Office de la Propriete Canadian CA 2548605 A1 2005/06/23

Intellectuelle Intellectual Property
du Canada Office (21) 2 548 605
g,lnngaﬁfi‘:g:na " ml"j‘gtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2004/12/13 (51) CLInt./Int.Cl. A67K 37/4017 (2006.01),

A6TK 31/606 (2006.01), A61P 35/00(2006.01)
(71) Demandeur/Applicant:

(87) Date publication PCT/PCT Publication Date: 2005/06/23
(85) Entree phase nationale/National Entry: 2006/06/06 SALAMA ZOSER B. DE
(86) N° demande PCT/PCT Application No.: DE 2004/002/60

(72) Inventeurs/Inventors:
(87) N publication PCT/PCT Publication No.: 2005/056005 SALAMA ZOSER B.. DE:

(30) Priorité/Priority: 2003/12/12 (DE103 59 828.6) BRAUN, DAGMAR, DE
(74) Agent: DEETH WILLIAMS WALL LLP

(54) Titre : AGENTS DE COMBINAISON CHP-GEMCITABINE ET UTILISATION EN TANT QU'AGENTS
ANTITUMORAUX
(54) Title: CHP-GEMCITABIN COMBINED AGENT AND USE THEREOF AS ANTI-TUMOURAL ACTIVE SUBSTANCES

(57) Abrégée/Abstract:
The Invention relates to combined agents, comprising cis-hydroxy-proline (CHP) and gemcitabin, in addition to the use of said
agents in the prophylaxis of tumours and therapy.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02548605 2006-06-06

Abstract:

The 1nvention relates to combined agents comprilising ci1ls-
hydroxyproline (CHP) and gemcitabine and to the use of said

agents i1n tumor prophylaxis and therapy.
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CHP-Gemcitabin Combined Agent and Use Thereof as
Anti-Tumoural Active Substances

Description

The 1nvention relates to combined agents comprising cis-

hydroxyproline (CHP) and gemcitabine and to the use of said

agents 1n tumor prophylaxis and therapy.

Tumors or cancers represent a locally confined increase of
tissue volume and thus, in a broader sense, any localized
swelling as a result of edemas, acute and/or chronic in-
flammations, e.g. organ swelling caused by inflammation.
More strictly speaking, tumors represent formation of new
tissue 1n the form of a spontaneous, variably disinhibited,
autonomous and 1rreversible excessive growth of autologous
tissue, normally associated with more or less distinct loss

of specific cell and tissue functions. The consequences of

such autonomous and i1rreversible excessive growth involve
considerable 1mpairment of an organism, e.g. a human, and

can lead to death.

In view of the dramatic consequences of a cancer or tumor

disease, various agents for the treatment of such patho-
genic changes have been developed. A large number of such
agents are disadvantageous 1n that they lack specific ac-
tivity and have a variety of side effects. It is especially
the high dosage of particular anti-cancer agents that re-
sults 1n numerous side effects which, despite the dramatic
consequences, cause patilents to terminate therapy at an

early stage.

Another problem in finding anti-tumor agents is that vari-
ous derivatives, or the original substance and derivatives

thereof, exhibit differing effects both in animal models
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thereof, exhibit differing effects both 1n animal models
and i1n humans. For example, various original substances are
known which have no or only low anti-tumor effect, whereas
derivatives or conversion products thereof may have a sig-
nificant tumor-inhibiting effect, but also a tumor-

promoting effect.

According to Klohe et al. (1985), for example, cis-
hydroxyproline lacks the properties required for an effec-
tive anti-tumor agent. In view of initial positive tests on
the above and other amino acids conducted by the National
Cancer Institute during 1933 to 1946, derivatives of
proline and hydroxyproline for use as medicaments in cancer
therapy have been synthesized during the following vyears
(EP 02 23 850). Due the low effect of CHP (Klohe et al.),
1t has also been suggested to use a combination of differ-
ent CHP derivatives, because the latter are said to have a
synergistic effect as pharmaceutical agents in tumor treat-
ment (US 6,066,665) .

The above-described synergistic effects of the combination
preparations were found reproducible only in part, and, in
addition, the derivatives developed could only be used at
very high concentrations which are accompanied by side ef-

fects.

The object of the 1invention was therefore to provide an
agent and a method for cancer therapy based on CHP, which

would permit easy, safe and effective application.

A combination of CHP and gemcitabine was found to be highly
effective against tumor cells. The invention therefore in-
volves the surprising teaching that a compound, namely,
non-derivatized CHP whose anti-tumor properties have been
described as insufficient in the prior art, in combination

with the chemotherapeutic agent gemcitabine has an effect
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on cancer cells which, surprisingly, 1s higher than that of

the individual compounds.

CHP in the meaning of the invention includes the c¢is-
isomers of 4-hydroxy-L-proline or salts thereof, which are
not CHP derivatives. More specifically, gemcitabine 1n the
meaning of the invention 1s gemcitabline hydrochloride,
i.e., 2'-deoxy-2',2'-difluorocytidine. For example, the
combined agent in the meaning of the invention 1s such 1in
nature that CHP and gemcitabine together are included 1in a
solution or in a solid, e.g. a tablet, wherein the ratio of
CHP and gemcitabine can vary freely. Preferred 1s a ratio
of CHP and gemcitabine 1in a range of from 1:10,000 to
10,000:1. Depending on the tumor and condition of the pa-
tient, the ratio of CHP and gemcitabine can vary within the
above range. Of course, said at least two components - CHP
and gemcitabine - can also be incorporated together 1n a
solution or solid in such a way that release thereof will
proceed in a time-shifted fashion. However, the combined
agent in the meaning of the 1nvention may also be consti-
tuted of two separate solutions or two separate solids, one
solution or solid essentially comprising gemcitabine and
the other solution or solid essentially comprising CHP. The
two solutions or solids can be associated with a common
carrier or with separate carriers. For example, the two so-
lutions and/or the two solids can be present in a capsule
as common carrier. Such a formulation of the combined agent
of the invention 1s advantageous 1n those cases where ad-
ministration of CHP and administration of gemcitabine are
to proceed 1n a time-shifted manner. That is, the organism
1s 1nitially contacted with CHP, e.g. by infusion or oral
administration, to be contacted with the other component of
the combined agent in a time-shifted manner. Of course, it
1s also possible to provide the combined agent by means of
conventional pharmaceutical-technical methods and proce-

dures 1n such a way that the organism is initially con-
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tacted with gemcitabine and subsequently with CHP. Hence,
the organism 1s preferably contacted sequentially with the
components of the combined agent. The time period between
administration of the two components of the combined agent
of the invention or the 1initial release of CHP or gemcilt-
abine will depend on the age, sex, overall constitution of
the patient, the type of tumor, or other parameters which
can be determined by the attending physician using prior

tests, for example.

