
PROGNOSIS PREDICTION FOR COLORECTAL CANCER RELATED
APPLICATION This application claims the benefit of New
Zealand Provisional Patent Application No. 544432
filed December 23, 2005, which is incorporated by
reference herein in its entirety. FIELD OF THE
INVENTION This invention relates to methods and
compositions for determining the prognosis of cancer,
particularly colorectal cancer, in a patient.
Specifically, this invention relates to the use of
genetic markers for determining the prognosis of
cancer, such as colorectal cancer, based on prognostic
signatures. BACKGROUNDOF THE INVENTION Colorectal
cancer (CRC) is one of the most common cancers in the
developed world, and its incidence is continuing to
increase. Although the progression of colorectal
cancer from benign polyp to adenoma to carcinoma is
well studied (1), the molecular events influencing the
transition and establishment of metastasis are less
well understood. The prognosis and treatment of CRC
currently depends on the clinicopathological stage of
disease at the time of diagnosis, and primary surgical
treatment. Unfortunately disease stage alone does not
allow accurate prediction of outcome for individual
patients. If patient outcomes could be predicted more
accurately treatments could be tailored to avoid
under-treating patients destined to relapse, or
over-treating patients who would be helped by surgery
alone. Many attempts have been made to identify
markers that predict clinical outcome in CRC. Until
recently most studies focused on single proteins or
gene mutations with limited success in terms of
prognostic information (2). Microarray technology
enables the identification of sets of genes, called
classifiers or signatures that correlate with cancer
outcome. This approach has been applied to a variety
of cancers, including CRC (3-5), but methodological
problems and a lack of independent validation has cast
doubt over the findings (6,7). Furthermore, doubts
about the ability of classifiers/signatures to predict
outcome have arisen due to poorconcordance of
identified by different researchers using different
array platforms and methodologies (8). There is a need
for further tools to predict the prognosis of
colorectal cancer. This invention provides further
methods, compositions, kits, and devices based on
prognostic cancer markers, specifically colorectal
cancer prognostic markers, to aid in the prognosis and
treatment of cancer. SUMMARY OF THE INVENTION In
certain embodiments there is provided a set of markers
genes identified to be differentially expressed in
recurrent and non-recurrent colorectal tumours. This
set of genes can be used to generate prognostics
signatures, comprising two or more markers, capable of
predicting the progression of colorectal tumour in a
patient. The individual markers can differentially
expressed depending on whether the tumour is recurrent
or not. The accuracy of prediction can be enhanced by
combining the markers together into a prognostic
signature for, providing for much more effective
individual tests than single-gene assays. Also
provided for is the application of techniques, such as
statistics, machine learning, artificial intelligence,
and data mining to the prognostics signatures to
generate prediction models. In another embodiment,
expression levels of the markers of a particular
prognostic signature in the tumour of a patient can
then be applied to the prediction model to determine
the prognosis. In certain embodiments, the expression
level of the markers can be established using
microarray methods, quantitative polymerase chain
reaction (qPCR), or immunoassays. BRIEF DESCRIPTION OF
THE FIGURES This invention is described with reference
to specific embodiments thereof and with reference to
the figures, in which: Figure 1 depicts a flow chart
showing the methodology for producing the prognostic
signatures from 149 New Zealand (NZ) and 55 German
(DE) colorectal cancer (CRC) samples. New Zealand RNA
samples were hybridized tooligonucleotide spotted
arrays, with a 22-gene signature produced via leave
one out cross validation (LOOCV), and then
independently validated by LOOCV using the 55 sample
DE data set. German RNA samples were hybridized to
Affymetrix arrays, with a 19-gene signature produced
via LOOCV, and then independently validated by LOOCV
using the NZ data set. Figure 2 depicts a Kaplan-Meier
analysis of disease-free survival time with patients
predicted as high versus low risk of tumour
recurrence: a, using NZ 22-gene signature on 149
tumours from NZ patients; b, using DE 19-gene
signature on 55 tumours from DE patients; c, NZ
prognostic signature validated on 55 tumours from DE
patients; d, DE prognostic signature validated on 149
tumours from NZ patients. P-values were calculated
using the log-rank test. Figure 3 depicts a
Kaplan-Meier analysis of disease free survival time
with patients predicted as high versus low risk of
tumour recurrence: a, using the 22-gene NZ signature
on NZ patients with Stage II and Stage III disease; b,
using the 19-gene DE signature on NZ patients with
Stage II and Stage III disease. Figure 4 shows the
predictive value of signatures of varying lengths for
prognosis of colorectal cancer. These signatures were
derived from 10 replicate runs of 11-fold cross
validation. Each replicate 11-fold validation run is
indicated by the various dashed lines; the mean across
replicates by the bold line. In each fold of the
cross-validation, genes were removed if the
fold-change across classes was < 1.1 (for the
remaining samples not removed in that particular
fold). The genes were then ranked using a modified
t-statistic, obtaining a different set of genes for
each fold, and classifiers using the top n- genes
(where n=2 to 200) were constructed for each fold. The
genes therefore may differ for each fold of each
