
USE OF ANGELOYL-SUBSTITUTED INGENANES IN COMBINATION
WITH OTHER AGENTS TO TREAT CANCER BACKGROUND OF THE
INVENTION FIELD OF THE INVENTION The present invention
relates generally to therapeutic protocols for the
treatment of cancer in subjects including humans. More
particularly, the present invention provides a method
for treating cancer comprising the administration of
an angeloyl-substituted ingenane or a pharmaceutically
acceptable salt, derivative, homolog or analog thereof
and at least one other agent. Preferably, the latter
agent is an anti-cancer agent or has or induces an
anti cancer effect. DESCRIPTION OF THE PRIOR ART
Bibliographic details of the publications referred to
by author in this specification are collected at the
end of the description. Reference to any prior art in
this specification is not, and should not be taken as,
an acknowledgment or any form of suggestion that this
prior art forms part of the common general knowledge
in any country. Natural product screening is a term
applied to the screening of natural environments for
bioactive molecules. Particularly sought after
bioactive molecules are those having potential as
useful therapeutic agents. Natural environments
include plants, microorganisms, soil, coral and marine
animals. The search for potential therapeutic agents
for the treatment of cancer remains an important
focus. The Euphorbiaceae family of plants covers a
wide variety of plants including weeds of Euphorbia
species. One intensively studied species of this group
is Euphorbia pilulifera L(synonyms E. hirta L., E.
capitata Lam.), whose common names include
pill-bearing spurge, snakeweed, cat's hair, Queensland
asthma weed and flowery-headed spurge. The plant is
widely distributed in tropical countries, including
India, and in Northern Australia, including
Queensland. Euphorbia peplus is another species from
which ingenol angelates with anti-cancer properties
have been isolated (See US Patent Nos. 6,432,452,
6,787,161 and 6,844,013). PEP005 is an ingenol
angelate extracted and purified from E. peplus, and is
useful, inter alia in the treatment of actinic
keratoses and non-melanoma skin cancer (NMSC) by short
term topical administration. The cytotoxicity of
PEP005 has been shown for many cell lines in vitro and
its efficacy in vivo has been clinically established.
The chemical name of PEP005 is ingenol-3-angelate.
Cancer is a cellular disease which occurs when a cell
population hyper-proliferates. In the US alone,
2,604,650 people died from cancer between 1990-1994,
with more men (53%) than women (47%) affected. The
most numerous cancer deaths were the result of cancer
of the lung (-30%), colon and rectum (-11%), breast
(-8%), and prostate (-6.5%). Among women, the most
commonly occurring cancers are breast (-31%), lung
(-12%), colon and rectum (-12%), uterus (-6%) and
ovary (-4%). It is estimated that 570,280 people will
die from some form of cancer in 2005-2006. Cancer
treatment generally requires a therapeutic protocol
comprising one or more of surgery, radiation and/or
chemotherapy. Chemotherapy is a particularly common
and well-established treatment for cancer. However,
despite the fact that anti-cancer regimes provide
significant benefit to patients, their use can be
restricted because of problems with 



toxicity and adverse reactions. In fact, patients who
are suffering from late-stage disease sometimes choose
not to undergo active treatment because of the severe
impact on quality of life. When treating malignant
disease, low molecular weight (LMW) anti-cancer drugs
demonstrate deficiencies in therapeutic efficacy,
highlighting a growing need for a multidisciplinary
approach to cancer therapy (Jain, J Natl Cancer Inst
81:570, 1989; Jain, Science 271:1079, 1996). New ideas
on controlling the pharmacokinetics,pharmacodynamics,
non-specific toxicity, immunogenicity, biorecognition,
and efficacy of drugs have been generated and have
resulted in the development of new drug delivery
systems based on inter-disciplinary approaches of
polymer science, pharmaceutics, bioconjugate chemistry
and molecular biology. The combination of drugs with
macromolecules has created a new class of therapeutics
which are drug delivery systems based on water-soluble
polymeric carriers, micelle-forming block copolymers,
nanospheres, microspheres, liposomes, dendrimers and
hydrogels (Kim and Lim, Arch Pharm Res 25:229, 2002).
However, unlike their LMW counterparts, macromolecular
drugs often encounter significant permeability
barriers that can limit achievement of the above
desirable properties. Thus, while tumor selectivity is
often heightened due to a tumor's poorly formed
vasculature and the consequent passive accumulation of
macromolecules within the malignant mass, a phenomenon
known as enhanced permeability and retention (EPR)
effect (Maeda Adv Enzyme Regul 41: 189, 2001), the
tumor cell membrane can still constitute a formidable
barrier for those macromolecules that must first enter
their target cells in order to cause cell death.
Increased intra-tumoral pressure can also compromise
delivery of macromolecular drugs to sites deep within
a malignant mass if the tumor's lymphatic drainage is
poorly developed (Swartz et al, J Biomech 32:1297,
1999). Another important drug delivery system involves
combination therapy where multiple agents are
administered to treat different symptoms or to enhance
the activity of one or multiple agents. The ability to
reduce the toxicity of anti-cancer agents by
co-administering with other compounds has been a long
term goal in cancer therapy. There is a need,
therefore, to develop formulations and protocols for
the treatment of cancer with enhanced efficacy.SUMMARY
OF THE INVENTION The present invention provides a
therapeutic protocol for the treatment of cancer. The
protocol comprises the administration of an
angeloyl-substituted ingenane (i.e. an ingenol
angelate) or a pharmaceutically acceptable salt,
derivative, homolog or analog thereof and at least one
or more other agents. The latter agents may have
direct anti-cancer properties or may induce or
facilitate the reduction in size, growth and/or spread
(e.g. metastasis) of cancer cells or tissue. The
present invention contemplates, therefore, combination
therapy for the treatment of cancer comprising the
administration of an angeloyl-substituted ingenane or
a pharmaceutically acceptable salt, derivative,
homolog or analog thereof together with, or associated
with, an agent which exhibits one or more properties
selected from: having anti-cancer activity; stimulates
neutrophils or other immune cells or immune effector
molecules (e.g. antibodies) in an immune response
against cancer cells; has the ability to mediate
antibody-dependent cellular cytotoxicity (ADCC)
towards cancer cells; stimulates production of
antibodies capable of binding to cancer cells; and/or
has cytotoxic 



