and a non-ionic surfactant. Typically, such component is Lauroyl polyoxylglycerides.

The solid composition of the present invention is entcric coated when the compound (I) is a salt, and
optionally enteric coated when the compound (1) is the free base. In one embodiment the enteric coating is
insoluble in gastric juice and in intestinal juice below a predetermined pH in a human subject, but soluble in
intestinal juice above the predetermined pH in the human subject. Such predetermined pH is preferably
selected in a range from about 4.5 to about 7, such as from about 5 to about 6.5, typically, the predetermined

pH may be about 5.5.

Typically, the composition of the present invention comprises from about 0.5% to about 50% by weight of
the compound (I) (based on 100% total weight of the composition without the enteric coating), such as from
about 2% to about 30% by weight of the compound (1), such as from about 2% to about 15% by weight of
the compound (I), such as from about 2% to about 8% by weight of the compound (1). When the compound
(I) is the free base it is preferred that the composition of the present invention comprises from about 3% to
about 8%, such as from about 3% to about 5%, by weight of the compound (). When the compound (1) is the
salt, typically the HCI salt, it is preferred that the composition of the present invention comprises from about

4% to about 8%, such as from about 4% to about 6%, by weight of the compound (I).

The composition of the present invention comprises the compound (I) in an amount of from 0.5 mg to about
150 mg (calculated based on the content of the free base of the compound (T)). Tn a further embodiment, the
compound (I) is present in an amount from about 1 to about 100 mg, for example, the compound (I) is
present in an amount from about 2 mg to about 80 mg, from about 4 mg to about 70 mg, or from about 25
mg to about 60 mg. Typically, the compound (1) is present in an amount of about 60 mg, about 30 mg, about

15 mg, or about 7.5 mg.

In a further embodiment the vehicle is selected from a saturated or unsaturated medium or long chain fatty
acid. Preferably, the saturated or unsaturated medium or long chain fatty acid contains from § to 24 carbon

atoms, such as from 8 to 20 carbon atoms, such as from 16 to 18 carbon atoms.

In a still further embodiment the vehicle is selected from a saturated or unsaturated medium chain fatty acid.
Typically, the medium chain fatty acid contains from 8-12 carbon atoms, such as caprylic acid (C8), capric

acid (C10) or lauric acid (C12).

In a further embodiment the vehicle is selected from a saturated or unsaturated long chain fatty acid.
Typically, the long chain fatty acid contains from 14-24 carbon atoms, such as linoleic acid (18:2), oleic acid
(18:1), palmitic acid (16:0), Palmitoleic acid (C16:1), linoleic acid (18:3), and stearic acid (18:0), and
mixtures thereof, wherein the first number in the brackets refers to the number of carbon atoms in the fatty

acid chain, and the second number refers to the degree of unsaturation.
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In a still further embodiment the vehicle is selected from a polyethylene glycol (PEG). Typically, the PEG is
selected from a PEG having an average molecular weight of at least 1000, for example, at least 3000, at least
4000, or at least 6000, such as from 1500 to 35000, e.g. from 8000 to 20000, preferably the PEG is PEG
6000.

In a further embodiment the vehicle is selected from a mixture of a saturated or unsaturated medium or long

chain fatty acid and a polyethylene glycol (PEG).

When the vehicle is selected from a PEG, it is typically present in an amount from about 20 to about 60 w/w
%, such as from about 25 to about 50 w/w % or about 25 to about 40 w/w %, such as about 25 w/w% bascd
on the total weight of the composition without the enteric coating. Typically, PEG is present in an amount
from about 20 to about 30 w/w % when PEG and poloxamer is mixed, such as about 25 w/w%, or from

about 30 to about 40 w/w % when PEG and TPGS is mixed, such as 37 w/w%.

In a still further embodiment the non-ionic surfactant is selected from a poloxamer and a pegylated

tocopherol.

When the non-ionic surfactant is selected from a pegylated tocopherol it is typically selected from a

tocopherol polyethylene glycol succinate derivative, such as a Vitamin E Polyethylene Glycol Succinate.

When the non-ionic surfactant is selected from a poloxamer it is typically selected from poloxamer 188,
poloxamer 237, poloxamer 338, poloxamer 407, and other block copolymers of ethylene oxide and
propylene oxide such as the Pluronic® and/or Tetronic™ series available from BASF Corporation of Florham

Park, NJ, such as poloxamer 188.

When the non-ionic surfactant is selected from a poloxamer it is typically present in an amount from about
0.5 to about 25 w/w %, such as from about 5 to about 20 w/w % or about 10 to about 20 w/w % (based on

100% total weight of the composition without the cnteric coating).

In a further embodiment the mixture of the vehicle and the surfactant is a mixture of PEG and a hydrophilic
polymeric surfactant. Typically, such surfactamt is a poloxamer. The PEG and the hydrophilic polymeric
surfactant are typicallt present in a proportion (on a weight/weight basis) of from about 1:3 to about 10:1,
from about 1:1 to about 5:1, from about 3:2 to about 4:1 or from about 2:1 to about 3:1, such as in a
proportion of about 3:2 (on a weight/weight basis). Preferably, the PEG is sclected from PEG 6000 and the
hydrophilic polymeric surfactant is selected from poloxamer 188 at a weight ratio of from about 2:1 to about

3:1, such as from about 2:1 to about 2.5:1, such as about 3:2.

In a still further cmbodiment the mixture of the surfactant and the vehicle is a mixture of a pegylated

tocopherol and a long chain fatty acid, for example palmitic acid. Typically of the pegylated tocopherol and
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the long chain fatty acid, for example palmitic acid is present in the proportion (on a weight/weight basis) of
from about 1:3 to about 10:1, from about 1:1 to about 5:1, from about 3:2 to about 4:1 or from about 2:1 to
about 3:1, such as in a proportion of about 5.5:1 (on a weight/weight basis). In one embodiment the long
chain fatty acid is palmitic acid and the pegylated tocopherol is vitamin E TPGS at a weight ratio of about

2:1 to about 3:1, such as from about 2:1 to about 2.5:1, such as about 5.5:1.

In another embodiment the mixture of the vehicle and the surfactant is a mixture of a PEG and a pegylated
tocopherol, such as a mixture of PEG 6000 and vitamin E TPGS at a weight ratio from 6:4 to about 20:1,

such as from about 3:1 to 10:1, such as about 5.5:1.

When the composition of the present invention is a pharmaceutical composition it may contain further
excipients in accordance with common general practice within formulation of solid pharmaceuticals. Thus,
the solid pharmaceutical composition of the present invention may further comprise one or more
pharmaceutically acceptable excipients. Examples of such excipicnts include, but are not limited to, fillers,
diluents, binders, lubricants, glidants, enhancers, wetting agents, surfactants, antioxidants, metal scavengers,
pH-adjusting agents, acidifying agents, alkalizing agents, preservatives, buffering agents, chelating agents,
stabilizing agents, coloring agents, complexing agents, emulsifying and/or solubilizing agents, absorption
enhancing agents, modify release agents, flavoring agents, taste-masking agents, humectants, and sweetening
agents. Each of these excipients constitutes individual embodiments and may be added to any of the claims

in any suitable combination.