Of course, the agent according to the 1invention may also
comprise conventional auxiliaries, preferably carriers, ad-
juvants and/or vehicles. For example, the carriers can be
fillers, diluents, binders, humectants, disintegrants, dis-
solution retarders, absorption enhancers, wetting agents,
adsorbents and/or lubricants. In this event, the combined
agent 1s specifically referred to as drug or pharmaceutical

agent.

In a preferred embodiment of the invention the agent com-
prises one or more additional agents from the group of an-
tiviral, fungicidal or antibacterial agents and/or immu-
nostimulators. Furthermore, the agent may comprise addi-

tional chemotherapeutic agents, preferably alitretinoin,

aldesleukin (IL-2), altretamine, all-trans-retinoic acid
(tretinoin), aminoglutethimide, anagrelide, anastrozole,
asparaginase (E. coli), azathioprine, bicalutamide, bleomy-
cin, busulfan, capecitabine, carboplatin, carmustine,
chlorambucil, <c¢isplatin, cladribine (2-CDA), c¢yclophos-

phamide, cytarabine, dacarbazine, dactinomycin D, daunoru-
bicin (daunomycin), liposomal daunorubicin, dexamethasone,
docetaxel, doxorubicin, liposomal doxorubicin, epirubicin,
estramustine phosphate, etoposide (VP-16-213), exemestane,
floxuridine, 5-fluorouracil, fludarabine, fluoxymesterone,
flutamide, gemcitabine, gemtuzmab, goserelin acetate, hy-

droxyurea, 1darubicin, 1fosfamide, 1imatmib mesylate, 1iri-
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notecan, o-interferon, letrozole, leuprolide acetate, le-

vamisole-HCI, lomustine, megestrol acetate, melphalan
(L-phenylalanine mustard), 6-mercaptopurine, methotrexate,
methoxsalen (8-MOP), mitomycin C, mitotane, mitoxantrone,

nilutamide, nitrogen mustard (mechlorethamine hydrochlo-
ride), octreotide, paclitaxel, pegaspargase, pentostatin
(2'-deoxycoformycin), plicamycin, ©porfimer, prednisone,
procarbazine, rituximab, streptozotocin, tamoxifen, teni-
poside (VM-26), 6-thioguanine, thalidomide, thiotepa, topo-
tecan, toremifene, trastuzumab, trimetrexate, vinblastine,
vincristine and/or vinorelbine. Partial or complete substi-
tution of gemcitabine by one or more of the above-mentioned

agents can also be preferred.

The i1invention also relates to the use of the agents of the
invention in diagnosis, prophylaxis, follow-up, therapy,
and/or aftercare of diseases associliated with cell growth,

cell differentiation and/or cell division.

In a preferred embodiment of the invention, said disease 1s
a tumor, especially a neoplastic tumor, an inflammatory tu-
mor, an abscess, effusion and/or edema. In a particularly

preferred fashion the tumor is a solid tumor or a leukemia.

In another preferred embodiment of the invention the agent

according to the 1invention 1s formulated as a gel,
poudrage, powder, tablet, sustalined-release tablet, premix,
emulsion, brew-up formulation, drops, concentrate, granu-
late, syrup, pellet, bolus, capsule, aerosol, spray and/or
inhalant and/or used in this form. The tablets, coated tab-
lets, capsules, pills and granulates can be provided with
conventional coatings and envelopes optionally including
opacification agents, and can also be composed such that
release of the active substance(s) takes place only or

preferably 1n a particular area of the intestinal tract,
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optionally in a delayed fashion, to which end polymer sub-

stances and waxes can be used as embedding materials.

Preferably, the drugs of the present 1nvention can be used
in oral administration in any orally tolerable dosage form,
including capsules, tablets and aqueous suspensions and soO-
lutions, without being restricted thereto. In case of tab-
lets for oral application, carriers frequently used include
lactose and corn starch. Typically, lubricants such as mag-
nesium stearate are also added. For oral administration 1in
the form of capsules, diluents that can be used 1include
lactose and dried corn starch. In oral administration of

aqueous suspensions the active substance 1s combined with

emulsifiers and suspending agents.

Also, particular sweeteners and/or flavors and/or coloring

agents can be added, 1f desired.

The active substance(s) can also be present 1n mlicro-
encapsulated form, optionally with one or more of the

above-gpecified carrier materials.

In addition to the active substance(s), suppositories may

1nclude conventional water-soluble or water-insoluble car-

riers such as polyethylene glycols, fats, e.g. cocoa fat
and higher esters (for example, C,, alcohols with C,, fatty

aclds) or mixtures of these substances.

In addition to the active substance(s), ointments, pastes,
creams and gels may 1nclude conventional carriers such as
animal and vegetable fats, waxes, paraffins, starch, tra-
gacanth, cellulose derivatives, polyethylene glycols, sili-

cones, bentonites, silica, talc and zinc oxide or mixtures

of these substances.
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In addition to the active substance(s), powders and sprays
may 1nclude conventional carriers such as lactose, talc,
silica, aluminum hydroxide, calcium silicate and polyamide
powder or mixtures of these substances. In addition, sprays

may 1nclude conventional propellants such as chlorofluoro-

hydrocarbons.

In addition to the active substances CHP and gemcitabine,
solutions and emulsions may 1include conventional carriers
such as solvents, solubilizers and emulsifiers such as wa-
ter, ethyl alcohol, isopropyl alcohol, ethyl carbonate,
ethyl acetate, benzyl alcohol, benzyl benzoate, propylene
glycol, 1,3-butylene glycol, dimethylformamide, oils, espe-

cially cotton seed o0il, peanut o01l, corn oil, olive o1l,

11, glycerol, glycerol formal, tet-

St

castor 01l and sesame C
rahydrofurfuryl alcohol, polyethylene glycols, and fatty

esters of sorbitan, or mixtures of these substances. For

parenteral application, the solutions and emulsions may

also be present 1in a sterile and blood-isotonic form.