T-cell activity against cancer cells. The present
invention provides a combined chemotherapeutic
protocol or a combined chemotherapeutic and
immunotherapeutic effect (i.e. a
chemoimmunotherapeutic effect) to induce anti-cancer
activity to treat subjects with cancer. It is proposed
that the combined therapeutic protocol enhances the
anti-cancer activity or efficacy of the protocol
compared to the use of either an ingenol angelate or
other agent alone. Reference to "anti-cancer activity"
includes the apoptosis, necrosis, lysis, death,
senescence and/or cell cycle arrest of cancer cells.
It also includes inhibition of metastasis of a cancer
and the induction of immunological memory against
cancer cells. "Anti-cancer efficacy" includes
anti-cancer activity as well as other properties such
as inter alia rate, timing and effectiveness of
inducing cancer cell cytotoxicity, apoptosis,
necrosis, senescence, and/or cell cycle arrest; an
ability to treat or inhibit metastasis; inducing or
stimulating an immunological response against cancer
cells; inducing immunological memory against
recurrence of cancer cells; reducing the individual
amounts of one or otherof the angeloyl-substituted
ingenane or agent required; reducing the toxic
side-effects of the anti-cancer therapy to a subject;
and reducing cancer growth following a period of
remission. Reference to a "cancer" includes solid and
blood borne cancers such as tumors, leukemias,
sarcomas or carcinomas. The combination of ingenol
angelate and other agents may be given in a single
formulation or in separate formulations admixed
together prior to administration or may be
administered simultaneously or sequentially from
separate formulations. The terms "cancer" and "tumor"
may be used interchangeably in the subject
specification. A "neoplastic" disorder is also a form
of cancer or tumor. Accordingly, one aspect of the
present invention contemplates a therapeutic protocol
for treating a subject with cancer or suspected of
having cancer, said protocol comprising administering
to said subject an angeloyl-substituted ingenane or a
pharmaceutically acceptable salt, derivative, homolog
or analog thereof and administering to said subject an
agent which exhibits one or more of the following
properties: (i) induces apoptosis, necrosis,
senescence, cytotoxicity and/or cell cycle arrest of
cancer cells; (ii) mediates T-cell mediated inhibition
or death of cancer cells or is capable of stimulating
or activating such T-cells; (iii) exhibits properties
of anti-cancer cell antibodies or is capable of
generating such antibodies; (iv) mediates
neutrophil-facilitated antibody-dependent cellular
cytotoxicity of cancer cells or is capable of
generating such neutrophils; wherein the anti-cancer
activity or efficacy of the combination of the
angeloyl-substituted ingenane and agent is greater
than either the angeloyl-substituted ingenane or agent
alone.An example of T-cell mediated inhibition or
death of cancer cells is cytotoxic T-cellmediated
inhibition or cell death. The present invention
further provides a method of treating a subject with
cancer or suspected of having cancer, said method
comprising administering to said subject an
angeloyl-substituted ingenane or a pharmaceutically
acceptable salt, derivative, homolog or analog thereof
and administering to said subject an agent which
exhibits one or more of the following properties: 