replicate 11-fold cross validation. Figure 4 (A):
Sensitivity (proportion of recurrent tumours correctly
classified), with respect to number of
genes/signature. Figure 4 (B): Specificity (proportion
of nonrecurrent tumours correctly classified), with
respect to number of genes/signature. Figure 4 (C):
Classification rate (proportion of tumours correctly
classified), with respect to number of
genes/signature. The nomenclature applied by the
statistician is as follows: I refers to Stage I or
Stage II colorectal cancer (with no progression), and
IV refers to eventual progression to Stage IV
metastases.Figure 5 shows the decreased predictive
value of signatures for the prognosis of colorectal
cancer, in a repeat of the experiment of Figure 4,
except with the two genes, FAS and ME2,removed from
the data set. Figure 5 (A): Sensitivity (proportion of
recurrent tumours correctly classified), with respect
to number of genes/signature. Figure 5 (B):
Specificity (proportion of non-recurrent tumours
correctly classified), with respect to number of
genes/signature. Figure 5 (C): Classification rate
(proportion of tumours correctly classified), with
respect to number of genes/signature. Figure 6 shows a
pairs chart of "top counts" (number of times each gene
appeared in the "top-n" gene lists, i.e., top 10, top
20, top 100, and top 325 as described in Example 17)
using three different normalization methods produced
using 



the R statistical computing package(10,39) , in
accordance with Example 17, below. The "pairs" chart
is described in by Becker et al, in their treatise on
the S Language (upon which R is based; see reference
39) To compare methods, use row and column as defined
on the diagonal to obtain the scatter plot between
those two methods, analogous to reading distances off
a distance chart on a map Figure 7 shows the pairs
chart (39) of top counts (number of times each gene
appeared in the "top-n" gene lists, i.e., top 10, top
20, top 100, and top 325 as described in Example 17)
using three different filtering statistics: (a)
two-sample Wilcoxon test (41), (b) t-test (modified
using an ad-hoc correction factor in the denominator
to abrogate the effect of low-variance genes falsely
appearing as significant) and (c) empirical Bayes as
provided by the "limma"( 10,40,42) package of
Bioconductor (12,40). DETAILED DESCRIPTION Definitions
Before describing embodiments of the invention in
detail, it will be useful to provide some definitions
of terms used herein. The term "marker" refers to a
molecule that is associated quantitatively or
qualitatively with the presence of a biological
phenomenon. Examples of "markers"include a
polynucleotide, such as a gene or gene fragment, RNA
or RNA fragment; or a gene product, including a
polypeptide such as a peptide, oligopeptide, protein,
or protein fragment; or any related metabolites, by
products, or any other identifying molecules, such as
antibodies or antibody fragments, whether related
directly or indirectly to a mechanism underlying the
phenomenon. The markers of the invention include the
nucleotide sequences (e.g., GenBank sequences) as
disclosed herein, in particular, the full-length
sequences, any coding sequences, any fragments, or any
complements thereof, and any measurable marker thereof
as defined above. The terms "CCPM" or "colorectal
cancer prognostic marker" or "CCPM family member"
refer to a marker with altered expression that is
associated with a particular prognosis, e.g., a higher
or lower likelihood of recurrence of cancer, as
described herein, but can exclude molecules that are
known in the prior art to be associated with prognosis
of colorectal cancer. It is to be understood that the
term CCPM does not require that the marker be specific
only for colorectal tumours. Rather, expression of
CCPM can be altered in other types of tumours,
including malignant tumours. The terms "prognostic
signature," "signature," and the like refer to a set
of two or more markers, for example CCPMs, that when
analysed together as a set allow for the determination
of or prediction of an event, for example the
prognostic outcome of colorectal cancer. The use of a
signature comprising two or more markers reduces the
effect of individual variation and allows for a more
robust prediction. Non-limiting examples of CCPMs are
set forth in Tables 1, 2, 5, and 9, while non-limiting
examples of prognostic signatures are set forth in
Tables 3, 4, 8A, 8B, and 9, herein. In the context of
the present invention, reference to "at least one,"
"at least two," "at least five," etc., of the markers
listed in any particular set (e.g., any signature)
means any one or any and all combinations of the
markers listed. The term "prediction method" is
defined to cover the broader genus of methods from the
fields of statistics, machine learning, artificial
intelligence, and data mining, which can be used to
specify a prediction model. These are discussed
further in the Detailed Description section.The term
"prediction model" refers to the specific mathematical
model obtained by applying a prediction method to a
collection of data. In the examples detailed herein,
such data sets consist of measurements of gene
activity in tissue samples taken from recurrent and
non-recurrent colorectal cancer patients, for which
the class (recurrent or non-recurrent) of each sample
is known. Such models can be used to (1) classify a
sample of unknown recurrence status as being one of
recurrent or non-recurrent, or (2) make a
probabilistic prediction (i.e., produce either a
proportion or percentage to be interpreted as a
probability) which represents the likelihood that the
unknown sample is recurrent, based on the measurement
of mRNA expression levels or expression products, of a
specified collection of genes, in the unknown sample.