In addition to the active substances, suspensions may in-
clude conventional carriers such as liquid diluents, e.g.
water, ethyl alcohol, propylene glycol, suspending agents,
e.g. ethoxylated 1isostearyl alcohols, polyoxyethylenesorbi-
tol and sorbitan esters, microcrystalline cellulose, alumi-
num metahydroxide, bentonite, agar, and tragacanth, or mix-

tures of these substances.

The drugs can be present 1n the form of a sterile in-
jectable formulation, e.g. as a sterile injectable aqueous
or o1l1ly suspension. Such a suspension can also be formu-
lated by means of methods known in the art, using suitable
dispersing or wetting agents (such as Tween 80) and sus-
pending agents. The sterile injectable formulation can also
be a sterile 1injectable solution or suspension in a non-

toxic, parenterally tolerable diluent or solvent, e.g. a
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solution in 1, 3-butanediol. Tolerable vehicles and solvents
that can be used include mannitol, water, Ringer's solu-
tion, and isotonic sodium chloride solution. Furthermore,
sterile, non-volatile oi1ls are conventionally used as sol-
vents or suspending medium. Any mild non-volatile oi1l, 1in-
cluding synthetic mono- or diglycerides, can be used for
this purpose. Fatty acids such as oleic acid and glyceride
derivatives thereof can be used 1in the production of 1njec-
tion agents, e.g. natural pharmaceutically tolerable oils
such as olive o0il or castor o1l, especially in their poly-
oxyethylated forms. Such 01l solutions or suspensions may
also include a long-chain alcohol or a similar alcohol as

diluent or dispersant.

The above-mentioned formulation forms may also include col-
orants, preservatives, as well as odor- and taste-improving
additives, e.g. peppermint o1l and eucalyptus o0il, and
sweeteners, e.g. saccharine. Preferably, the active sub-
stances CHP and/or gemcitabine should be present in the
above-mentioned pharmaceutical preparations at a concentra-
tion of about 0.1 to 99.5 wt.-%, more preferably about 0.5

to 95 wt.-% of the overall mixture.

In addition to CHP and gemcitabine, the above-mentioned
pharmaceutical preparations may 1nclude further pharmaceu-
tical active substances. The production of the pharmaceuti-
cal preparations specified above proceeds 1n a usual manner
according to well-known methods, e.g. by mixing the active

substance(s) with the carrier material(s).

The above-mentioned preparations can be applied in humans
and animals on an oral, rectal, parenteral (intravenous,
intramuscular, subcutaneous), intracisternal, intravaginal,
intraperitoneal route, locally (powders, ointment, drops)
and used 1n the therapy of tumors. Injection solutions, so-

lutions and suspensions for oral therapy, gels, brew-up
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formulations, emulsions, ointments or drops are possible as
suitable preparations. For local therapy, ophthalmic and
dermatological formulations, silver and other salts, ear
drops, eye ointments, powders or solutions can be used.
With animals, 1ingestion can be effected via feed or drink-
ing water 1n suitable formulations. Moreover, the drugs or
combined agents can be 1incorporated 1n other carrier mate-

rials such as plastics (plastic chains for local therapy),

collagen or bone cement.

In another preferred embodiment of the invention, CHP
and/or gemcitabine are incorporated 1in a pharmaceutical
preparation at a concentration of 0.1 to 99.5, preferably
0.5 to 95, and more preferably 20 to 80 wt.-%. That 1s, CHP
and/or gemcitabine are present in the above-specified phar-
maceutical preparations, e.g. tablets, pills, granulates
and others, at a concentration of preferably 0.1 to
99.5 wt.-% of the overall mixture. Those skilled in the art
will be aware of the fact that the amount of active sub-
stance, 1.e., the amount of an 1i1nventive compound combined
with the carrier materials to produce a single dosage form,
will vary depending on the patient to be treated and on the
particular type of administration. Once the condition of a
patient has improved, the proportion of active compound in
the preparation can be modified so as to obtain a mainte-
nance dose that will 1nhibit or prevent further growth of
the tumor or suppress metastasization and infiltration. De-
pending on the symptoms, the dose or frequency of admini-
stration or both can subsequently be reduced to a level
where the improved condition 1is retained. Once the symptoms
have been alleviated to the desired level, the treatment
should be terminated. However, patients may require an in-
termittent treatment on a long-term basis if any symptoms
of the disease should recur. Accordingly, the proportion of
the compounds, 1.e. theilir concentration, in the overall

mixture of the pharmaceutical preparation, as well as the



CA 02548605 2006-06-06

- 10 -

composition or combination thereof, 1s wvariable and can be
modified and adapted by a person of specialized knowledge

in the art.

Those skilled in the art will be aware of the fact that the
compounds of the i1nvention can be contacted with an organ-
ism, preferably a human or an animal, on various routes.
Furthermore, a person skilled 1in the art will also be fa-
miliar with the fact that the pharmaceutical agents in par-
ticular can be applied at varying dosages. Application
should be effected in such a way that a disease 1s combated
as effectively as possible or the onset of such a disease
1s prevented by a prophylactic administration. Concentra-
tion and type of application can be determined by a person
skilled in the art using routine tests. Preferred applica-
tions of the compounds of the invention are oral applica-
tion 1in the form of powders, tablets, fluid mixture, drops,
capsules or the 1like, rectal application in the form of
suppositories, solutions and the like, parenteral applica-
tion in the form of 1injections, 1infusions and solutions,
and local application 1n the form of ointments, pads,
dressings, lavages and the like. Contacting with the com-
pounds according to the invention i1s preferably effected in

a prophylactic or therapeutic fashion.