(i) induces apoptosis, necrosis, senescence,
cytotoxicity and/or cell cycle arrest of cancer cells;
(ii) mediates T-cell mediated inhibition or death of
cancer cells or is capable of stimulating or
activating such T-cells; (iii) exhibits properties of
anti-cancer cell antibodies or is capable of
generating such antibodies; (iv) mediates
neutrophil-facilitated antibody-dependent cellular
cytotoxicity of cancer cells or is capable of
generating such neutrophils; wherein the anti-cancer
activity or efficacy of the combination of the
angeloyl-substituted ingenane and agent is greater
than either the angeloyl-substituted ingenane or agent
alone. Hence, the total amount of both agents when
administered together may be less than when
administered separately or may be additive but
nevertheless more therapeutically efficacious in the
sense of having improved or enhanced anti-cancer
activity or efficacy. The present invention further
provides a therapeutic protocol for treating cancer in
a subject, said protocol comprising administering an
ingenol angelate or a pharmaceuticallyacceptable salt,
derivative, homolog or analog thereof and at least one
other agent which exhibits one or more of the
following properties: (i). induces apoptosis,
necrosis, senescence, cytotoxicity and/or cell cycle
arrest of cancer cells; (ii) mediates T-cell mediated
inhibition or death of cancer cells or is capable of
stimulating or activating such T-cells; (iii) exhibits
properties of anti-cancer cell antibodies or is
capable of generating such antibodies; (iv) mediates
neutrophil-facilitated antibody-dependent cellular
cytotoxicity of cancer cells or is capable of
generating such neutrophils; wherein the anti-cancer
activity or efficacy of the combination of the
angeloyl-substituted ingenane and agent is greater
than either the angeloyl-substituted ingenane or agent
alone; wherein the combination of ingenol angelate and
agent results in a combination index (CI) of less than
1 where the CI is determined using the equation: CI =
[(C) 1Z(Cx)1] + [(CV(Cx) 2] + [a (C) 1(C)2Z(Cx)1(Cx)2]
wherein (Cx) 1 is the concentration of one of ingenol
angelate or agent to produce x percent effect of that
drug alone, (C) 1 is the concentration of one of
ingenol angelate or agent to produce the same x
percent effect in combination with (C)2 which is the
other of the ingenol angelate or agent and a is a
constant whereby if the mode of anti-cancer activity
of ingenol angelate and agent is mutually exclusive or
non-exclusive, a is 0 and 1, respectively. The present
invention also provides a therapeutic protocol which
involves theadministration of an ingenol angelate and
one or more of: (1) a second anti-cancer agent; (2)
anti-cancer T-cells such as anti-cancer cytotoxic
T-cells; (3) a neutrophil-stimulating agent; (4) an
ADCC-facilitating agent (including neutrophils); (5)
anti-cancer cell antibodies; and/or (6) an agent which
induces, stimulates or causes to generate one or more
of(l) to (5). Another aspect of the present invention
provides a multi-part pharmaceutical formulation
having a first part comprising an ingenol angelate or
a pharmaceutically acceptable salt, derivative,
homolog or analog thereof and having a second part
comprising an agent or a 



pharmaceutically acceptable salt thereof, said parts
further optionally comprising one or more
pharmaceutically acceptable carriers, diluents and/or
excipients wherein said agent exhibits one or more of
the following properties: (i) induces apoptosis,
necrosis, senescence, cytotoxicity and/or cell cycle
arrest of cancer cells; (ii) mediates T-cell mediated
inhibition or death of cancer cells or is capable of
stimulating or activating such T-cells; (iii) exhibits
properties of anti-cancer cell antibodies or is
capable of generating such antibodies; (iv) mediates
neutrophil-facilitated antibody-dependent cellular
cytotoxicity of cancer cells or is capable of
generating such neutrophils; wherein the anti-cancer
activity or efficacy of the combination of the
angeloyl-substituted ingenane and agent is greater
than either the angeloyl-substituted ingenane or agent
alone. The present invention further provides a
formulation comprising an ingenol angelate or a
pharmaceutically acceptable salt, derivative, homolog
or analog thereof and an agent or a pharmaceutically
acceptable salt thereof and one or more
pharmaceutically acceptablecarriers, diluents and/or
excipients wherein said agent exhibits one or more of
the following properties: (i) induces apoptosis,
necrosis, senescence, cytotoxicity and/or cell cycle
arrest of cancer cells; (ii) mediates T-cell mediated
inhibition or death of cancer cells or is capable of
stimulating or activating such T-cells; (iii) exhibits
properties of anti-cancer cell antibodies or is
capable of generating such antibodies; (iv) mediates
neutrophil-facilitated antibody-dependent cellular
cytotoxicity of cancer cells or is capable of
generating such neutrophils; wherein the anti-cancer
activity or efficacy of the combination of the
angeloyl-substituted ingenane and agent is greater
than either the angeloyl-substituted ingenane or agent
alone. Still another aspect of the present invention
is directed to the use of an ingenol angelate or a
pharmaceutically acceptable salt, derivative, homolog
or analog thereof and an agent or a pharmaceutically
acceptable salt thereof in the manufacture of a
medicament for the treatment of cancer wherein said
agent exhibits one or more of the following
properties: (i) induces apoptosis, necrosis,
senescence, cytotoxicity and/or cell cycle arrest of
cancer cells; (ii) mediates T-cell mediated inhibition
or death of cancer cells or is capable of stimulating
or activating such T-cells; (iii) exhibits properties
of anti-cancer cell antibodies or is capable of
generating such antibodies;(iv) mediates
neutrophil-facilitated antibody-dependent cellular
cytotoxicity of cancer cells or is capable of
generating such neutrophils; wherein the anti-cancer
activity or efficacy of the combination of the
angeloyl-substituted ingenane and agent is greater
than either the angeloyl-substituted ingenane or agent
alone. In relation to formulations and uses, in a
preferred embodiment, the CI of the combination of
ingenol angelate and agent is less than 1. Reference
to a CI value of less than 1 includes values of 0.01,
0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1,
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 