Examples of suitable fillers, diluents and/or binders include lactose (e.g. spray-dried lactose, a-lactose, B-
lactose, Tabletose®, various grades of Pharmatose®, Microtose® or Fast-Floc®), microcrystalline cellulose
(various grades of Avicel®, Elcema®, Vivacel®, Ming Tai® or Solka-Floc®), hydroxypropyleellulose, L-
hydroxypropylcellulose (low substituted), hydroxypropyl methylcelluiose (HPMC) (e.g. Methocel E, F and
K, Metolose SH of Shin-Etsu, Ltd, such as, e.g. the 4,000 cps grades of Methocel E and Metolose 60 SH, the
4,000 cps grades of Methocel F and Metolose 65 SH, the 4,000, 15,000 and 100,000 cps grades of Methocel
K; and the 4,000, 15,000, 39,000 and 100,000 grades of Metolose 90 SH), methylcellulose polymers (such
as, ¢.g., Mcthocel A, Mcthocel A4C, Mcthocel A15C, Mcthocel A4M), hydroxyethylecllulose, sodium
carboxymethylcellulose, carboxymethylene, carboxymethylhydroxyethylcellulose and other cellulose
derivatives, sucrose, agarose, sorbitol, mannitol, dextrins, maltodextrins, starches or modified starches
(including potato starch, maize starch and rice starch), calcium phosphate (e.g. basic calcium phosphate,
calcium hydrogen phosphate, dicalcium phosphate hydrate), calcium sulfate, calcium carbonate, sodium

alginate, and collagen.

Examples of metal scavengers include, but are not limited to, tartaric acid, citric acid, oxalic acid, EDTA and

salts thereof, and DPTA (dicthylenetriaminepentaacetic acid) and salts thereof.
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Examples of diluents include, but are not limited to, calcium carbonate, dibasic calcium phosphate, tribasic
calcium phosphate, calcium sulfate, microcrystalline cellulose, powdered cellulose, dextrans, dextrin,

dextrose, fructose, kaolin, lactose, mannitol, sorbitol, starch, pregelatinized starch, sucrose, and sugar.

Examples of binders include, but are not limited to, acacia, alginic acid, agar, calcium carrageenan, sodium
carboxymethylcellulose, microcrystalline cellulose, dextrin, ethylcellulose, gelatin, liquid glucose, guar gum,

hydroxypropyl methylcellulose, methylcellulose, pectin, PEG, povidone, and pregelatinized starch.

Examples of glidants and lubricants include, but are not limited to, stearic acid, magnesium stearate, calcium
stecaratc or other metallic stearate, talc, waxes and glycerides, light mineral oil, PEG, glyceryl behenate,
colloidal silica, hydrogenated vegetable oils, corn starch, sodium stearyl fumarate, polyethylene glycols,

alkyl sulfates, sodium benzoate, and sodium acetate.

Examples of antioxidants include, but are not limited to, ascorbic acid, ascorbyl palmitate, butylated
hydroxyanisole, butylated hydroxytoluene, hypophosphorous acid, monothioglycerol, potassium
metabisulfite, propyl gallate, sodium formaldehylde sulfoxylate, sodium metabisulfite, sodium thiosulfate,
sulfur dioxide, tocopherol, tocopherol acetate, tocopherol hemisuccinate, and TPGS or other tocopherol
derivatives. The concentration of an antioxidant and/or a stabilizing agent in the tablet may be, for example,

from about 0.1% w/w to about 5% w/w (bascd upon 100% total weight of the unloaded tablet).

Typically, the composition of the present invention is a solid composition comprising a solid core and an
enteric coating and such solid core is typically selected from any one of a tablet core, capsule core, pellet
core or granulate core. In an embodiment the pharmaccutical composition of the present invention is sclected
from a tablet. In another embodiment the pharmaceutical composition of the present invention is selected
from a capsule. In a further embodiment the pharmaceutical composition of the present invention is selected
from a pellet. In a still further cmbodiment the pharmaceutical composition of the present invention is

selected from a granulate.

Preparation of the pharmaceutical compositions can be achieved by different processes known to the skilled
person. The key process step is formation of the granules, which contain the active ingredient in solubilized
or dispersed form. The granulates can be produced by ditferent granulation processes to achieve the provided
formulations, for instance high shear mixing, spray granulation, spray drying, hot melt extrusion and casting
followed by milling: The mixture of vehicles and surfactants is melted (at typically 75°C) and butylated
hydroxytoluenc is added. The active ingredient (irinotecan basc or irinotccan hydrochloride) is then added to
the vechicle mixture and dissolved (irinotecan base) or dispersed (irinotecan hydrochloride). Lactose
monohydrate was transferred to the granulation equipment to serve as carrier for the vehicle. The molten
active vehicle is then slowly poured or sprayed upon the lactose monohydrate to form granules while

cooling. For hot melt extrusion, the process will be different as all cxcipicnts arc mixed, heated and cxtruded.
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The produced granules are mixed with extra-granular excipients for 10 minutes and next lubricant is added

and mixed for five minutes. The mixture can be the compressed to tablets or filled into hard shell capsues.

When the pharmaceutical composition is a tablet the solid tablet core is typically a compressed or molded

tablet having a hardness of from about 20 N to about 150 N.

In a still further embodiment of the present invention the mixture is loaded into the solid core. Typically, the

compound of formula [ is dissolved in the mixture and loaded into the solid core.

In a further embodiment the pharmaceutical composition of the present invention may upon dispersion in
900m! 0,5M phosphate buffer at pH=8,0 dissolve the compound (I) so more than 1.5 times of the compound

(1) is found in solution compared to the dispersed compound (1) alone after 60 to 180 minutes.

In a still further embodiment the pharmaceutical composition of the present invention may upon dispersion
in 900ml (,5M phosphate buffer at pH=8,0 dissolve the compound (I) so more than 2.0 times of the

compound (I} is found in solution compared to the dispersed compound (1) alone after 60 to 180 minutes.

In a further aspect the present invention concerns a composition comprising a compound of formula 1

as a free base or a salt thereof, wherein the compound (I} is solubilized in a mixture comprising a vehicle and
a non-ionic surfactant for use in treatment of cancer in a mammal in need thereof. Preferably, the
composition is coated with an enteric coating. In further embodiments the cancer is selected from metastatic
colorectal carcinoma, mctastatic breast cancer (mBC), Non small cellular lung cancer (NSCLC) or other
cancer indication responsive to irinotecan antitumor activity. In a still further embodiment the composition is
administered daily for at least 5 doses of 5 mg/m’ to 200 mg/m’ within a treatment cycle. In a further
embodiment the composition is administered every second day for at least 5 doses of 5 mg/m’ to 200 mg/m”
within a treatment cycle.In a still further embodiment the composition is administered once or twice daily.
Typically, the daily dosage is from 5 to 200 mg/m’, such as from 10 to 150 mg/n?’, e.g. such as from 30 to

100 mg/m’.

In a still further aspect the present invention relates to a method of treating a cancer in a mammal in need

thereof, comprising administration of a composition comprising a compound of formula I
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as a free base or a salt thereof, wherein the compound (I) is solubilized in a mixture comprising a vehicle and
a non-ionic surfactant. The cancer is preferably sclected from metastatic colorectal carcinoma, metastatic
breast cancer (mBC), Non-small cellular lung cancer (NSCLC) or other cancer indication responsive to

irinotecan antifumor activity.