For example, the suitability of the selected form of appli-

cation, of the dose, application regimen, selection of ad-

juvant and the like can be determined by taking serum ali-
quots from the patient, 1.e., human or animal, and testing
for the presence of cancer cells in the course of the
treatment procedure. Alternatively or concomitantly, the
condition of the liver, but also, the amount of T cells or
other cells of the immune system can be determined in a
conventional manner so as to obtain a general survey on the
immunologic constitution of the patient and, in particular,

the constitution of organs important to the metabolism. Ad-
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ditionally, the clinical condition of the patient can be
observed for the desired effect. Where 1insufficient anti-
tumor effectiveness 1s achieved, the patient can be sub-
jected to further treatment using the agents of the inven-
tion, optionally modified with other well-known medicaments
expected to bring about an improvement of the overall con-
stitution. Obviously, 1t 1s also possible to modify the
carriers or vehicles of the pharmaceutical agent or to vary
the route of administration. In addition to oral ingestion,
e.g. intramuscular or subcutaneous 1njections or injections
into the blood vessels can be envisaged as another pre-
ferred route of therapeutic administration of the compounds
according to the invention. At the same time, supply via

catheters or surgical tubes can also be used.

In addition to the above-specified concentrations during
use of the compounds of the invention, CHP and/or gemcit-
abine can be employed 1n a total amount of 0.05 to
500 mg/kg body weight per 24 hours, preferably 5 to
100 mg/kg body weight. Advantageously, this is a therapeu-
tic quantity which 1s used to prevent or improve the symp-
toms of a disorder or of a responsive, pathologically

physiological conditiomn.

Obviously, the dose will depend on the age, health and
weight of the recipient, degree of the disease, type of re-
quired simultaneous treatment, frequency of the treatment
and type of the desired effects and side-effects. The daily
dose of 0.05 to 500 mg/kg body weight can be applied as a

single dose or multiple doses in order to furnish the de-
sired results. In particular, pharmaceutical agents are
typically used 1in about 1 to 10 administrations per day, or
alternatively or additionally as a continuous infusion.
Such administrations can be applied as a chronic or acute
therapy. Of course, the amounts of active substance that

are combined with the carrier materials to produce a single
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dosage form may vary depending on the host to be treated
and on the particular type of administration. In a pre-
ferred fashion, the daily dose 1s distributed over 2 to 5
applications, with 1 to 2 tablets 1including an active sub-
stance content of 0.05 to 500 mg/kg body weight being ad-
ministered 1in each application. Of course, 1t 1s also pos-
sible to select a higher content of active substance, e.q.
up to a concentration of 5000 mg/kg. The tablets can also
be sustained-release tablets, 1n which case the number of
applications per day is reduced to 1 to 3. The active sub-
stance content of sustained-release tablets can be from 3
to 3000 mg. If the active substance - as set forth above -
1s administered by injection, the host 1s preferably con-
tacted 1 to 10 times per day with the compounds of the in-
vention or by using continuous 1infusion, 1n which case
quantities of from 1 to 4000 mg per day are preferred. The
preferred total amounts per day were found advantageous
both in human and veterinary medicine. It may become neces-
sary to deviate from the above-mentioned dosages, and this
depends on the nature and body weight of the host to be
treated, the type and severity of the disease, the type of
formulation and application of the drug, and on the time
period or 1interval during which the administration takes
place. Thus, 1t may be preferred 1n some cases to contact
the organism with less than the amounts mentioned above,
while 1n other cases the amount of active substance speci-
fied above has to be surpassed. A person of specialized
knowledge 1n the art can determine the optimum dosages re-

quired 1n each case and the type of application of the ac-

ti1ve substances.

In another particularly preferred embodiment of the inven-
tion the pharmaceutical agent 1s used in a single admini-
stration of from 1 to 100, especially from 2 to 50 mg/kg
body weight. In the same way as the total amount per day,

the amount of a single dose per application can be varied
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by a person of specialized knowledge in the art. Similarly,
the compounds used according to the i1nvention can be em-
ployed in veterinary medicine with the above-mentioned sin-
gle concentrations and formulations together with the feed
or feed formulations or drinking water. A single dose pref-
erably includes that amount of active substance which 1is
administered in one application and which normally corre-
sponds to one whole, one half daily dose or one third or
one quarter of a daily dose. Accordingly, the dosage units
may preferably include 1, 2, 3 or 4 or more single doses or
0.5, 0.3 or 0.25 single doses. In a preferred fashion, the
daily dose of the compounds according to the invention 1is
distributed over 2 to 10 applications, preferably 2 to 7,
and more preferably 3 to 5 applications. Of course, con-
tinuous 1nfusion of the agents according to the invention

1s also possible.

In a particularly preferred embodiment of the invention, 1
to 2 tablets are administered 1n each oral application of
the compounds of the invention. The tablets according to
the invention can be provided with coatings and envelopes
well-known to those skilled 1n the art or can be composed
1n a way so as to release the active substance(s) only in

preferred, particular regions of the host.

In a preferred embodiment the cancerous disease or tumor
being treated or prophylactically prevented, or whose reap-
pearance 1s prevented, 1s selected from the group of can-
cerous diseases or tumor diseases of the ear-nose-throat
region, of the lungs, mediastinum, gastrointestinal tract,
urogenital system, gynecological system, breast, endocrine
system, skin, bone and soft-tissue sarcomas, mesotheliomas,
melanomas, neoplasms of the central nervous system, cancer-
ous diseases or tumor diseases during infancy, lymphomas,
leukemias, paraneoplastic syndromes, metastases with un-

known primary tumor (CUP syndrome), peritoneal carcinomato-
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ses, immunosuppression-related malignancies and/or tumor

metastases.