0.8, 0.9, 0.91, 0.92, 0.93, 0.94, 0.95, 0.96, 0.97,
0.98 and 0.99 as well as values in between. In a
preferred embodiment, the ingenol angelate is
ingenol-3-angelate which is referred to herein as
"PEP005". Reference to "ingenol angelate",
"ingenol-3-angelate", "PEP005" or anti-cancer agent
includes naturally occurring isolated forms,
chemically modified forms, chemically synthesized
forms as well as pharmaceutically acceptable salts,
derivatives, homologs or analogs thereof. Anti-cancer
agents contemplated by the present invention include
cytotoxic, necrotic, apoptotic, cell cycle arresting
and static agents useful in the treatment of
neoplastic disorders such as solid and blood borne
cancers. Examples of particular anti-cancer agents are
listed in Table 1. The term "anti-cancer agent" also
includes cytotoxic T-cells and other T-cell types and
other immune cells as well as antibodies and
neutrophil-stimulating agents and ADCC facilitating
agents and agents which induce any one or more of the
above. The subject may be any animal, including a
mammal such as a human. The present invention further
contemplates delivery systems for the subject
formulations. In one embodiment, the ingenol angelate
and agent are maintained separately and are admixed
together prior to administration. In this embodiment,
the formulation may beadministered through a single
body tissue-invasive inlet device or through multiple
body tissue-invasive inlet devices such a s but not
limited to syringes and needles. Consequently,
simultaneous or sequential administration of the
ingenol angelate and an agent, in either order, is
part o f the present invention. TABLE l Examples of
agentsfor use as a co-medicaments with an
angeloyl-substituted ingenane for the treatment of
cancer -we*- ' r  . f Alkylating Agfints :* Alkeran -
Melphalan Alkeran Injection -Melphalan BiCNU-
Carmustine CeeNU - Lomustine Cycloblastin -
Cyclophosphamide Endoxan (containing sodium chloride)
- Cyclophosphamide Endoxan (new formulation without
sodium chloride) - Cyclophosphamide liadel Implant -
Carmustine Holoxan - Ifosfamide Leukeran -
Chlorambucil Muphoran - Fotemustine Myleran - Busulfan
Temodal - Temozolomide Thiotepa - Thiotepa 1L t A SU 



ntibioti 4 c cyJ t --t t o xic I : I Adriamycin
Solution - Doxorubicin hydrochloride Blenamax -
Bleomycin sulfate Blenoxane - Bleomycin sulfate
Bleomycin Sulfate for Injection (DBL) - Bleomycin
sulfate Caelyx - Doxorubicin hydrochloride Cosmegen -
Dactinomycin Daunorubicin Injection - Daunorubicin
hydrochloride DaunoXome - Daunorubicin hydrochloride
Docetaxel Doxorubicin Hydrochloride Injection (DBL) -
Doxorubicin hydrochloride Doxorubicin Hydrochloride
Injection USP - Doxorubicin hydrochloride Epirubicin
Hydrochloride Injection (DBL)- Epirubicin
hydrochloride Fludara- Fludarabine phosphate Mitomycin
C Kyowa- Mitomycin Mitozantrone Injection -
Mitozantrone hydrochloride Novantrone- Mitozantrone
hydrochlorideTWIN ROLL CASTER, AND EQUIPMENT AND
METHOD FOR OPERATING THE SAME TECHNICAL FIELD This
invention relates generally to twin roll casters , and
more particularly to casting rolls for a twin roll
caster. The twin roll method of continuous casting
thin metal strip from molten metal between a pair of
counter rotating casting rolls and through a nip
between the rolls is known. Figures 14 and 15 show an
example of a prior art continuous casting machine.
With reference to the Figures , the casting rolls 2
are in contact with side dams 1 at the circumferential
end surfaces of the casting rolls 2 and have hollow
stub shafts 3 that axially engage the two ends of the
casting rolls 2 (see for example U.S. Patent No.
6,241,002) . The two end portions of the casting rolls
2 are smaller than the central portions and are shaped
as to come into contact with the side dams 1 . In the
continuous 



casting machine, the casting rolls 2 are disposed
lateral to each other in such a manner that the
casting roll nip may be adjusted according to the
thickness of the strip S that is to be manufactured.
The side dams 1 are respectively in contact with end
surfaces of central portions of greater diameter of
the casting rolls 2 . The arrangement is such that the
casting rolls 2 and the side dams 1 contain the molten
metal M . The speed and direction of revolution of the
casting rolls are set such that the outer
circumferential surfaces move towards the casting roll
gap at the same speed.Radially below and spaced from
the position of the side dams, the known casting rolls
2 have a plurality of axially extending, i.e.
longitudinal, internal cooling passages 4 positioned
equidistantly circumferentially , and a plurality of
radially extending cooling passages 5 connected with
the ends of the longitudinal cooling passages 4 . The
cooling passages 4 extend from one end of the casting
rolls to the other end of the casting rolls radially
below the position of the side dams . Bolts 7 or plugs
6 in the ends served as plugs to close the ends of the
longitudinal cooling passages 4 . The radial cooling
passages 5 extend from an inner circumferential
surface of the casting rolls at right angles to the
longitudinal cooling passages 4 . Radial cooling
passages 8 pass through the hollow shaft 3 to allow
cooling water W to flow through one hollow shaft 3
into radial cooling passages 5 , then into
longitudinal cooling passages 4 , corresponding radial
cooling passages 8, 5 at the other end of the casting
roll 2 , and finally into the interior of the other
hollow shaft 3 . In such a continuous casting machine,
heat is removed by cooling water W flowing through the
radial cooling passages 5 and the longitudinal cooling
passages 4 while molten metal M is poured into the
space confined by the side dams 1 and the casting
rolls 2 forming a pool of molten metal M above the nip
between the casting rolls . s the casting rolls
rotate, the metal that is being cooled on the outer
circumferential surfaces of the casting rolls 2 forms
solidified shells that form a strip S , and the strip
S moves downwards from the casting roll gap . The rate
of cooling of the molten metal ishowever limited by
the heat conductivity from the 