In an embodiment the present invention relates to a method of treating a cancerin a mammal in need thereof,
comprising administration of the composition of any one of the embodiments herein, whercin the
composition is administered daily or every second day for at least 5 doses of 5 mg/nt to 200 mg/m’ within a
treatment cycle. In a further embodiment the composition is administered once or twice daily. Typically, the

daily dosage is from 5 to 200 mg/m’, such as from 10 to 150 mg/m?’, e.g. such as from 30 to 100 mg/m’.
g/ g

In a further aspect the present invention relates to a method of reducing immunosuppressing side cffects of
irinotecan cancer treatment of a mammal in need thereof, comprising administration of the composition of
any one of the embodiments herein, wherein the composition is administered daily or every second day for at
least 5 doses of 5 mg/m’ to 200 mg/m” within a treatment cycle. In a further embodiment the composition is
administered once or twice daily. Typically, the daily dosage is from 5 to 200 mg/ne, such as from 10 to 150

mg/m’, e.g. such as from 30 to 100 mg/m’.

In a further aspect the present invention relates to a method of preparing a composition comprising a

compound of formula T
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as a free base or a salt thereof, wherein the compound (1) is solubilized in a mixture comprising a vehicle and
a non-ionic surfactant; and wherein the composition is optionally coated with an enteric coating
characterized by the steps of (a) solubilizing the compound of formula I as a free base or a salt thereof in a
mixture comprising a vehicle and a non-ionic surfactant, (b) preparing the solid composition comprising the
compound (I) solubilized in the mixture comprising the vehicle and the non-ionic surfactant as a granulate,
and optionally compressing the granulate to a tablet or filling a capsule with the granulate, and (c¢) optionally
coating the composition with an enteric coating. Preferably, the composition is coated with an enteric

coating.

Definitions

The term “acid addition salt” is intended to include “pharmaceutically acceptable acid addition salt”
which indicates salts which are not harmful to the patient. Acid addition salts include salts of inorganic acids
as well as organic acids. Representative examples of suitable inorganic acids include hydrochloric,
hydrobromic, hydroiodic, phosphoric, sulfuric, nitric acids and the like. Representative examples of suitable
organic acids include formic, acetic, trichloroacetic, trifluoroacetic, propionic, benzoic, cinnamic, citric,
fumaric, glycolic, lactic, maleic, malic, malonic, mandelic, oxalic, picric, pyruvic, salicylic, succinic,
methanesulfonic, ethanesulfonic, tartaric, ascorbic, pamoic, bismethylene salicylic, ethanedisulfonic,
gluconic, citraconic, aspartic, stearic, palmitic, EDTA, glycolic, p-aminobenzoic, glutamic, benzenesulfonic,
p-toluenesulfonic acids and the like. Further examples of pharmaceutically acceptable inorganic or organic

acid addition salts include the pharmaceutically acceptable salts listed in J. Pharm. Sci. 66, 2, (1977).

The term "HLB"or “HLB value” of a surfactant refers to the Hydrophilic-Lipophilic Balance and is a
measure of the degree to which it is hydrophilic or lipophilic, determined by calculating values for the
different regions of the molecule. For non ionin surfactants the HLB=20*Mh/M, where M is the molecular
mass of the whole molecule and Mh is the molecular mass of the hydrophilic portion of the Molecule. An
HLB value of 0 corresponds to a completely lipidphilic/hydrophobic molecule, and a value of 20
corresponds to a completely hydrophilic/lypidphobic molecule.

The term "mammal” or “mammal subject” as used herein (are interchangeable) refers to all sorts of

mammals, such as humans, horses, pigs, dogs, cats, sheeps, etc.

As used herein an “enteric coating” is a barrier applied to oral medication that controls the location
in the digestive system where it is absorbed. Most enteric coatings work by presenting a surface that is stable
at the highly acidic pH found in the stomach, but breaks down rapidly at a less acidic (relatively more basic)
pH. For example, they will not dissolve in the acidic juices of the stomach (pH ~3), but they will in the

alkaline (pH 7-9) environment present in the small intestine. Malerials used for enleric coalings include (ally

Date Regue/Date Received 2021-07-14
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acids, waxes, shellac, plastics, and plant fibers. Sometimes the abbreviation "EC" is added beside the name
of the drug to indicate that it has an enteric coating Typically the Composition of coatings is methyl acrylate-
methacrylic acid copolymers, cellulose acetate succinate, hydroxy propyl methyl cellulose phthalate,
hydroxy propyl methyl cellulose acetate succinate (hypromellose acetate succinate), polyvinyl acetate

phthalate (PV AP), methyl methacrylate-methacrylic acid copolymers, Sodium alginate and stearic acid.

All headings and sub-headings are used herein for convenience only and should not be construed as

limiting the invention in any way.

Any combination of the above-described elements in all possible variations thereof is encompassed

by the invention unless otherwise indicated herein or otherwise clearly contradicted by context.

Recitation of ranges of values herein are merely intended to serve as a short method of referring
individually to each separate value falling within the range, unless other-wise indicated herein, and each
separate value is incorporated into the specification as if it were individually recited herein. Unless otherwise
stated, all exact values provided herein are representative of corresponding approximate values (e.g., all
exact exemplary values provided with respect to a particular factor or measurement can be considered to also

provide a corresponding approximate measurement, modified by "about", where appropriate).

All methods described herein can be performed in any suitable order unless other-wise indicated

herein or otherwise clearly contradicted by context.

The terms “a” and “an” and “the” and similar referents as used in the context of de-scribing the
invention are to be construed to cover both the singular and the plural, unless otherwise indicated herein or

clearly contradicted by context. Thus, “a” and “an” and “the” may mean at least one, or one or more.

The use of any and all examples, or exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate the invention and does not pose a limitation on the scope of the
invention unless otherwise indicated. No language in the specification should be construed as indicating any

element is essential to the practice of the invention unless as much is explicitly stated.

The citation and incorporation of patent documents herein is done for convenience only and does not

reflect any view of the validity, patentability and/or enforceability of such patent documents.

Date Regue/Date Received 2021-07-14
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The description herein of any aspect or embodiment of the invention using terms such as

“comprising”, “having”, “including™ or “containing™ with reference to an element or elements is intended to
provide support for a similar aspect or embodiment of the invention that “consists of”, “consists essentially
of”, or “substantially comprises™ that particular clement or clements, unless otherwise stated or clearly
contradictcd by context (e.g., a composition described hercin as comprising a particular clement should be
understood as also describing a composition consisting of that element, unless otherwise stated or clearly

contradicted by context).

This invention includes all modifications and equivalents of the subject matter re-cited in the aspects

or claims presented herein to the maximum ¢xtent permitted by applicable law.

The features disclosed in the foregoing description may, both separately and in any combination

thereof, be material for realizing the mvention in diverse forms thereof.

EXAMPLES

Further description of the present invention will now be done by the following non-limiting
examples. It should be kept clearly in mind that the examples are mercly illustrative of the present invention
and should not be construed as limiting the scope of the invention in any way, as many variations and
equivalents that are encompassed by the present invention will become apparent 1o those skilled in the art

upon reading the present disclosure.

Example 1: Preparation of Oral Formulations

Oral irinotecan tablet formulations were prepared with the compositions shown in Table 1 to Table
7. Compositions are given for irinotecan potency equivalent to 7.5 mg irinotecan base but could as well have

been adjusted on every other irinotecan potencies by adjusting the tablet weights.