More specifically, the tumors may comprise the followiling
types of cancer: adenocarcinoma of breast, prostate and co-
lon; all forms of lung cancer starting 1n the bronchial
tube; bone marrow cancer, melanoma, hepatoma, neuroblas-
toma; papilloma; apudoma, choristoma, branchioma; malignant
carcinoid syndrome; carcinold heart disease, carcinoma (for
example, Walker carcinoma, basal cell carcinoma, squamoba-
sal carcinoma, Brown-Pearce carcinoma, ductal carcinoma,
Ehrlich tumor, in situ carcinoma, cancer-2 carcinoma,
Merkel cell carcinoma, mucous cancer, non-parvicellular
bronchial carcinoma, oat-cell carcinoma, papillary carci-
rnoma, sclirrhus carcilinoma, bronchio-alveolar carcinoma,
bronchial carcinoma, sguamous c¢ell carcinoma and transi-
tional cell carcinoma); histiocytic functional disorder;
leukemia (e.g. 1n connection with B cell leukemia, mixed-
cell leukemia, null cell leukemia, T cell leukemia, chronic
T cell leukemia, HTLV-II-assoclated leukemia, acute lym-
phocytic leukemia, chronic lymphocytic leukemia, mast cell
leukemia, and myeloid leukemia); malignant histiocytosis,
Hodgkin disease, non-Hodgkin lymphoma, solitary plasma cell
tumor; reticuloendotheliosilis, chondroblastoma; chondroma,
chondrosarcoma; fibroma; fibrosarcoma; giant cell tumors;
histiocytoma; lipoma; liposarcoma; leukosarcoma; meso-
thelioma; myxoma; myxosarcoma; osteoma; osteosarcoma; Ewing
sarcoma; synovioma; adenofibroma; adenolymphoma; carcino-
sarcoma, chordoma, cranlopharyngioma, dysgerminoma, hamar-
toma; mesenchymoma; mesonephroma, myosarcoma, ameloblas-
toma, cementoma; odontoma; teratoma; thymoma, chorioblas-
toma; adenocarcinoma, adenoma; cholangioma; cholesteatoma:
cylindroma; cystadenocarcinoma, cystadenoma; granulosa cell
tumor; gynadroblastoma; hidradenoma; islet-cell tumor; Ley-
dig cell tumor; papilloma; Sertoli cell tumor, theca cell

tumor, leiomyoma; leiomyosarcoma; myoblastoma; myoma; myo-
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sarcoma; rhabdomyoma; rhabdomyosarcoma; ependymoma; gan-

aurililem-

TN

glioneuroma, glioma; medulloblastoma, meningioma; n
moma; neuroblastoma; neuroepilithelioma, neurofibroma, neu-
roma, paraganglioma, non-chromaffin paraganglioma, angi-
okeratoma, angiolymphoid hyperplasia with eosinophilia;
sclerotlizing angioma; angiomatosilis; glomangioma; hemangio-
endothelioma; hemangioma; hemangiopericytoma, hemangiosar-
coma ; lymphangioma, lymphangiomyoma, lymphangiosarcoma;
pinealoma; cystosarcoma phylloides; hemangiosarcoma; lym-
phangiosarcoma; myxXxosarcoma, ovarilian carcinoma; sarcoma
(for example, Ewing sarcoma, experimentally, Kaposli sarcoma
and mast cell sarcoma); neoplasms (for example, bone neo-
plasms, breast neoplasms, neoplasms of the digestive sys-
tem, colorectal neoplasms, liver neoplasms, pancreas neo-
plasms, hypophysls neoplasms, testicle neoplasms, orbital
neoplasms, neoplasms of the head and neck, of the central
nervous system, neoplasms of the hearing organ, pelvis,
resplratory tract and urogenital tract); neurofibromatosis

and cervical squamous cell dysplasia.

In a preferred embodiment the cancerous disease or tumor
being treated or prophylactically prevented, or whose reap-
pearance 18 prevented, 1s selected from the following
group: tumors of the ear-nose-throat region, comprising tu-
mors of the 1nner nose, nasal sinus, nasopharynx, 1lips,
oral cavity, oropharynx, larynx, hypopharynx, ear, salivary
glands, and paragangliomas, tumors of the lungs comprising
non-parvicellular bronchial carcinomas, parvicellular bron-
chial carcinomas, tumors of the mediastinum, tumors of the
gastrointestinal tract, comprising tumors of the esophagus,
stomach, pancreas, 1liver, gallbladder and biliary tract,
small 1ntestine, colon and rectal carcinomas and anal car-
cinomas, urogenital tumors comprising tumors of the kid-
neys, ureter, bladder, prostate gland, urethra, penis and
testicles, gynecological tumors comprising tumors of the

cervix, vagina, vulva, wuterine cancer, wmalignant tro-
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phoblast disease, ovarian carcinoma, tumors of the uterine
tube (Tuba Faloppii), tumors of the abdominal cavity, mam-
mary carcinomas, tumors of the endocrine organs, comprising
tumors of the thyroid, parathyroid, adrenal cortex, endo-
crine pancreas tumors, carcinoid tumors and carcinoid syn-
drome, multiple endocrine neoplasias, bone and soft-tissue
sarcomas, mesotheliomas, skin tumors, melanomas comprising
cutaneous and intraocular melanomas, tumors of the central
nervous system, tumors during infancy, comprising retino-
blastoma, Wilms tumor, neurofibromatosis, neuroblastoma,

Ewing sarcoma tumor family, rhabdomyosarcoma, lymphomas

comprising non-Hodgkin lymphomas, cutaneous T cell lympho-
mas, primary lymphomas of the central nervous system, mor-
bus Hodgkin, leukemias comprising acute leukemias, chronic
myeloid and lymphatic leukemias, plasma cell neoplasms,
myelodysplasia syndromes, paraneoplastic syndromes, metas-
tases with unknown primary tumor (CUP syndrome), peritoneal
carcinomatosis, 1mmunosuppression-related malignancy com-
prising AIDS-related malignancy such as Kaposi sarcoma,
AIDS-associated lymphomas, AIDS-associlated lymphomas of the
central nervous system, AIDS-associated morbus Hodgkin and
AIDS-associated anogenital tumors, transplantation-related
malignancy, metastasized tumors comprising brailn metasta-
ses, lung metastases, liver metastases, bone metastases,

pleural and pericardial metastases, and malignant ascites.