circumferential surfaces to the cooling passages .
Thus, it is apparent that it would be advantageous to
provide an alternative apparatus and method that
provides more efficient casting of melt strip .
Accordingly, a suitable alternative is provided
including features more fully disclosed hereinafter.
DISCLOSURE OF THE INVENTION An apparatus and a method
are disclosed for casting metal strip having a pair of
laterally positioned casting rolls forming a nip
between them. A molten metal supply system delivers
molten metal into the nip between the casting rolls
and forms a casting pool of molten metal supported on
the casting rolls immediately above the nip. A pair of
side dams, one at each end of the pair of casting
rolls, confines the pool of molten metal and abuts
axial end surfaces of the casting rolls . Each casting
roll comprises a cylindrical body. In one embodiment
the body is a stepped cylindrical body which comprises
a cylindrical central portion of a larger outer
diameter than adjacent cylindrical end portions that
extend axially from each end of the central portion at
an inwardly stepped shoulder that forms a radially
extending end surface . Each casting roll also
comprises a plurality of cooling passages extending
through the central portion, typically between the
radially extending end surfaces. The cooling passages
comprise longitudinal cooling passages . The cooling
passages also comprise at least one bend in the
cooling passages which requires cooling fluidflowing
through a cooling passage to undergo a change in
direction . Each casting roll also comprises a flow
control member positioned in the bend to control the
flow of cooling fluid around the bend Each casting
roll may comprise radial cooling passages extending
from a casting roll inner periphery and connect to a
longitudinal cooling passage, with the bend being
formed where the longitudinal and radial cooling
passages merge together. In one embodiment each
casting roll comprises at least one circumferential
section that interconnects adjacent longitudinal
cooling passages so that cooling fluid can flow from
one longitudinal cooling passage into 



and then along an adjacent longitudinal cooling
passage, with the bend being formed in the
circumferential section In one embodiment the flow
control member comprises a baffle that is formed and
positioned in the bend to change the flow of cooling
fluid around the bend. For example, the baffle is
positioned to extend from an internal corner of the
bend towards an external corner of the bend. This
arrangement reduces the cross section of the bend and
causes an increase in the velocity of the cooling
fluid, such as water, and also directs the cooling
fluid towards the outer corner of the bend. In one
embodiment the flow control member is a plurality of
fins that are formed and positioned in the bend to
change the flow of cooling fluid around the bend. For
example, the fins are aligned circumferentially and
project from positions in thevicinity of the radially
extending end surfaces and extend in the direction of
the longitudinal cooling passage, and cooling fluid,
such as water, is caused to flow through the cooling
passage. Thus, the fins reduce the cross section of
the bend and thereby increase the velocity of the
cooling fluid, and also conduct the heat of the
casting roll from the fins to the cooling fluid. In
one embodiment the flow control member is a plurality
of inserts positioned in the bend to change the flow
of cooling fluid around the bend. For example, the
inserts fill in a portion of the bend and thereby
reduce the cross-sectional area of the bend and
thereby increase the velocity of the cooling fluid,
such as water, and also direct the cooling fluid to
the vicinity of the outer circumferential surface of
the roll in the bend. The above-mentioned examples are
not the only possible flow control members . The
foregoing and other aspects will become apparent from
the following detailed description of the invention
when considered in conjunction with the accompanying
drawing figures . BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic drawing showing a vertical
cross-section of one embodiment of a continuous
casting machine; Figure 2 is a schematic drawing
showing one of the baffles shown in Figure 1 ; 



Figure 3 is a schematic drawing showing an axialview
of the casting rolls and the stub shafts shown in
Figure 1 ; Figure 4 is two diagrams comparing the flow
velocity distribution of cooling water in the
continuous casting machine shown in Figure 1 , i.e.
with internal baffles, and in an example of a
continuous casting machine in which there are no
internal baffles ; Figure 5 is two diagrams comparing
the flow velocity distribution of cooling water in the
continuous casting machine shown in Figure 1 , i.e.
with internal baffles, and in an example of a
continuous casting machine in which there are no
internal baffles ; Figure 6 is a schematic drawing
showing a vertical cross-section of another embodiment
of a continuous casting machine; Figure 7 is a
schematic drawing of the fins shown in Figure 6 ;
Figure 8 is two diagrams comparing the flow velocity
distribution of cooling water in the continuous
casting machine shown in Figure 6 , i.e. with internal
fins , and in an example of a continuous casting
machine in which there are no internal baffles ;
Figure 9 is two diagrams comparing the flow velocity
distribution of cooling water in the continuous
casting machine shown in Figure 6 , i.e. with internal
fins, and in an example of a continuous casting
machine in which there are no internal baffles; Figure
10 is a schematic drawing showing a vertical cross
-section of another embodiment of a continuous casting
machine;Figure 11 is a schematic drawing showing a
lateral cross-sectional view of the positions of the
longitudinal cooling passages, circumferential cooling
passages, and inserts of Figure 10; Figure 12 is a
schematic drawing showing a horizontal cross sectional
view of the positions of the longitudinal cooling
passages, circumferential cooling passages, and
inserts of Figure 10; Figure 13 is two diagrams
comparing the flow velocity distribution of cooling
water in the continuous casting machine shown in
Figure 10 in which there are internal circumferential
cooling passages and in an example of a continuous
casting machine in which there are no circumferential
cooling passages; 