The exact details of how these gene-specific
measurements are combined to produce classifications
and probabilistic predictions are dependent on the
specific mechanisms of the prediction method used to
construct the model. "Sensitivity", "specificity" (or
"selectivity"), and "classification rate", when
applied to the describing the effectiveness of
prediction models mean the following: "Sensitivity"
means the proportion of truly positive samples that
are also predicted (by the model) to be positive hi a
test for CRC recurrence, that would be the proportion
of recurrent tumours predicted by the model to be
recurrent. "Specificity" or "selectivity" means the
proportion of truly negative samples that are also
predicted (by the model) to be negative. In a test for
CRC recurrence, this equates to the proportion of
non-recurrent samples that are predicted to by
non-recurrent by the model. "Classification Rate" is
the proportion of all samples that are correctly
classified by the prediction model (be that as
positive or negative). As used herein "antibodies" and
like terms refer to immunoglobulin molecules and
immunologically active portions of immunoglobulin (Ig)
molecules, i.e., molecules that contain an antigen
binding site that specifically binds (immunoreacts
with) an antigen. These include, but are not limited
to, polyclonal, monoclonal, chimeric, single chain,
Fc, Fab, Fab', and Fab fragments, and a Fab expression
library. Antibody molecules relate to any of the
classes IgG, IgM, IgA, IgE, and IgD, which differ from
one another by the nature of heavy chain present in
the molecule. These include subclasses as well, such
as IgGl, IgG2, and others. The light chain may be a
kappa chain or a lambda chain. Reference herein to
antibodies includes a reference toall classes,
subclasses, and types. Also included are chimeric
antibodies, for example, monoclonal antibodies or
fragments thereof that are specific to more than one
source, e.g., a mouse or human sequence. Further
included are camerid antibodies, shark antibodies or
nanobodies. The terms "cancer" and "cancerous" refer
to or describe the physiological condition in mammals
that is typically characterized by abnormal or
unregulated cell growth. Cancer and cancer pathology
can be associated, for example, with metastasis,
interference with the normal functioning of
neighbouring cells, release of cytokines or other
secretory products at abnormal levels, suppression or
aggravation of inflammatory or immunological response,
neoplasia, premalignancy, malignancy, invasion of
surrounding or distant tissues or organs, such as
lymph nodes, etc. Specifically included are colorectal
cancers, such as, bowel (e.g., large bowel), anal, and
rectal cancers. The term "colorectal cancer" includes
cancer of the colon, rectum, and/or anus, and
especially, adenocarcinomas, and may also include
carcinomas (e.g., squamous cloacogenic carcinomas),
melanomas, lymphomas, and sarcomas. Epidermoid
(nonkeratinizing squamous cell or basaloid) carcinomas
are also included. The cancer may be associated with
particular types of polyps or other lesions, for
example, tubular adenomas, tubulovillous adenomas
(e.g., villoglandular polyps), villous (e.g.,
papillary) adenomas (with or without adenocarcinoma),
hyperplastic polyps, 



hamartomas, juvenile polyps, polypoid carcinomas,
pseudopolyps, lipomas, or leiomyomas. The cancer may
be associated with familial polyposis and related
conditions such as Gardner's syndrome or Peutz-Jeghers
syndrome. The cancer may be associated, for example,
with chronic fistulas, irradiated anal skin,
leukoplakia, lymphogranuloma venereum, Bowen's disease
(intraepithelial carcinoma), condyloma acuminatum, or
human papillomavirus. In other aspects, the cancer may
be associated with basal cell carcinoma, extramammary
Paget's disease, cloacogenic carcinoma, or malignant
melanoma. The terms "differentially expressed,"
"differential expression," and like phrases, refer to
a gene marker whose expression is activated to a
higher or lower level in a subject (e.g., test sample)
having a condition, specifically cancer, such as
colorectal cancer,relative to its expression in a
control subject (e.g., reference sample). The terms
also include markers whose expression is activated to
a higher or lower level at different stages of the
same condition; in recurrent or non-recurrent disease;
or in cells with higher or lower levels of
proliferation. A differentially expressed marker may
be either activated or inhibited at the polynucleotide
level or polypeptide level, or may be subject to
alternative splicing to result in a different
polypeptide product. Such differences may be evidenced
by a change in mRNA levels, surface expression,
secretion or other partitioning of a polypeptide, for
example. Differential expression may include a
comparison of expression between two or more markers