In another preferred embodiment the cancerous disease or
tumor being treated or prophylactically prevented, or whose
reappearance 1s prevented, 1s selected from the group com-
prising cancerous diseases or tumor diseases such as mam-
mary carcinomas, gastrointestinal tumors, including colon
carcinomas, stomach carcinomas, large intestine cancer and
small intestine cancer, pancreas carcinomas, ovarian carci-

nomas, liver carcinomas, lung cancer, renal cell carcino-

mas, multiple myelomas.
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Without intending to be limiting, the invention will be ex-

plained in more detail with reference to the following ex-

ample.
Materials and methods:

Unless otherwise stated, cell lines from the American Type
Culture Collection (ATCC, Rockville, MD) were used and cul-
tured to confluence in a monolayer in RPMI-1640 bicarbonate
medium (Seromed, Berlin, Germany) 1n an incubator (5% H,O,
37°C). The cells were examined for mycoplasma contamina-
tions. The medium included 10% heat-inactivated fetal calf
serum (Seromed) and 4 mM glutamine. The cells were cultured

and passaged according to standard procedures (0.03% tryp-

sin with 0.02% EDTA, 3 times a week). The cell number was

determined using a TOA Sysmex micro-cell counter (TOA, To-

kyo, Japan) .
Chemicals and solutions:

Unless otherwise stated, the chemicals were from Sigma (St.
Louls, MO). The components for testing were used as sup-
plied. CHP was used in the form of a 5 mg/ml stock solution
in PBS (phosphate-buffered saline, Dulbecco), and aliquots
thereof were frozen at -20°C. Associated components were

used 1in the form of a 2 mg/ml stock solution and frozen at

-20°C.
Cell cycle analysis and chemosensitivity assay:

The cells were obtained by trypsin treatment, washed in
PBRS, fixed in 70% ethanol at -20°C for 20 minutes. Subse-
quently, the cells were washed once more in PBS, trans-
ferred 1nto a stalning solution including 20 ug/ml
propidium 1odide (PI), 5 ug/ml RNAse A 1in 0.05% Monidet

P40/PBS and incubated at room temperature overnight. The



CA 02548605 2006-06-06

- 18 -

washed cells werxe analyzed by means of flow cytometry
(Coulter XL-MLC, Coulter, Miami, Florida), using a Multicy-
cle AV software (Phoenix), to calculate the cell cycle dis-
tribution of PI histograms. The percentage of cells 1n the
Gl/0 phase (interphase), S phase (DNA synthesis) and G2M
phase (mitotic cells) was determined. Apoptotic subGl cells
were calculated from PI histograms. All experiments were

performed in duplicate.

The chemosensitivity assay was performed in a 96-well mi-
crotiter plate with 10° cells per well and 100 pl of me-
dium, and the components to be tested were supplied 1n a
volume of 100 pul. All components were diluted on the micro-
titer plates, and the plates were incubated under cell cul-
ture conditions for 4 days, except for those tests wherein
the ratio between application time and reaction was to be
determined. The viability of the cells, i1ncluding the mito-
chondrial activity, 1.e., the ratio of cell survival rate

and cell number, was determined using an MTT assay. The

tests were performed according to methods well-known tc
those skilled in the art.

Apoptosis assay:

Apoptotic or necrotic cells were assayed using annexin V/PI

stalning experiments according to standard laboratory meth-

ods.

Results: Determination of CHP activity in tumor cell lines
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Cell line screening of CHP anti-proliferation activity

r T

Tissue/Cells Name Reaction
I . - S—
Pancreas cell lines |BxPC3 -41 %
MIAPaCaZ -45.7%
" = D |
R i
PANC1
Capanl
Osteosarcoma tissue [|HOS
Prostate tilissue PC3
Colon cell lines HTZ29
Colo320DM
DLD1
lSW620(Cc1227)
SW480 (Cclz’Z8)
HCT-15
Colo205
Breast tilssue MCF-7
i —_—
T47D -34 %
e E— R — -
MDA-MBAZ 31 resistant
e —————————— — | s ._____._!
Leukemia cells IK562 -11 %
Carcinolds CRO1 !—35 3
| - ]
{CRO2Z -13 3 J
Renal cell lines [FVEE: -6 ° ’
ACHN resistant
| — | — ————— — N —
Melanoma A518 resistant
— — L — — — ]
Mel28 resistant
— A e | , . ] |
RoQ7 -12 %
| —_— — — —_ — -
JVSO -15 %
- — — — — — — ~
Csteoblasts Calc’?? + 8 %
‘ e — } e e -[ — — —
Fitcroblasts WI3g resistant
— e — . e | [E— E—— S—— -
Fib2 (PPH) resistant
— e o 1 _
Fib3 (PPH) -14 %
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When using gemcitabine or other functionally analogous com-
pounds 1in combination with CHP, 1t was possible to demon-
strate that, surprisingly, the values 1n Table 1 determined
in selected cell lines can be significantly improved 1in a
synergistic fashion. Also, 1t was demonstrated 1in these
tests that the effect of the combined agents of the inven-

tion markedly varies from cell line to cell line.

This will be explained 1n an exemplary fashion with refer-
ence to the pancreas carcinoma cell lines. Administration
of the combined agent containing CHP and gemcitabine at a
ratio of 400 ug/ml : 4 ug/ml and release of both compounds
at the same time shows an antagonistic effect. That is, the
cells live longer. The antagonistic effect of about 15 to
25% was confirmed by varying the concentration of gemcit-
abine, being 0.25, 0.05 or 1 ug/ml, and varying the concen-
tration of CHP 1in said combined agent. In particular, these
results were found 1n pancreas carcinoma cell 1lines,
whereas 1n other cell 1lines, administration of combined
agents releasing CHP and gemcitabine at the same time had

an 1nhibiting effect on cell growth.

Combined agents of the invention sequentially releasing CHP
and gemcitabine were also tested. The production of these
agents was effected according to pharmaceutical-technical
methods well-known to those skilled in the art. Agents were
used 1n cell cultures, which agents initially release CHP,
followed by gemcitablne after 24 hours and 48 hours, re-
spectively. The pancreas carcinoma cells initially con-
tacted with CHP, 1.e. pre-treated with CHP, were found to
show resistance during the subsequent contacting with gem-
citabine. Thus, at a higher gemcitabine concentration of
more than 0.25 upg/ml, for example, the cells were more re-
sistant by about 5%, and more resistant by up to 20% at
lower gemcitabine concentration. That is, administration of

combined agents sequentially releasing CHP and gemcitabine
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in such a way that the cells are 1initially contacted with
CHP and subseguently with gemcitabine results 1n a reduc-
tion of the gemcitabine sensitivity of pancreas tumor
cells. It was possible to repeat these results 1n other
cell lines, and 1t was demonstrated with selected cells
that administration of the above-mentioned combined agents
resulted in a lower resistance of these cells to gemcit-
abine. A marked synergistic effect was found when using
combined agents releasing gemcitabine first and CHP there-
after. Surprisingly, a synergistic effect occurred 1in pan-
creas carcinoma cell lines when the CHP concentration 1in
the combined agent was very low, while an antagonistic ef-
fect occurred when the CHP concentration was above 100 p
g/ml in the combined agent. Combined agents were used which
released 1 ug/ml gemcitabine, followed by CHP after 12, 24

and 48 hours, respectively.