Figure 14 is a schematic drawing showing a vertical
cross-section of a prior art continuous casting
machine ; and Figure 15 is a schematic drawing showing
an axial view of the casting rolls and the stub shafts
shown in Figure 14. DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS In general terms , Figures 1 through 5
show cylindrical casting rolls with a central portion
and shoulder portions adjacent side dams. The shoulder
portions define radially extending end surfaces of the
central portion. The casting rolls have longitudinal
cooling passages extending through each of the central
portions of the casting rolls from one shoulder
portion to the other shoulder portion. Radial cooling
passages pass through each of the casting rolls from
innercircumferential surfaces . The radial cooling
passages are in positions that are close to the
radially extending end surfaces . Cylindrical plugs ,
with closed base ends , engage the ends of
longitudinal cooling passages. In use cooling water
flows in sequence through a radial cooling channel , a
longitudinal cooling channel , and another radial
cooling channel at the opposite end of the casting
roll. In more specific terms, Figures 1 to 5 show a
continuous casting machine with one embodiment of the
disclosed casting rolls disclosed herein. Such casting
machines having casting rolls 12 , the outer diameters
of which are greater at central portions 17 than at
end portions 28 at the ends of the rolls . The central
portions 17 comprise radially extending end surfaces .
Side dams 11 contact the end surfaces of the central
portions 17 in an operative position of the casting
machines. The casting rolls 12 also comprise hollow
stub shafts 13 that axially engage the two end
portions 28. The stub shafts 13 have diameters that
are similar to the outer diameters of the two end
portions 28 of the casting rolls 12 . Longitudinal
cooling passages 14 pass through the casting rolls 12
between the radially extending end surfaces of the
central portions 17 of the casting rolls 12 . The
longitudinal cooling passages 14 are disposed
substantially equidistantly circumferentially in the
casting rolls 12. In this position, the longitudinal 



cooling passages 14 are in good heat transfer
relationship with the outer surfaces of the rolls .
Radial cooling passages 15 extend radially through the
casting rolls 12 from inner circumferential surfaces
of the casting rolls near the end portions 28 ofthe
casting rolls 12 and connect with the longitudinal
cooling passages 14. Consequently, the longitudinal
and radial cooling passages 14, 15 form right angle
bends at these locations . Furthermore, circular
plate-shaped plugs 19 close both ends of the
longitudinal cooling passages 14 . The plugs 19 are
fixed to the casting rolls 12 by means of snap rings
20. Sealing materials, such as Orings , are also used
between the plugs 19 and the inner circumferential
surfaces of the longitudinal cooling passages 14. s a
consequence, cooling water W is caused to flow
continuously in sequence into one of the radial
cooling passages 15 that communicates with the
longitudinal cooling passages 14 , that longitudinal
cooling passage 14, and the other of the radial
cooling passages 15 that communicates with that
longitudinal cooling passage 14. In addition,
cylindrical spacers 31 are positioned in each of the
radial cooling passages 15 and define baffles 32 that
extend partially into the longitudinal cooling
passages 14. Baffles 32 are integrally provided in the
leading end parts of the spacers 31 . The baffles 32
are formed and positioned to project from an inner
corner of the bends defined by the longitudinal
cooling passages 14, 15 outwardly towards the outer
corner of the bends, with the cross-sectional area of
the passages being reduced by half before and after
the baffles 32 . The stub shafts 13 are hollow and
include radial cooling passages 18 that extend
radially through the stub shafts 13 so that the
cooling water W can flow continuously in sequence into
one of the radial coolingpassages 15 that communicates
with the longitudinal cooling passages 14, that
longitudinal cooling passage 14, and the other of the
radial cooling passages 15, and rotary joints and the
like in the radial cooling passages 18. In operation
of the continuous casting machine, the pair of casting
rolls 12 , the stub shafts 13 and the plugs 16 are
positioned laterally to each other, and in 



such a manner that a casting roll nip can be adjusted
according to the thickness of the strip S that is to
be manufactured. In addition, the side dams 11 contact
the radially extending end surfaces of the central
portions 17 of the casting rolls 12 . In such a
continuous casting machine, heat is removed from the
casting rolls 12 by cooling water W flowing through
the radial cooling passages 15 and the longitudinal
cooling passages 14 while molten metal is poured into
a space above the nip confined by the side dams 11 and
the casting rolls 12 to form a casting pool of molten
metal M . As the casting rolls rotate, the metal that
has been cooled by the outer circumferential surfaces
of the casting rolls 12 and has formed downwardly
moving strip S at the nip. As is mentioned above, the
longitudinal cooling passages 14 extend between
radially extending end surfaces of the central
portions 17 of the casting rolls 12 . The arrangement
is such that there a small gap T3 only between the
longitudinal cooling passages 14 and the outer
circumferential surfaces of the casting rolls 12 ,
while maintaining a spacing of T4 between the outer
surfaces of the end portions 28 and the outer surfaces
of the central portions 17. Thus, in use, the cooling
water W passes through- li  the longitudinal passages
14 of the casting rolls 12 can effectively cool the
outer circumferential surfaces of the casting rolls 12
. Moreover, the baffles 32 reduce the crosssectional
area of the passages in the bends by approximately
half when compared with the example illustrated in
Figures 14 and 15 in which no baffles 32 are provided
in the bends . Hence , the velocity of the cooling
water V is increased and moreover the cooling water W
is directed towards the outer corners of the bends
which results in more effective cooling of the ends
parts of the casting rolls 12 . The beneficial impact
of the baffles 32 in both flow directions is
illustrated by the cooling water velocity profiles in
Figures 4 and 5 . Thus , the cooling effect upon the
casting rolls 12 is increased in the casting rolls 12
described above, and it is therefore possible to
increase the number of 