(e.g., genes or their gene products); or a comparison
of the ratios of the expression between two or more
markers (e.g., genes or their gene products); or a
comparison of two differently processed products
(e.g., transcripts or polypeptides) of the same
marker, which differ between normal subjects and
diseased subjects; or between various stages of the
same disease; or between recurring and non-recurring
disease; or between cells with higher and lower levels
of proliferation; or between normal tissue and
diseased tissue, specifically cancer, or colorectal
cancer. Differential expression includes both
quantitative, as well as qualitative, differences in
the temporal or cellular expression pattern in a gene
or its expression products among, for example, normal
and diseased cells, or among cells which have
undergone different disease events or disease stages,
or cells with different levels of proliferation. The
term "expression" includes production of
polynucleotides and polypeptides, in particular, the
production of RNA (e.g., mRNA) from a gene or portion
of a gene, and includes the production of a
polypeptide encoded by an RNA or gene or portion of a
gene, and the appearance of a detectable material
associated with expression. For example, the formation
of a complex, for example, from a
polypeptide-polypeptide interaction,
polypeptide-nucleotide interaction, or the like, is
included within the scope of the term "expression".
Another example is the binding of a binding ligand,
such as a hybridization probe or antibody, to a gene
or other polynucleotide or oligonucleotide, a
polypeptide or a protein fragment, and the
visualization of the binding ligand. Thus, the
intensity of a spot on a microarray, on a
hybridization blot such as a Northern blot, or on an
immunoblot such as a Western blot, or on a beadarray,
or by PCR analysis, is included within the term
"expression" of the underlying biological molecule.
The terms "expression threshold," and "defined
expression threshold" are used interchangeably and
refer to the level of a marker in question outside
which the polynucleotide or polypeptide serves as a
predictive marker for patient survival without cancer
recurrence. The threshold will be dependent on the
predictive model established are derived
experimentally from clinical studies such as those
described in the Examples below. Depending on the
prediction model used, the expression threshold may be
set to achieve maximum sensitivity, or for maximum
specificity, or for minimum error (maximum
classification rate). For example a higher threshold
may be set to achieve minimum errors, but this may
result in a lower sensitivity. Therefore, for any
given predictive model, clinical studies will be used
to set an expression threshold that generally achieves
the highest sensitivity while having a minimal error
rate. The determination of the expression threshold
for any situation is well within the knowledge of
those skilled in the art. The term "long-term
survival" is used herein to refer to survival for at
least 5 years, more preferably for at least 8 years,
most preferably for at least 10 years following
surgery or other treatment. The term "microarray"
refers to an ordered or unordered arrangement of
capture agents, preferably polynucleotides (e.g.,
probes) or polypeptides on a substrate. See, e.g.,
Microarray Analysis, M. Schena, John Wiley & Sons,
2002; Microarray Biochip Technology, M. Schena, ed.,
Eaton Publishing, 2000; Guide to Analysis of DNA
Microarray Data, S. Knudsen, John Wiley & Sons, 2004;
and Protein Microarray Technology,D. Kambhampati, ed.,
John Wiley & Sons, 2004. The term "oligonucleotide"
refers to a polynucleotide, typically a probe or
primer, including, without limitation, single-stranded
deoxyribonucleotides, single- or doublestranded
ribonucleotides, RNA: DNA hybrids, and double-stranded
DNAs. Oligonucleotides, such as single-stranded DNA
probe oligonucleotides, are often synthesized by
chemical methods, for example using automated
oligonucleotide synthesizers that are commercially
available, or by a variety of other methods,including
in vitro expression systems, recombinant techniques,
and expression in cells and organisms. The term
"polynucleotide," when used in the singular or plural,
generally refers to any polyribonucleotide or
polydeoxribonucleotide, which may be unmodified RNA or
DNA or modified RNA or DNA. This includes, without
limitation, single- and double-stranded DNA, DNA
including single- and double- stranded regions,
singleand double-stranded RNA, and RNA including
single- and double-stranded regions, hybrid molecules
comprising DNA and RNA that may be single-stranded or,
more typically, double-stranded or include single- and
double-stranded regions. Also included are
triple-stranded regions comprising RNA or DNA or both
RNA and DNA. Specifically included are mRNAs, cDNAs,
and genomic DNAs, and any fragments thereof. The term