Table 2 shows the effect of the combined agents on PANC-1

cells.
CHP PANC-1 PANC-1 treated with BxPC3 BxPC3 treated with
(ug/ml) control agent releasing control agent releasing
gemcitabine first gemcitabine first

100 95.1+2.3 103+£2.5 105.2+5.4 98.7+£2. O

50 94.8+6.4 50.0x8.2 59.8+4 .3 87.3%+3.8

25 95.9+5.1 88.4+4 .0 99.9+3.1 94 .6+3.3
12.5 90.8+x4.1 88.9+4 .3 102.6+£1.7 101.3+4.8
6.1 96.0+£6.0 91.0£5.9 103.5+£2.6 101.9+8. 8
3 98.8%x4 .0 90.3x06.0 — -

That 1s, sequential treatment of pancreas tumors 1s par-
ticularly promising when the latter are initially contacted
with gemcitabine and subsequently with CHP, in which case a
low CHP concentration should be selected as set forth
above. The agents being used are those including CHP and

gemcltabine 1n carriers and vehicles of varying solubility.
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Furthermore, kits are used wherein gemcitabine and CHP are
provided in separate solutions which are put to use 1n ac-
cordance with i1nstructions contained 1i1n the kit. Hence,
combined agents are availilable which, depending on the time-
shifted release and on the components or compounds released
first or at a later time, exhibit different specificity for
different types of tumors. Surprisingly, it was also possi-
ble to demonstrate that the combined agent according to the
invention modifies the respective cell cycle of the tumor
cells. Depending on the combined agent employed and the
cells used, there was a modification or loss of the S phase
or of the G2M or G1/0 phase. Furthermore, as a result of
treatment with the combined agent, transition of some cells
into apoptotic/necrotic cells was observed. Also, it was
possible to demonstrate that varying specificities of the
combined agent are achieved when using other chemotherapeu-
tic agents such as oxoplatin or doxorubicin 1in addition to
gemcltabine. This was also demonstrated when using combined
agents wherein the gemcitabine portion had been completely
replaced by oxoplatin or doxorubicin or another chemothera-
peutic agent. Further modification of the specificity of
the comblned agents was possible by using trans-hydroxy-

proline instead of the CHP cis-form.

Furthermore, the combined agents disclosed according to the
invention were tested clinically on humans. Thus, good re-
sults were achieved with the CHP-gemcitabine combination
agent and CHP-capecitabine combination agent. Gemcitabine
has been approved by the U.S. Food and Drug Administration
for i1nitial treatment of patients with locally advanced or
metastatic pancreatic adenocarcinomas 1in 1996. The recom-
mended dosage and the treatment cycle comprise 1 g/m° per
week for a period of 7 weeks, followed by one week as a
rest period. The subsequent treatment cycles comprise a
dose of 1 g/m° per week for three weeks, likewise followed

by one week as a phase of rest. However, the above recom-
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mended treatment 1s not free of massive side effects. One
typical side effect of gemcitabine administration 1s e.qg.

damage of the bone marrow with resulting i1mpairment of the

1s can come to ma-

hematopolesis, so that only few blood ce

ture. The consequences of this are anemia, neutropenia and
general immunosuppression. The side effects caused by dam-
age of the bone marrow are referred to as myelosuppression.
Other side effects are strong perspiration, diarrhea, fever
or 1nfluenza-like symptoms, nausea, diarrhea and vomiting,
dyspnea, peripheral edemas, hematuria, proteinuria, loss of

hair, as well as eczema and reactions at the site of injec-

tion.

The above drawbacks can be avoided when using the following

combined therapy treatment with gemcitabine and CHP. Pro-
gress 1n the treatment of tumors was determined monthly us-
ing computer tomography, clinical laboratory chemistry, de-
termination of tumor markers and physical overall constitu-
tion, 1ncluding hematological examinations. It was found
that very good treatment of tumors without appearance of

the above-mentioned side effects 1s possible with said com-

bined therapy.

Regimen of treatment with the CHP-gemcitabine combination

agent

1. Days of treatment 1 to 7: 8 g of CHP daily (intrave-

nous) .

2. Treatment on 8 following days: 8 g of intravenous CHP
three times a week and 8 g of oral CHP four times a
week.

3. If tumor progression 1s determined, also in terms of
the guidelines according to RECIST, additional gemcit-
abine administration is started.

4. The gemcitabine dose is 1000 mg/m’ and is administered

intravenously on day 1, 8 and 15.
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5. This cycle 1s repeated on day 29.

6. Concomitantly with gemcitabine 1nfusion, CHP 1s admin-
istered orally, the dose being 4 g.

7. The concomitant administration of CHP 1s effected on

days 3 to 6, 10 to 13, and 17 to 26 (resulting in a 28-

day treatment cycle).

A large number of patients suffering from colorectal adeno-
carcinoma and liver metastases can be treated by means of a
combined therapy comprising capecitabine and CHP. The stan-
dard treatment for such tumors 1s gemcitabine administra-
tion 1n the course of a 21-day treatment cycle. The pa-
tients are treated for 14 days, followed by a 7-day rest
phase. The recommended dose of capecitabine is 2,500 mg/m°
per day. The agent 1s adminlistered orally 1in two separate
doses 30 minutes after each meal. Administration of cape-
citabine results 1in a number of side effects as already
mentioned for gemcitabine administration (see above). Sur-
prisingly, the combination of capecitabine and CHP results
1in good efficiency in the treatment of tumors and reduction
of side effects compared to the treatment with separate CHP
and capeciltabine medications. Thus, the combined therapy
permlts the use of lower doses of capecitabine and shorter
treatment cycles of no more than 10 days. The combined

therapy i1s well-tolerated by the patients.