Oral formulation P01:

Tablet composition is given in Table 1
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Table 1. Composition of P01

Ingredicent Function Amount (mg) Amount (%)
Irinotecan base Active ingredient 7.5 3.55
Palmitic acid Vehicle 78.61 37.26
Vitamin E Polyethylene Glycol Vehicle/surfactant 13.87 6.58
Succinate

Lactose monohydrate 200 mesh | Carrier 66.67 31.60
Butylated hydroxytoluene Antioxidant 0.02 0.01
Microcrystalline cellulose Binder/filler 26.40 12.50
Croscarmellose sodium Disintegrant 15.83 7.50
Magnesium stearate Lubricant 2.11 1.00
Total 210.98 100.0

Irinotecan base was dissolved in molten Palmitic acid and Vitamin E Polyethylene Glycol Succinate (75°C),
and granulated with Lactose monohydrate using Butylated hydroxytoluene as antioxidant, The granulate was
mixed with Microcrystalline cellulose and Croscarmellose sodium for 10 minutes. At last, magnesium
stearate was added and mixing was done for 30 seconds. The mixture was compressed into tablets with tablet

weight 211 mg and hardness of 65 N.
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Oral formulation P02:
Tablet composition is given in Table 2.
Table 2 Composition of P02
Ingredient Function Amount {mg) Amount (%)
Trinotecan base Active ingredient 7.5 4.14
Lactose, spray-dricd Filler 128.77 71.14
Microcrystalline cellulose Binder/filler 42.92 23.71
Magnesium stearate Lubricant 1.81 1.00
Total 181.00 100.0

Irinotecan base was mixed with Microcrystalline cellulose for 10 minutes. Lactose was added and mixing

was rcpeated. At last, magnesium stearate was added and mixing was done for 30 seconds.

The mixture was compressed into tablets with tablet weight 181 mg and hardness of 65 N.

Oral formulation P03:

Tablet composition is given in Table 3.

Table 3 Composition of PO3

Ingredient Function Amount (mg) Amount (%)
Irinotecan hydrochloride, 3H,O | Active ingredient 8.66 4,76
Lactose, spray-dried Filler 128.64 70.68
Migrocrystalline cellulose Binder/filler 42.88 23.56
Magnesium stearate Lubricant 1.82 1.00
Total 182.00 100.0

Irinotecan hydrochloride was mixed with Microcrystalline Cellulose for 10 minutes. Lactose was added and

mixing was repeated. At last, magnesium stearate was added and mixing was done for 30 seconds.

The mixture was compressed into tablets with tablet weight 182 mg and hardness of 80 N.

Oral formulation P04

Tablet composition is given in

Table 4.
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Table 4 Composition of PO4
Ingredient Function Amount (mg) Amount (%)
Irinotecan hydrochloride, 3H.O | Active ingredient 8.66 4.14
Polyethylene glycol 6000 Vehicle 54.17 25.92
Poloxamer 188 Vehicle/surfactant 36.11 17.28
Lactose 200 mesh Carrier 65.96 31.56
Butylated hydroxytoluene Antioxidant 0.02 0.01
Microcrystalline cellulose Binder/filler 26.33 12.60
Croscarmellose sodium Disintegrant 15.68 7.50
Magncsium stcarate Lubricant 2.09 1.00
Total 209.0 100.0

Irinotecan hydrochloride was dispersed in molten Polyethylene glycol 6000 and Poloxamer 188 (75°C), and
granulated with Lactose monohydrate using Butylated hydroxytoluene as antioxidant. The granulate was
mixed with Microcrystalline cellulose and Croscarmellose sodium for 10 minutes. At last, magnesium

stearate was added and mixing was done for 30 seconds. The mixture was compressed into tablets with tablet

10

weight 209 mg and hardness of 52 N.

Oral formulation P05:

Tablet composition is given in Table 5.

Table 5 Composition of POS

Ingredient Function Amount (mg) Amount (%)
Irinotecan hydrochloride, 3H,O | Active ingredient | 8.66 414
Polyethylene glycol 6000 Vehicle 76.74 36.72
Vitamin E Polyethylene Glycol i

Succinate Vehicle/surfactant | 13.54 6.48

Lactose 200 mesh Carrier 65.96 31.56
Butylated hydroxytoluene Antioxidant 0.02 0.01
Microcrystalline cellulose Binder/filler 26.33 12.60
Croscarmellose sodium Disintegrant 15.68 7.50
Magnesium stearate Lubricant 2.09 1.00
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Total

209.0

100.0

Irinotecan hydrochloride was dispersed in molten Polyethylene glycol 6000 and Vitamin E Polycthylene
Glycol Succinate (70°C), and granulated with Lactose monohydrate using Butylated hydroxytoluenc as
antioxidant. The granulate was mixed with Microcrystalline cellulose and Croscarmellose sodium for 10
minutes. At last, magnesium stearate was added and mixing was done for 30 seconds. The mixture was

compressed into tablets with tablet weight 209 mg and hardness of 50 N.

Oral formulation P06:

Composition of solution is given in Table 7.

Table 6 Composition of P06

Ingredient Function Amount (mg) Amount (%)
Irinotecan hydrochloride, 3H,O | Active ingredient | 8.66 4.14
Lauroyl polyoxyl-32 glycerides | Vehicle/surfactant | 90.28 43.20
Lactose 200 mesh Carrier 65.96 31.56
Butylated hydroxytoluene Antioxidant 0.02 0.01
Microcrystalline cellulose Binder/filler 26.33 12.60
Croscarmellose sodium Disintegrant 15.68 7.50
Magnesium stearate Lubricant 2.09 1.00

Total 209.0 100.0

Trinotecan hydrochloride was dispersed in molten Lauroy! polyoxy!-32 glycerides (60°C), and granulated
with Lactose monohydrate using Butylated hydroxytoluene as antioxidant. The granulate was mixed with
Microcrystalline cellulose and Croscarmellose sodium for 10 minutes. At last, magnesium stearate was

added and mixing was done for 30 scconds. The mixture was compressed into tablets with tablet weight 209

mg and hardness of 50 N.

Granulation processes

The stated compositions of granulates can be produced by different granulation processes to achieve the

provided formulations, for instancc high shear mixing, spray granulation, spray drying and hot melt

extrusion.
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Tablet formulations provided were all granulated by high shear mixing: The mixture of vehicles and
surfactants was melted (at typically 75°C) and butylated hydroxytoluene added. The active ingredient
(irinotecan base or irinotecan hydrochlorid) was then added to the vehicle mixture and dissolved (irinotecan
base) or dispersed (irinotecan hydrochloride). Lactose monohydrate was transferred to the high shear mixer
and the molten active vehicle slowly pourcd upon the lactose monohydrate to form granules while cooling
the mixer bowl by cold water in the jacket. The produced granulates were sieved through a rotating screen,

size 2388,

Capsule formulations could be achieved from the above formulations by filling the produced granulates into

hard shell capsules followed by enteric coating.

Powder formulations (granules) could be achicved from the above formulations by enteric coating of the

produced granulates tollowed by filling into sachets.

Oral formulation P07:

Composition of solution is given in Table 7.