includes DNAs and RNAs that contain one or more
modified bases, such as tritiated bases, or unusual
bases, such as inosine. The polynucleotides of the
invention can encompass coding or non-coding
sequences, or sense or antisense sequences. It will be
understood that each reference to a "polynucleotide"
or like term, herein, will include the full-length
sequences as well as any fragments, derivatives, or
variants thereof. "Polypeptide," as used herein,
refers to an oligopeptide, peptide, or protein
sequence, or fragment thereof, and to naturally
occurring, recombinant, synthetic, or semi¬ synthetic
molecules. Where "polypeptide" is recited herein to
refer to an amino acid sequence of a naturally
occurring protein molecule, "polypeptide" and like
terms, are not meant to limit the amino acid sequence
to the complete, native amino acid sequence for the
full-length molecule. It will be understood that each
reference to a "polypeptide" or like term, herein,
will include the full-length sequence, as well as any
fragments, derivatives, or variants thereof. The term
"prognosis" refers to a prediction of medical outcome,
for example, a poor or good outcome (e.g., likelihood
of long-term survival); a negative prognosis, or poor 



outcome, includes a prediction of relapse, disease
progression (e.g., tumour growth or metastasis, or
drug resistance), or mortality; a positive prognosis,
or good outcome, includes a prediction of disease
remission, (e.g., disease-free status), amelioration
(e.g., tumour regression), or stabilization.The term
"proliferation" refers to the processes leading to
increased cell size or cell number, and can include
one or more of: tumour or cell growth, angiogenesis,
innervation, and metastasis. The term "qPCR" or "QPCR"
refers to quantative polymerase chain reaction as
described, for example, in PCR Technique: Quantitative
PCR, J.W. Larrick, ed., Eaton Publishing, 1997, and
A-Z of Quantitative PCR, S. Bustin, ed., IUL Press,
2004. The term "tumour" refers to all neoplastic cell
growth and proliferation, whether malignant or benign,
and all pre-cancerous and cancerous cells and tissues.
"Stringency" of hybridization reactions is readily
determinable by one of ordinary skill in the art, and
generally is an empirical calculation dependent upon
probe length, washing temperature, and salt
concentration hi general, longer probes require higher
temperatures for proper annealing, while shorter
probes need lower temperatures. Hybridization
generally depends on the ability of denatured DNA to
reanneal when complementary strands are present in an
environment below their melting temperature. The
higher the degree of desired homology between the
probe and hybridisable sequence, the higher the
relative temperature which can be used. As a result,
it follows that higher relative temperatures would
tend to make the reaction conditions more stringent,
while lower temperatures less so. Additional details
and explanation of stringency of hybridization
reactions, are found e.g., in Ausubel et al., Current
Protocols in Molecular Biology, Wiley Interscience
Publishers, (1995). "Stringent conditions" or "high
stringency conditions", as defined herein, typically:
(1) employ low ionic strength and high temperature for
washing, for example 0.015 M sodium chloride/0.0015 M
sodium citrate/0.1% sodium dodecyl sulfate at 50°C;
(2) employ a denaturing agent during hybridization,
such as formamide, for example, 50% (v/v) formamide
with 0.1% bovine serum albumin/0.1% Ficoll/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer at
pH 6.5 with 750 mM sodium chloride, 75 mM sodium
citrate at 42°C; or (3) employ 50% formamide, 5X SSC
(0.75 M NaCl, 0.075 M sodium citrate), 50 mM sodium
phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5X,
Denhardt's solution, sonicated salmon sperm DNA(50
mg/ml), 0.1% SDS, and 10% dextran sulfate at 42°C,
with washes at 42°C in 0.2X SSC (sodium
chloride/sodium citrate) and 50% fortnamide at 550C,
followed by a high-stringency wash comprising 0.1X SSC
containing EDTA at 550C. "Moderately stringent
conditions" may be identified as described by Sambrook
et al., Molecular Cloning: A Laboratory Manual, New
York: Cold Spring Harbor Press, 1989, and include the
use of washing solution and hybridization conditions
(e. g., temperature, ionic strength, and % SDS) less
stringent that those described above. An example of
moderately stringent conditions is overnight
incubation at 37°C in a solution comprising: 20%
formamide, 5X SSC (150 mM NaCl5 15 mM trisodium
citrate), 50 mM sodium phosphate (pH 7.6), 5X
Denhardt's solution, 10% dextran sulfate, and 20 mg/ml
denatured sheared salmon sperm DNA, followed by
washing the filters in IX SSC at about 37-500C. The
skilled artisan will recognize how to adjust the
temperature, ionic strength, etc. as necessary to
accommodate factors such as probe length and the like.