revolutions of the casting rolls 12, that is to
increase the casting speed and improve the production
efficiency of the strip S . Figures 6 to 9 show a
continuous casting machine that comprises a second
embodiment of the casting rolls 12 , in which those
parts represented by the same symbols as in Figures 1
to 5 refer to the same items . In this casting roll 12
a plurality of integrally formed fins 33 that project
into the longitudinal cooling passages 14 and straddle
the outlets of the radial cooling passages 15 is
provided in place of the spacers 31 and the baffles 32
described above. Thus, the cross-sectional area of the
passages in the bends defined by the intersections of
the longitudinal and radial coolingpassages 14, 15 is
reduced by approximately half. The plurality of fins
33 is arranged circumferentially within the casting
rolls 12 in such a manner as not to directly impede
the flow of the cooling water W and with leading ends
of the fins being formed with acute angles and with
the inner corners of the bends being lengthened. In a
continuous casting machine that employs such casting
rolls , cooling water is caused to flow through the
longitudinal cooling passages 14 and the radial
cooling passages 15 and extract heat from the casting
rolls 12 while molten metal is poured into a pool
defined by the side dams 11 and the casting rolls 12.
The longitudinal cooling passages 14 extend between
radially extending end surfaces of the central
portions 17 of the casting rolls 12 . The arrangement
is such that there a small gap T3 only between the
longitudinal cooling passages 14 and the outer
circumferential surfaces of the casting rolls 12 ,
while maintaining a spacing of T4 between the outer
surfaces of the end portions 28 and the outer surfaces
of the central portions 17. Consequently, the cooling
water W passes close to the outer circumferential
surfaces of the casting rolls 12 and effectively cools
these surfaces of the casting rolls 12. Moreover, the
velocity of the cooling water W increases because the
cross-sectional area of the passages in the bends is
reduced by approximately half when compared with the
example in which fins 33 are not 



provided as shown in Figures 14 and 15 and, moreover,
the heat received by the casting rolls 12 from the
moltenmetal is conveyed through the plugs 19 and the
fins 33 to the cooling water W , with the result that
the casting rolls 12 are efficiently cooled. The
beneficial impact of the fins 33 in both flow
directions is illustrated by the cooling water
velocity profiles in Figures 8 and 9 . Thus , the
cooling effect of the casting rolls 12 is high in the
casting rolls 12 described above, and hence it is
possible to increase the rate of rotation of the
casting rolls 12, that is, to increase the casting
speed and to increase the production efficiency of the
strip S . Figures 10 to 13 show a continuous casting
machine that employs a third, but not the only other
possible, embodiment of the casting rolls, in which
those parts represented by the same symbols as in
Figures 1 to 5 refer to the same items . This casting
roll possesses circumferential cooling passages 34
that interconnect adjacent longitudinal cooling
passages 14 and facilitate flow of cooling water W
that has passed through the entire length of one
longitudinal cooling passage 14 into an adjacent
longitudinal cooling passage 14 . The circumferential
cooling passages 34 are formed by cutting apertures
from the inside towards the outside of the casting
rolls 12 and by closing the apertures at positions in
the vicinity of the rotational axis of the casting
rolls 12 by means of plugs 35 in order to interconnect
the two longitudinal cooling passages 14. Moreover,
inserts 36 are positioned in the longitudinal cooling
passages 14, and the cross-sectional area of the
passages is reduced by approximately half.The leading
ends of the inserts 36 are shaped to be at acute
angles and are elongated along the rotational axis of
the casting rolls 12 . In the continuous casting
machine employing the casting rolls 12 described above
the heat is extracted from the casting rolls 12 by
causing cooling water W to flow through the
longitudinal cooling passages 14 and the radial
cooling passages 15 while molten metal is poured into
the space formed by the side weirs 11 and the roll
bodies 12 . The longitudinal cooling passages 14
extend from one radially extending end surface at a
position at which 



the outer radius of the casting rolls 12 is expanded
and which is abutted by the side dam 11 to the other
radially extending end surface at a position at which
the outer radius of the casting rolls 12 is expanded
and which is abutted by the side dam 11. Hence, the
contact T4 between the side dam 11 and the radially
extending end surface at that portion of the casting
rolls 12 at which the outer radius is greater, while
permitting the greatest possible reduction in the
distance T3 between the longitudinal cooling passages
14 and the outer circumferential surface of the
casting rolls 12 . Consequently, the cooling water W
passes through the surface layer of the casting rolls
12 and effectively cools the outer circumferential
surface of the casting rolls 12 . Moreover, the
velocity of the cooling water W increases because the
cross-sectional area of the passages in the bends is
reduced by approximately half and, moreover, the
cooling water W is directed to the vicinity of the
outer circumferential surface of the casting rolls12
in the bends, with the result that the casting rolls
12 are efficiently cooled. The beneficial impact of
the inserts 36 in one flow direction is illustrated by
the cooling water velocity profiles in Figure 13 .
Thus the casting rolls described above permit
increases in the rate of rotation of the casting rolls
12 that is increases in the casting speed and greater
production efficiency for the strip S because the
cooling effect of the casting rolls 12 is enhanced.
The casting rolls envisaged herein are not limited to
modes of implementation described above and may of
course be modified provided that such modifications do
not violate the spirit of the invention . The casting
rolls envisaged herein may be employed for the
continuous casting of steel and various other metals
.CLAIMS 1 . An apparatus for casting metal strip
comprising: (a) a pair of laterally positioned casting
rolls forming a nip between them, each casting roll
comprising a cylindrical body with a central portion,
and a plurality of cooling passages extending through
the central portion, the cooling passages comprising
longitudinal cooling passages, the cooling passages
also 