Tablc 7 Composition of P07

| Ingredicnt Function Amount (mg) Amount (%)

Irinotecan base Active ingredient | 7.50 7.50
Olcic acid Vehicle 77.08 77.08
Vitamin E Polyethylene Glycol

. Vehicle/surfactant | 15.40 15.40
Succinate
Butylated hydroxytoluene Antioxidant 0.02 0.02
Total 100 mg 100.0

Irinotecan base was dissolved in Oleic acid and molten Vitamin E Polyethylene Glycol Succinate (60°C),
and Butylated hydroxytoluene was added as antioxidant.

The solution was loaded into Gelatin capsules or loadable tablet cores.

Film coating
Tablet formulations were film-coated with a sub-coating followed by en enteric coating. The purpose of the
sub-coating was to enable better adhesion of the enteric coating. The composition of the sub-coating is

provided in Table 8 (5% weight increase) and enteric coating in Table 9 (7% weight increase).
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Film-coatings were performed in conventional coating equipment (fluid-bed) with the coating parameters

recommended by the supplier of film formulations.

Table 8 Sub-coating

Ingredient Function Amount (%)
Opadry AMB OY-B-28920 Film formulation 15.0
Purified water Solvent 85.0
Total 100.0

Table O Enteric coating

Ingredient Function Amount (%)
Acryl EZE white Film formulation 20,0
Dimethicone Anti-sticking agent 0.02
Tricthylcitrate Plasticizer 2.0
Purified water Solvent 77.98
Total 100.0

Example 2: Single Dose Pharmacokinetic Study in BAMA pig

A single dose pharmacokinetic study was performed in BAMA pigs to study the pharmacokinetic
properties of irinotecan after oral administration of two solid oral dosage forms. The study design was a

randomized, balanced, parallel group design. Each formulation was tested in totally six BAMA pigs.

Two solid oral dosage forms named P01, P02 formulated with irinotcan base were tested. The

composition of the formulations PO! and P02 were as described in Example 1.

One day prior to dosing the dogs were deprived of food from late afternoon by removing the feeding
trough. The food was resumed at 8 hours post dose. Gastric stomach pH was measurcd prior to

administration of the solid oral dosage forms.

Each animal received totally six (6) tablets of 7.5 mg irinotecan, i.¢. 45 mg irinotecan in total per pig
regardless of weight corresponding to a range of 2.5 — 2.9 mg/kg or 81.3 — 90.2 mg/m’ of body surfacc arca.
An oral applicator was used for peroral (PO administration) and the tablet was put directly on the aditus
laryngis of the dog to ensurc that the tablets were not chewed but swallowed as whole tablets. The animals

received 60 mL of water immediately following the tablet dosing to ensure the complete oral dosing.
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Blood samples (approximately ~0.5 mL) are taken from each animal at each dosing occasion on 10
time points up to 24 hours after dosing ( 0 (pre-dose); 1; 1.5; 2; 3; 4; 6; §; 12; 24h). Samples will be placed in
tubes containing EDTA (K2) and stored on an ice block until centrifuged at 4°C to obtain plasma within 15
minutes of sample collection. All samples are stored at approximately -70 °C until bioanalysis were
performed. Irinotccan and the active metabolite SN38 were both measured. At least two standard curves plus
6 QC samples (duplicate at each concentration) are applied during sample analysis for each run. The actual

number of standard curves and QC samples depend on the amount of unknown sample.

The PK parameters were determined by non-compartmental mode! of non-compartmental analysis
tool, Pharsight Phoenix WinNonlin®: 6.2 software. The pharmacokinetic parameters calculated are i.¢. total
exposure, or area under the concentration-time curve (AUCO-inf, AUCO-t), Peak exposure (Cmax), Time to

peak exposure (Tmax) and half-life (t/4). The pharmacokinetic data are provided in the table 10 below.

Table 10. Pharmacokinetic parameters of Irinotecan (free base) after oral dose of Irinotecan at 45 mg/animal

in fasted malc BAMA pigs (N=6)

- PK
Tmax Cmax t‘/z AUCo.h.s[ AUC[NF
parameters
Unit hr ng/mL hr hr¥*ng/mL hr¥*ng/mL
Treatment PK parameters of Irinotecan
PO1 5.00 127 10.9 1100 1238
P02 17.0 29.8 12.3 260 483

Example 3: Single Dose Pharmacokinetic study in Beagle Dogs

A single dose pharmacokinetic study was performed in Beagle dogs to study the pharmacokinctic
properties of irinotecan after oral administration of solid oral dosage forms. The study design was a
randomized, balanced, parallel group design and included twelve Beagle dogs. Each formulation was tested

in totally four dogs.
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Three solid oral dosage forms named P01, P04 and P05 and formulated with respectively irinotcan
base (P01) and irinotecan,hydrochloride, trihydrate (P04 and P0O5) were tested. The composition of the

formulations P01, PO4 and P05 were as described in Example 1.

One day prior to dosing the dogs were deprived of food from late afternoon by removing the feeding
trough. The food was resumed at 8 hours post dose. Pentagastrin was dosed via IM (6 ug/kg, 200 pg/mL in
water) 30 min prior to administration of the solid oral dosage forms. Pentagastrin was administered to ensure
low pH in the dog’s stomach, which otherwise will not have an as low pH as in humans stomachs. Gastric

pH was measurcd right before pentagastrin dosing and right before irinotecan dosing.

Each animal received totally four (4) tablets of 7.5 mg irinotecan, i.e. 30 mg irinotecan in total
corresponding to  a range of 3.1 - 3.6 mgkg or 60.8 - 67.6 mg/m’ (body surface area=0.1077*body
weight™(2/3)). An oral applicator was uscd for peroral (PO administration) and the tablet was put directly on
the aditus laryngis of the dog to ensure that the tablets were not chewed but swallowed as whole tablets. The
animals received 100 mL of water immediately following the tablet dosing to ensure the complete oral dose

was received.

The blood sampling procedure as well as time-points, bio-analysis and the calculation of PK

parameters were determined as described in example 2 above.

The pharmacokinetic data obtained are provided in the table 11 below.
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Table 11. Summary of major pharmacokinetic parameters of Irinotecan (free base) and two metabolites (SN-
38 and SN-38 glucoronide (SN-38G) after oral dose of Irinotecan at 30 mg/animal in fasted male Beagle
dogs (N=6).

AUCO-last(metabolite)/

PK parameters Tmax Cmax ti4 AUC) 1ase AUCHr
AUCO-last(parent)

Unit hr ng/mL hr  hr*ng/mL hr*ng/mL %
Treatment Group PK parameters of Irinotecan
POl 2.58 1073 3.28 5989 6038
P04 3.00 1216 3.27 8063 8138
P05 2.58 1240 4.39 6888 7139
Treatment Group PK parameters of total SN-38 (sum of SN-38+SN-38G)
PO1 2.58 7.47 7.20 324 75.5 0.560
P04 4.67 9.67 8.27 71.7 132 0.913
P05 3.83 9.97 6.41 66.9 113 0.963
Treatment Group PK parameters of SN-38
P01 2.58 5.05 431 232 34.9 0.372

The coefficients of variations (CV%) for the tablet formulations P01, P04 and P05 were for
Crax 17.5%; 22.3% and 14.5%, respectively and were for AUCq..4 21.1%; 23.0% and 13.7 %,

respectively.