The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of
molecular biology (including recombinant techniques),
microbiology, cell biology, and biochemistry, which
are within the skill of the art. Such techniques are
explained fully in the literature, such as, Molecular
Cloning: A Laboratory Manual, 2nd edition, Sambrook et
al., 1989; Oligonucleotide Synthesis, MJ Gait, ed.,
1984; Animal Cell Culture, RJ. Freshney, ed., 1987;
Methods in Enzymology, Academic Press, Inc.; Handbook
of Experimental Immunology, 4th edition, D .M. Weir &
CC. Blackwell, eds., Blackwell Science Inc., 1987;
Gene Transfer Vectors for Mammalian Cells, J.M. Miller
& M.P. Calos, eds., 1987; Current Protocols in
Molecular Biology, F.M. Ausubel et al., eds., 1987;
and PCR: The Polymerase Chain Reaction, Mullis et al.,
eds., 1994. Description of Embodiments of the
Invention In colorectal cancer, discordant results
have been reported for prognostic markers. The present
invention discloses the use of microarrays to reach a
firmer conclusion, and to determine the prognostic
role of specific prognostic signatures in colorectal
cancer. The microarray-based studies shown herein
indicate that particular prognostic signatures in
colorectal cancer are associated with a prognosis.
Theinvention can therefore be used to identify
patients at high risk of recurrence of cancer, or
patients with a high likelihood of recovery. The
present invention provides for markers for the
determination of disease prognosis, for example, the
likelihood of recurrence of tumours, including
colorectal tumours. Using the methods of the
invention, it has been found that numerous markers are
associated with the prognosis of colorectal cancer,
and can be used to predict disease outcome. Microarray
analysis of samples taken from patients with various
stages of colorectal tumours has led to the surprising
discovery that specific patterns of marker expression
are associated with prognosis of the cancer. The
present invention therefore provides for a set of
genes, outlined in Table 1 and Table 2, that are
differentially expressed in recurrent and
non-recurrent colorectal cancers. The genes outlined
in Table 1 and Table 2 provide for a set of colorectal
cancer prognostic makers (CCPMs). A decrease in
certain colorectal cancer prognostic markers (CCPMs),
for example, markers associated with immune responses,
is indicative of a particular prognosis. This can
include increased likelihood of cancer recurrence
after standard treatment, especially for colorectal
cancer. Conversely, an increase in other CCPMs is
indicative of a particular prognosis. This can include
disease progression or the increased likelihood of
cancer recurrence, especially for colorectal cancer. A
decrease or increase in expression can be determined,
for example, by comparison of a test sample, e.g.,
patient's tumour sample, to a reference sample, e.g.,
a sample associated with a known prognosis hi
particular, one or more samples from patient(s) with
nonrecurrent cancer could be used as a reference
sample. For example, to obtain a prognosis, expression
levels in a patient's sample (e.g., tumour sample) can
be compared to samples from patients with a known
outcome. If the patient's sample shows increased or
decreased expression of one or more CCPMs that
compares to samples with good outcome (no recurrence),
then a positive prognosis, or recurrence is unlikely,
is implicated. If the patient's sample shows
expression of one or more CCPMs that is comparable to
samples with poor outcome (recurrence), then a
positive prognosis, or recurrence of the tumour is
likely, is implicated.As further examples, the
expression levels of a prognostic signature comprising
two or more CCPMS from a patient's sample (e.g.,
tumour sample) can be compared to samples of
recurrent/non-recurrent cancer. If the patient's
sample shows increased or decreased expression of
CCPMs by comparison to samples of non-recurrent
cancer, and/or comparable expression to samples of
recurrent cancer, then a negative 



prognosis is implicated. If the patient's sample shows
expression of CCPMs that is comparable to samples of
non-recurrent cancer, and/or lower or higher
expression than samples of recurrent cancer, then a
positive prognosis is implicated. As one approach, a
prediction method can be applied to a panel of
markers, for example the panel of CCPMs outlined in
Table 1 and Table 2, in order to generate a predictive
model. This involves the generation of a prognostic
signature, comprising two or more CCPMs. The disclosed
CCPMs in Table 1 and Table 2 therefore provide a
useful set of markers to generate prediction
signatures for determining the prognosis of cancer,
and establishing a treatment regime, or treatment
modality, specific for that tumour. In particular, a
positive prognosis can be used by a patient to decide
to pursue standard or less invasive treatment options.
A negative prognosis can be used by a patient to
decide to terminate treatment or to pursue highly
aggressive or experimental treatments. In addition, a
patient can chose treatments based on their impact on
the expression of prognostic markers (e.g., CCPMs).