comprising at least one bend in the cooling passages
which requires cooling fluid flowing through a cooling
passage to undergo a change in direction, and a flow
control member positioned in the bend to control the
flow of cooling fluid around the bend; and (b) a
molten metal supply system to deliver molten metal
above the nip between the casting rolls to form a
casting pool of molten metal supported on the casting
rolls immediately above the nip. 2 . The apparatus for
casting metal strip of claim 1 where each casting roll
comprises a radially extending end surface at each end
of the central portion capable of supporting a side
dam, and the cooling passages extend through the
central portion between the radially extending end
surfaces . 3 . The apparatus for casting metal strip
of claim 1 or claim 2 where the cooling passages
further comprise a plurality of radial cooling
passages, each radial cooling passage extending from a
casting roll inner periphery to one of the
longitudinal cooling passages at one of the ends of
the central portion, with the bend being formed where
the longitudinal and radial cooling passages merge
together .4 . The apparatus for casting metal strip of
claim 3 where the flow control member comprises a
baffle extending from an inside corner of the bend
towards an outer corner of the bend. 5 . The apparatus
for casting metal strip of claim 3 where the flow
control member comprises a plurality of fins extending
from the radially extending end surfaces in the
direction of the longitudinal cooling passage. 6 . The
apparatus for casting metal strip of claim 1 or claim
2 where the cooling passages comprise at least one
circumferential section that interconnects adjacent
longitudinal cooling passages so that cooling fluid
can flow from one longitudinal cooling passage into
and then along an adjacent longitudinal cooling
passage, with the bend being formed in the
circumferential section . 7 . The apparatus for
casting metal strip of claim 6 where the flow control
member comprises an insert that partially fills in the
bend and reduces the crosssectional area of the bend.
8 . A casting roll comprising: (a) a cylindrical body
having a central 



portion ; and (b) a plurality of cooling passages
extending through the central portion, the cooling
passages comprising longitudinal cooling passages, the
cooling passages also comprising at least one bend in
the cooling passages which requires cooling fluid
flowing through a cooling passage to undergo a change
in direction, and a flow control member positioned in
the bend to control the flow of cooling fluid around
the bend.8 . The casting roll of claim 7 where the
cylindrical body is a stepped cylindrical body having
the central portion with a first outer diameter and an
end portion having a second outer diameter extending
axially from each end of the central portion, and the
second outer diameter being smaller than the first
outer diameter. 9 . The casting roll of claim 7 or
claim 8 comprises a radially extending end surface at
each end of the central portion capable of supporting
a side dam, and the cooling passages extend through
the central portion between the radially extending end
surfaces . 10. The casting roll of any one of claims 7
to 9 where the cooling passages further comprise a
plurality of radial cooling passages, each radial
cooling passage extending from a casting roll inner
periphery to one of the longitudinal cooling passages
at one of the ends of the central portion, with the
bend being formed where the longitudinal and radial
cooling passages merge together. 11. The casting roll
of claim 10 where the flow control member comprises a
baffle extending from an inside corner of the bend
towards an outer corner of the bend. 12 . The casting
roll of claim 10 where the flow control member
comprises a plurality of fins extending from the
radially extending end surfaces in the direction of
the longitudinal cooling passage. 13 . The casting
roll of claim 9 or claim 10 where the cooling passages
comprise at least one circumferential section that
interconnects adjacent longitudinal cooling passages
so that cooling fluid can flow from one longitudinal
cooling passage into and then along an adjacent
longitudinal cooling passage, with the bend
beingformed in the circumferential section. 14 . The
casting roll of claim 13 where the flow control member
comprises an insert that partially fills in the bend
and reduces the cross-sectional area of the bend. 15 .
A method of continuously casting thin metal strip 



comprising the steps of: (a) assembling a pair of
laterally positioned casting rolls forming a nip
between them, each casting roll comprising a
cylindrical body with a central portion, and a
plurality of cooling passages extending through the
central portion, the cooling passages comprising
longitudinal cooling passages, the cooling passages
also comprising at least one bend in the cooling
passages which requires cooling fluid flowing through
a cooling passage to undergo a change in direction,
and a flow control member positioned in the bend to
control the flow of cooling fluid around the bend; (b)
delivering molten through a metal supply system above
the nip between the casting rolls to form a casting
pool of molten metal supported on the casting rolls
immediately above the nip between the casting rolls;
and (c) counter rotating the casting rolls to form
shells from the casting pool on the cylindrical
surfaces of the casting rolls and form thin cast strip
at the nip between the casting rolls delivered
downwardly. 16. An apparatus for casting metal strip
comprising: (a) a pair of laterally positioned casting
rolls forming a nip between them, each casting roll
comprising a cylindrical body with a central portion
and aradially extending end surface at each end of the
central portion capable of supporting a side dam, and
a plurality of cooling passages extending through the
central portion between the radially extending end
surfaces , the cooling passages comprising
longitudinal cooling passages, the cooling passages
also comprising at least one bend in the cooling
passages which requires cooling fluid flowing through
a cooling passage to undergo a change in direction,
and a flow control member positioned in the bend to
control the flow of cooling fluid around the bend; and
(b) a molten metal supply system to deliver molten
metal above the nip between the casting rolls to form
a casting pool of molten metal supported on the
casting rolls immediately above the nip confined by
side dams positioned adjacent the radially extending
end surfaces . 