Exampie 4

The solid oral dosage form named P01 was tested in a Combined Pharmacokinetic and Repeat Dose
Toxicity Study in beagle dogs. The study design was a 2-arm parallel group study comparing irinotecan IV
infusion with oral administration of the P01 tablet. Animals were observed daily for a period of 3 weeks

corresponding to onc treatment cycle.

Group 1 (n=4) received a single infusion over 60 min of Irinotecan “Accord” of 350 mg Irinotecan
hydrochloride, trihydrate/m’ corresponding to 303 mg of Irinotecan (as free base)/m’. Group 2 (n=6)
received one PO1 tablet 12 mg/animal once daily for 14 days corresponding to 23.69-26.38 mg of Irinotecan

(as free base)/m”. Animals in Group 2 further teceived a daily intra muscular injection Pentagastrin (6 ug/kg)
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30 min prior to the oral treatment with the Irinotecan tablet in order to mimic the human pH in the stomach

during the dosing period.

Pharmacokinetic blood samples werc taken at appropriate intervals during the first 24 post dosing on
Day 1 for both groups and in addition on Day 5 and Day 14 for group 2 (P01 tablet). Data are shown in
Table 12 and Table 13 below.

Afier administration of tablets (Group 2), the maximum plasma concentration was observed at the
same time points (1.5 to 2 hours after dosing) for both Irinotecan and SN-38. The half-life of Irinotccan and
SN-38 appeared at approximately 4 hours both after infusion and oral dosing. No or only a very modest

accumulation of Trinotecan was observed after daily oral dosing for 14 days..

Table 12. Summary of average pharmacokinetic parameters after dosing with infusion of Irinotecan.

D/BSA |T,, | CO Cu/D Cruax Cuax/D | AUCa0 AUCy AUCxne/D | CI Vz
(mg/ml) (hr) | (ng/ml) | (ng/ml)/ | (ng/ml) | (ng/ml)/ | (hr*ng/ml) | (hr*ng/ml) | (hr*ng/ml)/ (ml/hr/mz) (mi/m®)
(mg/m’) (mg/m’) (mg/m’)

303 3.8 8837 292 8868 29.3 44573 45179 149 7217 40091
Table 13. Summary of average pharmacokinetic parameters after dosing with Irinotecan as tablets

Day [D/BSA |Ty, | Tuax | Cuax Cona/D AUC 54 AUCwr AUCw/D F Ra

(mg/m’) | (hr) | (br) |[(ng/ml) |¢ng/mly | (hr*ng/ml) | (hr*ng/ml) | (hr*ug/mly/
(mg/m’) (mg/m’)

1 25.0 42 |18 197 7.9 625 632 25.3 0.17] -

5 |250 a4 17 [221 8.9 726 738 29.6 - 18
14 1249 3.0 1.8 228 9.2 831 832 34.1 - 1.45

The oral bioavailability of Trinotecan was calculated to 17%. The metabolite ratio of the conversion

of SN-38 from the parent compound Irinotecan was higher after oral administration than infusion (0.37% and

0.27%, respectively). This indicates that a part of the conversion to SN-38 might have taken place before the

drug reached systemic circulation, probably in the intestine.

Vomit and soft, watery or bloody/mucous facces were observed in all four animals In connection

with the infusion of animals in the Group 1. In Group 2 (P01 tablets) only a few incidences of soft, mucous

or bloody/mucous faeces was recorded during the treatment period. Overall, animals gained weight over the

duration of the study (from Day 1 to Day 22), however transient body weight loss considered related to the

treatment with Irinotecan was recorded in some animals in both groups and mostly for the infusion treated

animals.
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Table 14 Development in animal weight from 21 days before treatment and until end of the 3 week treatment

cycle.

Day in IV infusion P01 Tablets
study Mean body weight (kg) | Mcan body weight (kg)
Day -21 9.4 10.2
Day -14 9.5 10.0
Day -7 9.7 10.3
Day -3 9.8 104
Day 1 10.0 10.6
Day 4 9.5 10.5
Day & 9.9 10.4
Day 15 10.2 10.6
Day 22 10.3 10.6

For both groups, tcst item related changes were obscrved in both haematology (red blood cclis and
white blood cells) and clinical chemistry parameters (¢lectrolytes and creatinine). The effect on the white
blood cell counts were most affected in animals treated with Irinotecan IV infusion (see Table 15). For
animals treated with Irinotecan IV infusion several blood parameters were below the normal background
especially for Day 4 and Day 8 but all returned to normal background at Day 22. For the Group 2 treated

with P01 tablets all values were within normal background range throughout the period.

Table 15. Development in white blood cell count (WBC) and ncutrophils from prior to treatment and until

the end of the 3 week treatment cycle.

Day in study IV infusion P01 Tablets
WBC Neutrofils WBC Neutrofils

(10x9/L) | (10x9/L) | (10x9/L) (10x9/L)
Prior 10.15 6.75 12.08 7.88
Day 4 6.48 4.58 11.07 7.25
Day 8 7.33 4.20 10.67 7.27
Day 15 11.08 7.43 9.77 6.45
Day 22 9.60 6.73 11.30 7.58
Example §

Dissolution testing was performed on tablets from example 1. Dissolution was done using a
dissolution system with paddic (USP2). The dissolution media A was 0.1 N HCl and dissolution media B

was phosphate buffer pH 6 with 1% Sodium Dodecyl Sulfate (SLS). Dissolution media A was prepared by
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dissolving 41 ml 37% hydrochloride acid in 5 | de-ionized water. Dissolution media B was prepared by
dissolving 136 g monobasic sodium phosphate in 20 1 de-ionized water and adjusted to pH=6 with approx.
22 ml 10 N NaOH. Dissolution was conducted at 37°C at 75 RPM. Samples were taken at regular intervals
and filtrated through a 0.45 pm filter and the absorption at 359 nm was determined by UV spectrometry. The
relcasc of irinotccan relative to the release after 1 or 2 hours was calculated. The release of irinotecan over

time is given in the table 16 and 17 below for the 2 dissolution systems.

Table 16. Dissolution of irinotecan formulations in dissolution media A (0.1 N HCI). % irinotecan in tablet

dissolved
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0 min 120 min
P01 0 0
P02 0 0
P03 0 na
P04 0 0
P03 0 0

Table 17. Dissolution of irinotecan formulations in dissolution media B (phosphate buffer pH 6 with 1%

SLS). % irinotecan in tablet dissolved

0 min 10 min 15 min 20 min 30 min 45 min 60 min
P01 0 na 43 na 66 86 100
P02 0 91 96 98 98 97 100
P03 0 89 94 97 98 98 100
P04 0 na 21 na 69 94 100
POs 0 na 33 na 67 95 101

na = not analyzed

Example 6

Dissolution testing was performed as average of double experiments on tablets from Example 1 as
well as on the APIs used in form of the free base or the Irinotecan hydrochloride trihydrate. Dissolution was
dong using a dissolution system with paddie (USP2). The dissolution media was 900 ml 0.5M phosphate
buffer adjusted to pH=8.0. The dissolution media was prepared by dissolving 8.8 g/liter
dinatriumhydrogenphosphate dihydrate and adjusted to pH=8.0 with 30% HCL Dissolution was conducted
at 37°C at 75 RPM. Samples were taken at regular intervals and the absorption at 359 nm was determined by
UV spectrometry. The solubilized Irinotecan tablets (PO1, PO4, and PO5) and the non-solubilized
Irinotecan tablet (PO3) from Example 1 was compared to the release of Irinotecan drug substance
determined using the same dissolution conditions as for the tablets. The ratio between the release of
Irinotecan from the tablet formulation relative to the release of Irinotecan from the corresponding drug
substancc alonc as a mcasure of the rclative solubilisation of the tablet formulation, is given in the table 18
below at regular time intervals up to 180 minutes. Solubilisation should be measured after the compositions

have released all drug and an equilibrium obtained, that is between 60 minutes and 180 minutes.
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Table 18. The solubilisation ratio for experimental tablets as function of dissolution time at pH=8.0

T 15 min 30 min 60 min 120 min 180 min
PO3 1.6 1.2 1.3 1.3 1.3
PO4 1.5 22 2.4 23 22
POS 1.2 1.8 2.3 22 2.‘1
PO1 3.8 3.6 4.1 3.6 3.4
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We claim:

1. A solid oral pharmaceutical composition comprising a compound of formula I, which is irinotecan

as a free base or a salt thereof, wherein the compound (1) is solubilized in a mixture comprising a vehicle and

a non-ionic surfactant.