Levels of CCPMs can be detected in tumour tissue,
tissue proximal to the tumour, lymph node samples,
blood samples, serum samples, urine samples, or faecal
samples, using any suitable technique, and can
include, but is not limited to, oligonucleotide
probes, quantitative PCR, or antibodies raised against
the markers. It will be appreciated that by analyzing
the presence and amounts of expression of a plurality
of CCPMs in the form of prediction signatures, and
constructing a prognostic signature (e.g., as set
forth in Tables 3, 4, 8A, 8B, and 9), the sensitivity
and accuracy of prognosis will be increased.
Therefore, multiple markers according to the present
invention can be used to determine the prognosis of a
cancer.The invention includes the use of archived
paraffin-embedded biopsy material for assay of the
markers in the set, and therefore is compatible with
the most widely available type of biopsy material. It
is also compatible with several different methods of
tumour tissue harvest, for example, via core biopsy or
fine needle aspiration. In certain aspects, RNA is
isolated from a fixed, wax-embedded cancer tissue
specimen of the patient. Isolation may be performed by
any technique known in the art, for example from core
biopsy tissue or fine needle aspirate cells. In one
aspect, the invention relates to a method of
predicting a prognosis, e.g., the likelihood of
long-term survival of a cancer patient without the
recurrence of cancer, comprising determining the
expression level of one or more prognostic markers or
their expression products in a sample obtained from
the patient, normalized against the expression level
of other RNA transcripts or their products in the
sample, or of a reference set of RNA transcripts or
their expression products. In specific aspects, the
prognostic marker is one or more markers listed in
Tables 1, 2, or 5, , or is included as one or more of
the prognostic signatures derived from the markers
listed in Tables 1, 2, and 5, or the prognostic
signatures listed in Tables 3, 4, 8A, 8B, or 9. In
further aspects, the expression levels of the
prognostic markers or their expression products are
determined, e.g., for the markers listed in Tables 1,
2, or 5, a prognostic signature derived from the
markers listed in Tables 1, 2, and 5, e.g., for the
prognostic signatures listed in Tables 3, 4, 8A, 8B,
or 9. In another aspect, the method comprises the
determination of the expression levels of a full set
of prognosis markers or their expression products,
e.g., for the markers listed in Tables 1, 2, or 5, or,
a prognostic signature derived from the markers listed
in Tables 1, 2, and 5, e.g., for the prognostic
signatures listed in Tables 3, 4, 8A, 8B, or 9. In an
additional aspect, the invention relates to an array
(e.g., microarray) comprising polynucleotides
hybridizing to two or more markers, e.g., for the
markers listed in Tables 1, 2, and 5, , or a
prognostic signature derived from the markers listed
in Tables 1, 2, and 5, e.g., the prognostic signatures
listed in Tables 3, 4, 8A, 8B, and 9. In particular
aspects, the array comprises polynucleotides
hybridizing to prognostic signature derived from the
markers listed in Tables 1, 2, and 5, or e.g., for the
prognostic signatures listed in Tables 3, 4, 8A, 8B,
or 9. In another specific aspect, thearray comprises
polynucleotides hybridizing to the full set of
markers, e.g., for the markers listed in Tables 1, 2,
or 5, or, e.g., for the prognostic signatures listed
hi Tables 3, 4, 8A, 8B, or 9. For these arrays, the
polynucleotides can be cDNAs, or oligonucleotides, and
the solid surface on which they are displayed can be
glass, for example. The polynucleotides can hybridize
to one or more of the markers as disclosed herein, for
example, to the full-length sequences, any coding
sequences, any fragments, or any complements thereof.
In particular aspects, an increase or decrease in
expression levels of one or 10 more CCPM indicates a
decreased likelihood of long-term survival, e.g., due
to cancer recurrence, while a lack of an increase or
decrease in expression levels of one or more CCPM
indicates an increased likelihood of long-term
survival without cancer recurrence. 15 Table 1:
Colorectal Cancer Predictive Markers (corresponding to
Affymetrix GeneChip probes that show statistically
significant differential expression, P<0.05, as
ascertained by BRB Array Tools)PROGNOSIS PREDICTION
FOR COLORECTAL CANCER RELATED APPLICATION This
application claims the benefit of New Zealand
Provisional Patent Application No. 544432 filed
December 23, 2005, which is incorporated by reference
herein in its entirety. FIELD OF THE INVENTION This
invention relates to methods and compositions for
determining the prognosis of cancer, particularly
colorectal cancer, in a patient. Specifically, this
invention relates to the use of genetic markers for
determining the prognosis of cancer, such as
colorectal cancer, based on prognostic signatures.
BACKGROUNDOF THE INVENTION Colorectal cancer (CRC) is
one of the most common cancers in the developed world,
and its incidence is continuing to increase. Although
the progression of colorectal cancer from benign polyp
to adenoma to carcinoma is well studied (1), the
molecular events influencing the transition and
establishment of metastasis are less well understood.
The prognosis and treatment of CRC currently depends
on the clinicopathological stage of disease at the
time of diagnosis, and primary surgical treatment.