The patients I-K (68 years of age, male) and S-M (76 vyears
of age, male) suffered from histologically determined colo-
rectal adenocarcinoma and liver metastases which were
treated using a treatment cycle of combined therapy of
capecltabine and CHP according to the following therapeutic

regimen:

1. administration of capecitabine for 10 consecutive days
(2 x 3 tablets with 500 mg each), followed by a so-

called wash-out period for 10 days, and
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2. administration of CHP for 30 consecutive days as an

oral solution (dose 8 g each time).

The success of therapy was determined as 1in the CHP-

gemcitabine combination therapy.

Good therapeutic success 1n tumor treatment was found both
1n CHP-gemcitabine and CHP-capecitabine combination therapy
wherein the chemotherapeutic agents gemcitabine and cape-
cltabine could be used with lower doses and shorter treat-
ment cycles 1n the presence of CHP (compared to separate
administration of the individual pharmaceutical agents).

Particularly those side effects appearing in the gastroin-

testinal tract, such as abdominal pain, diarrhea, including
diarrhea and vomiting, vomiting per se, as well as general
symptoms of fatigue, as well as stomatitis, anemia and oth-

ers, were reduced.



CA 02548605 2006-06-06

Claims:

1. A combined agent, said agent comprising cis-hydroxy-

proline (CHP) and gemcitabine or capecitabine.

2. The agent according to claim 1,
characterized in that

1t comprises a pharmaceutically acceptable carrier, ad-

juvant and/or wvehicle.

3. The agent according to claim 2,
characterized 1in that
the carrier 1s selected from the group comprising fill-
ers, diluents, binders, humectants, disintegrants, dis-
solution retarders, absorption  enhancers, wetting

agents, adsorbents and/or lubricants.

4. The agent according to claim 2,
characterized in that
the vehicles are selected from the group comprising 1li-

posomes, siosomes and/or niosomes.

5. The agent according to any of claims 1 to 4,
characterized in that
the agent 1is a gel, poudrage, powder, infusion solu-
tion, tablet, sustained-release tablet, premix, a prod-
rug, emulsion, brew-up formulation, drops, a concen-
trate, granulate, syrup, pellet, bolus, capsule, aero-

sol, spray and/or inhalant.

6. The agent according to claim 5,

characterized in that



10.

11.

12.
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CHP and gemcitabine are present in a formulation at a
concentration of 0.1 to 99.5, preferably 0.5 to 95, and
more preferably 20 to 80 wt.-%.

The agent according to any of claims 1 to 6,
characterized in that

CHP and gemcitabine are present in said formulation at
a ratio of from 500:1 to 1:500, preferably from 100:1
to 1:100, and more preferably from 50:1 to 1:50.

An anti-tumor agent,
characterized in that
1t comprises a combined agent according to any of

claims 1 to 7.

Use of the agent according to any of claims 1 to 8 in
the prophylaxis, therapy, follow-up and/or aftercare of
diseases associlated with cell growth, cell differentia-

tion and/or cell division.

The use according to the preceding claim,
characterized in that

the disease is a tumor.

The use according to claim 9 or 10,

characterized in that
tumor growth, tumor spreading, tumor angiogenesis, tu-
mor 1nvasion, tumor infiltration and/or tumor metasta-

sization are inhibited or prevented.

The use according to the preceding claim,

characterized in that

the tumor diseases are selected from the group of neo-
plastic tumors, inflammatory tumors and/or abscesses,

effusions and/or edemas.
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The use according to any of claims 10 to 12,

characterized in that

the tumor 1s a solid tumor or a leukemia.

The use according to the preceding claim,

characterized i1in that

the solid tumor 1s a tumor of the urogenital tract

and/or gastrointestinal tract.

The use according to any of claims 10 to 14,

characterized in that

the tumor 1s a colon carcinoma, stomach carcinoma, pan-
creas carcinoma, small 1ntestine carcinoma, ovarian
carcinoma, cervical carcinoma, lung carcinoma, prostate
carcinoma, mammary carcinoma, renal cell carcinoma, a
brain tumor, head-throat tumor, liver carcinoma, and/or

a metastase of the above tumors.

The use according to claim 13 or 14,

characterized in that

the solid tumor is a mammary, bronchial, colorectal,

and/or prostate carcinoma and/or a metastase of the

above tumors.

The use according to claim 14,

characterized in that
the tumor of the urogenital tract is a bladder carci-

noma and/or a metastase of such tumors.

The use according to any of claims 9 to 17,
characterized in that
said follow-up is monitoring the effectiveness of an

anti-tumor treatment.

The use according to any of claims 9 to 18,

characterized in that
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the agents according to claims 1 to 8 are employed in
the prophylaxis, prevention, diagnosis, attenuation,
therapy, follow-up and/or aftercare of tumor metasta-
sization, tumor 1nvasion, tumor growth, tumor spread-

ing, tumor infiltration and/or tumor angiogenesis.

20. The use according to any of claims 9 to 19,
characterized in that
said follow-up 1s monitoring the effectiveness of an

anti-tumor treatment.

21. The use according to any of claims 9 to 20,
characterized in that
the agents according to claims 1 to 8 are used in a

combined therapy.

22. The use according to the preceding claim,
characterized in that
said combined therapy comprises a chemotherapy, a

treatment with cytostatic agents and/or a radiotherapy.

23. The use according to the preceding claim,

characterized in that
the combined therapy comprises an adjuvant, biologi-

cally specified form of therapy.

24. The use according to the preceding claim,

characterized in that

said form of therapy is an immune therapy.

25. The use according to any of claims 9 to 24 to increase

the sensitivity of tumor cells to cytostatic agents

and/or radiation.
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The use according to any of claims 9 to 25 for inhibit-
1ng the viability, the proliferation rate of cells, for

inducing apoptosis and/or cell cycle arrest.

The use according to any of claims 9 to 26,
characterized in that

the preparation 1s employed orally, vaginally, rec-
tally, nasally, subcutaneously, intravenously, intra-

muscularly, intraperitoneally, regionally and/or topi-

cally.

The use according to any of claims 9 to 27,

characterized in that

the agents according to claims 1 to 8 are employed in
overall amounts of from 0.05 to 1000 mg per kg, pref-
erably from 5 to 450 mg per kg body weight per 24

hours.
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