2. The composition of claim 1 comprising about 1 to about 100 mg of irinotecan calculated based on the

content of irinotecan free base.
3. The composition of claim 2 comprising from about 2 mg to about 70 mg of irinotecan.

4. The composition of any one of claims 1 to 3 comprising from about 0.5% to about 50% by weight of

irinotecan based on 100% total weight of the composition.

5. The composition of claim 4 comprising from about 2% to about 8% by weight of irinotecan.

6. The composition of any one of claims 1 to 5 wherein the compound of formula I is the free base.
7. The composition of any one of claims 1 to 5 wherein the compound of formula I is the salt.

8. The composition of claim 6 or 7 wherein the compound of formula I is a hydrate.

9. The composition of claim 8 wherein the compound of formula I is a tri-hydrate.

10. The composition of any one of claims 1 to 9 wherein the solid composition is coated with an enteric

coating.

11. The composition of claim 10 wherein the enteric coating is insoluble in gastric juice and in intestinal
juice below a predetermined pH in a human subject, but soluble in intestinal juice above the predetermined

pH in the human subject.

12. The composition of claim 11 wherein the predetermined pH is selected in a range from about 4.5 to about

7.

Date Regue/Date Received 2021-07-14
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13. The composition of any one of claims 10 to 12 comprising from about 0.5% to about 50% by weight of

irinotecan based on 100% total weight of the composition without the enteric coating.
14. The composition of claim 13 comprising from about 2% to about 8% by weight of irinotecan.

15. The composition of claim 6 wherein the mixture comprises a saturated or unsaturated medium or long
chain fatty acid component and a water-soluble surfactant with a Hydrophile-Lipophile Balance (HLB) value

above 9.

16. The composition of claim 15 wherein the water-soluble surfactant is selected from the group consisting
of Vitamin E polyethylene glycol succinate, Polysorbate 80, Polyoxyl 40 hydrogenated castor oil, Polyoxyl
35 castor oil, Caprylocaproyl macrogolglycerides, Polyoxyl 15 Hydroxystearate, and Poloxyethylene 10
Oleoyl Ether.

17. The composition of any one of claims 7 to 14 wherein the mixture comprises a polyethylene glycol

component and a water-soluble surfactant with a HLB-value above 9.

18. The composition of claim 17 wherein the water-soluble surfactant is selected from the group consisting
of poloxamer, Vitamin E Polyethylene Glycol Succinate, Lauroyl polyoxylglycerides, Polysorbate 80,
Polyoxyl 40 hydrogenated castor oil, Polyoxyl 35 castor oil, Caprylocaproyl macrogolglycerides, Polyoxyl
15 Hydroxystearate, and Polyoxyethylene 10 Oleoyl Ether.

19. The composition of any one of claims 1 to 15 wherein the vehicle and surfactant is the same component.
20. The composition of claim 19 wherein the component is Lauroyl polyoxylglycerides.

21. The composition of any one of claims 1 to 14 wherein the vehicle is selected from the group consisting of
a saturated or unsaturated medium or long chain fatty acid, a polyethylene glycol (PEG), and mixtures

thereof.

22. The composition of claim 21 wherein the vehicle is a saturated or unsaturated medium or long chain fatty

acid containing from 8 to 24 carbon atoms

23. The composition of claim 21 wherein the vehicle is a saturated or unsaturated medium or long chain fatty

acid containing from 8 to 20 carbon atoms.

24. The composition of claim 21 wherein the vehicle is a saturated or unsaturated medium or long chain fatty

acid containing from 16 to 18 carbon atoms.

25. The composition of claim 22 wherein the medium chain fatty acid contains 8-12 carbon atoms and is

selected from the group consisting of caprylic acid, capric acid and lauric acid.

Date Regue/Date Received 2021-07-14
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26. The composition of claim 22 wherein the long chain fatty acid is selected from the group consisting of

linoleic acid, oleic acid, palmitic acid, linoleic acid, stearic acid, and mixtures thereof.

27. The composition of any one of claims 1 to 14 wherein the surfactant is selected from the group consisting

of a poloxamer and a pegylated tocopherol.

28. The composition of claim 27 wherein the surfactant is a pegylated tocopherol which is a tocopherol

polyethylene glycol succinate derivative.
29. The composition of claim 27 wherein the surfactant is a Vitamin E Polyethylene Glycol Succinate.
30. The composition of claim 21 wherein the vehicle is a PEG.

31. The composition of claim 30 wherein the vehicle is a PEG having an average molecular weight of at least

1500.

32. The composition of claim 30 or 31 wherein the vehicle is a PEG present in an amount from about 20 to

about 60 w/w % based on the total weight of the pharmaceutical composition.
33. The composition of any one of claims 30 to 32 wherein the PEG is PEG 6000.
34. The composition of any one of claims 1 to 9 wherein the surfactant is a poloxamer.

35. The composition of claim 34 wherein the poloxamer is selected from the group consisting of poloxamer
188, poloxamer 237, poloxamer 338, poloxamer 407, and other block copolymers of ethylene oxide and

propylene oxide.

36. The composition of claim 34 or 35 wherein the poloxamer is present in an amount from about 0 to about

25 w/w % based on 100% total weight of the composition.

37. The composition of claim 34 or 35 wherein the poloxamer is present in an amount from about 5 to about

20 w/w % based on 100% total weight of the composition.

38. The composition of claim 34 or 35 wherein the poloxamer is present in an amount from about 10 to about

20 w/w % based on 100% total weight of the composition.
39. The composition of any one of claims 34 to 38 wherein the poloxamer is poloxamer 188.

40. The composition of any one of claims 10 to 14 wherein the surfactant is a poloxamer.
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41. The composition of claim 40 wherein the poloxamer is selected from the group consisting of poloxamer
188, poloxamer 237, poloxamer 338, poloxamer 407, and other block copolymers of ethylene oxide and

propylene oxide.

42. The composition of claim 40 or 41 wherein the poloxamer is present in an amount from about 0 to about

25 w/w % based on 100% total weight of the composition without the enteric coating.

43, The composition of claim 40 or 41 wherein the poloxamer is present in an amount from about 5 to about

20 w/w % based on 100% total weight of the composition without the enteric coating.

44 The composition of claim 40 or 41 wherein the poloxamer is present in an amount from about 10 to about

20 w/w % based on 100% total weight of the composition without the enteric coating.
45. The composition of any one of claims 40 to 44 wherein the poloxamer is poloxamer 188.

46. The composition of any one of claims 1 to 14 wherein the mixture of the vehicle and the surfactant is a

mixture of PEG and a hydrophilic polymeric surfactant.

47. The composition of any one of claims 1 to 14 wherein the mixture of the vehicle and the surfactant is a

mixture of PEG and a poloxamer in a proportion on a weight/weight basis of from about 1:3 to about 10:1.

48. The composition of any one of claims 1 to 14 wherein the mixture of the vehicle and the surfactant is a

mixture of PEG and a poloxamer in a proportion on a weight/weight basis of from about 1:1 to about 5:1.

49. The composition of any one of claims 1 to 14 wherein the mixture of the vehicle and the surfactant is a

mixture of PEG and a poloxamer in a proportion on a weight/weight basis of from about 3:2 to about 4:1.

50. The composition of any one of claims 1 to 14 wherein the mixture of the vehicle and the surfactant is a

mixture of PEG and a poloxamer in a proportion on a weight/weight basis of from about 2:1 to about 3:1.

51. The composition of claim 46 wherein the PEG is PEG 6000 and the hydrophilic polymeric surfactant is

poloxamer 188 at a weight ratio of from about 2:1 to about 3:1.

52. The composition of claim 46 wherein the PEG is PEG 6000 and the hydrophilic polymeric surfactant is

poloxamer 188 at a weight ratio of from about 2:1 to about 2.5:1.

53. The composition of claim 46 wherein the PEG is PEG 6000 and the hydrophilic polymeric surfactant is

poloxamer 188 at a weight ratio of about 3:2.

54. The composition of any one of claims 1 to 14 wherein the mixture of the surfactant and the vehicle is a

mixture of a pegylated tocopherol and a long chain fatty acid.
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55. The composition of any one of claims 1 to 14 wherein the mixture of the surfactant and the vehicle is a

mixture of a pegylated tocopherol and palmitic acid.

56. The composition of any one of claims 1 to 14 wherein the mixture of the surfactant and the vehicle is a
mixture of a pegylated tocopherol and palmitic acid in a proportion on a weight/weight basis of from about

1:3 to about 10:1.

57. The composition of any one of claims 1 to 14 wherein the mixture of the surfactant and the vehicle is a
mixture of a pegylated tocopherol and palmitic acid in a proportion on a weight/weight basis of from about

1:1 to about 5:1.

58. The composition of any one of claims 1 to 14 wherein the mixture of the surfactant and the vehicle is a
mixture of a pegylated tocopherol and palmitic acid in a proportion on a weight/weight basis of from about

3:2to about 4:1.

59. The composition of any one of claims 1 to 14 wherein the mixture of the surfactant and the vehicle is a
mixture of a pegylated tocopherol and palmitic acid in a proportion on a weight/weight basis of from about

2:1 to about 3:1.

60. The composition of any one of claims 1 to 14 wherein the mixture of the surfactant and the vehicle is a
mixture of a pegylated tocopherol and palmitic acid in a proportion on a weight/weight basis of from about

5.5:1.

61. The composition of claim 54 wherein the long chain fatty acid is palmitic acid and the pegylated

tocopherol is vitamin E TPGS at a weight ratio of about 2:1 to about 3:1.

62. The composition of claim 54 wherein the long chain fatty acid is palmitic acid and the pegylated

tocopherol is vitamin E TPGS at a weight ratio of about 2:1 to about 2.5:1.

63. The composition of claim 54 wherein the long chain fatty acid is palmitic acid and the pegylated

tocopherol is vitamin E TPGS at a weight ratio of about 5.5:1.

64. The composition of any one of claims 1 to 14 wherein the mixture of the vehicle and the surfactant is a

mixture of a PEG and a pegylated tocopherol.

65. The composition of any one of claims 1 to 14 wherein the mixture of the vehicle and the surfactant is a

mixture of PEG 6000 and vitamin E TPGS at a weight ratio from 6:4 to about 20:1.

66. The composition of any one of claims 1 to 14 wherein the mixture of the vehicle and the surfactant is a

mixture of PEG 6000 and vitamin E TPGS at a weight ratio from about 3:1 to 10:1.
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67. The composition of any one of claims 1 to 14 wherein the mixture of the vehicle and the surfactant is a

mixture of PEG 6000 and vitamin E TPGS at a weight ratio from about 5.5:1.
68. The composition of any one of claims 1 to 67 wherein the compound of formula I is in a solid core.
69. The composition of claim 68 wherein the solid core is a tablet core, capsule or granulate.

70. The composition of claim 68 or 69 wherein the solid core is a compressed or molded tablet having a

hardness of from about 20 N to about 150 N.

71. The composition of any one of claims 1 to 70 wherein the solid composition further comprises one or
more pharmaceutically acceptable excipients selected from the group consisting of fillers, diluents, binders,
lubricants, glidants, enhancers, wetting agents, surfactants, antioxidants, metal scavengers, pH-adjusting
agents, acidifying agents, alkalizing agents, preservatives, buffering agents, chelating agents, stabilizing
agents, coloring agents, complexing agents, emulsifying and/or solubilizing agents, absorption enhancing

agents, modify release agents, flavoring agents, taste-masking agents, humectants, and sweetening agents.

72. The composition of any one of claims 1 to 71 wherein, upon dispersion of the solid composition in
900 ml 0.5M phosphate buffer at pl1=8.0, an amount of the compound (I) found in solution after 60 to
180 minutes is more than 1.5 times an amount of the compound (I) found in solution upon dispersion of

compound (I) alone.

73. The composition of any one of claims 1 to 72 for use in treatment of cancer in a mammal in need thereof.

74. The composition of claim 73 wherein the cancer is metastatic colorectal carcinoma, metastatic breast

cancer, or Non-small cellular lung cancer.

75. A method of preparing the composition of any one of claims 1 to 72 characterized by the steps of (a)
solubilizing the compound of formula I as a free base or a salt thereof in a mixture comprising a vehicle and
a non-ionic surfactant, and (b) preparing the solid composition comprising the compound (I) solubilized in
the mixture comprising the vehicle and the non-ionic surfactant as a granulate, and optionally compressing

the granulate to a tablet or filling a capsule with the granulate.
76. The method of claim 75 further comprising step (c) coating the composition with an enteric coating.

77. Use of the composition of any one of claims 1 to 72 for treating a cancer in a mammal in need thereof.

78. The use of claim 77 wherein the composition is adapted for administration daily or every second day for

at least 5 doses of 5 mg/m?to 200 mg/m? within a treatment cycle.

79. The use of claim 78 wherein the composition is adapted for administration once or twice daily.
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80. The use of claim 78 or 79 wherein the daily dosage is from 5 to 200 mg/m?.

81. The use of any one of claims 77 to 80 wherein the cancer is metastatic colorectal carcinoma, metastatic

breast cancer, or Non-small cellular lung cancer.

82. Use of the composition of any one of claims 1 to 72 for reducing immunosuppressing side effects of
irinotecan cancer treatment of a mammal in need thereof, wherein the composition is adapted for
administration daily or every second day for at least 5 doses of 5 mg/m? to 200 mg/m? within a treatment

cycle.
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