Unfortunately disease stage alone does not allow
accurate prediction of outcome for individual
patients. If patient outcomes could be predicted more
accurately treatments could be tailored to avoid
under-treating patients destined to relapse, or
over-treating patients who would be helped by surgery
alone. Many attempts have been made to identify
markers that predict clinical outcome in CRC. Until
recently most studies focused on single proteins or
gene mutations with limited success in terms of
prognostic information (2). Microarray technology
enables the identification of sets of genes, called
classifiers or signatures that correlate with cancer
outcome. This approach has been applied to a variety
of cancers, including CRC (3-5), but methodological
problems and a lack of independent validation has cast
doubt over the findings (6,7). Furthermore, doubts
about the ability of classifiers/signatures to predict
outcome have arisen due to poorconcordance of
identified by different researchers using different
array platforms and 



methodologies (8). There is a need for further tools
to predict the prognosis of colorectal cancer. This
invention provides further methods, compositions,
kits, and devices based on prognostic cancer markers,
specifically colorectal cancer prognostic markers, to
aid in the prognosis and treatment of cancer. SUMMARY
OF THE INVENTION In certain embodiments there is
provided a set of markers genes identified to be
differentially expressed in recurrent and
non-recurrent colorectal tumours. This set of genes
can be used to generate prognostics signatures,
comprising two or more markers, capable of predicting
the progression of colorectal tumour in a patient. The
individual markers can differentially expressed
depending on whether the tumour is recurrent or not.
The accuracy of prediction can be enhanced by
combining the markers together into a prognostic
signature for, providing for much more effective
individual tests than single-gene assays. Also
provided for is the application of techniques, such as
statistics, machine learning, artificial intelligence,
and data mining to the prognostics signatures to
generate prediction models. In another embodiment,
expression levels of the markers of a particular
prognostic signature in the tumour of a patient can
then be applied to the prediction model to determine
the prognosis. In certain embodiments, the expression
level of the markers can be established using
microarray methods, quantitative polymerase chain
reaction (qPCR), or immunoassays. BRIEF DESCRIPTION OF
THE FIGURES This invention is described with reference
to specific embodiments thereof and with reference to
the figures, in which: Figure 1 depicts a flow chart
showing the methodology for producing the prognostic
signatures from 149 New Zealand (NZ) and 55 German
(DE) colorectal cancer (CRC) samples. New Zealand RNA
samples were hybridized tooligonucleotide spotted
arrays, with a 22-gene signature produced via leave
one out cross validation (LOOCV), and then
independently validated by LOOCV using the 55 sample
DE data set. German RNA samples were hybridized to
Affymetrix arrays, with a 19-gene signature produced
via LOOCV, and then independently validated by LOOCV
using the NZ data set. Figure 2 depicts a Kaplan-Meier
analysis of disease-free survival time with patients
predicted as high versus low risk of tumour
recurrence: a, using NZ 22-gene signature on 149
tumours from NZ patients; b, using DE 19-gene
signature on 55 tumours from DE patients; c, NZ
prognostic signature validated on 55 tumours from DE
patients; d, DE prognostic signature validated on 149
tumours from NZ patients. P-values were calculated
using the log-rank test. Figure 3 depicts a
Kaplan-Meier analysis of disease free survival time
with patients predicted as high versus low risk of
tumour recurrence: a, using the 22-gene NZ signature
on NZ patients with Stage II and Stage III disease; b,
using the 19-gene DE signature on NZ patients with
Stage II and Stage III disease. Figure 4 shows the
predictive value of signatures of varying lengths for
prognosis of colorectal cancer. These signatures were
derived from 10 replicate runs of 11-fold cross
validation. Each replicate 11-fold validation run is
indicated by the various dashed lines; the mean across
replicates by the bold line. In each fold of the
cross-validation, genes were removed if the
fold-change across classes was < 1.1 (for the
remaining samples not removed in that particular
fold). The genes were then ranked using a modified
t-statistic, obtaining a different set of genes for
each fold, and classifiers using the top n- genes
(where n=2 to 200) were constructed for each fold. The
genes therefore may differ for each fold of each
replicate 11-fold cross validation. Figure 4 (A):
Sensitivity (proportion of recurrent tumours correctly
classified), with respect to number of
genes/signature. Figure 4 (B): Specificity (proportion
of nonrecurrent tumours correctly classified), with
respect to number of genes/signature. Figure 4 (C):
Classification rate (proportion of tumours correctly
classified), with respect to number of
genes/signature. The nomenclature applied by the
statistician is as follows: I refers to Stage I or
Stage II colorectal cancer (with no progression), and
IV refers to eventual progression to Stage IV
metastases.Figure 5 shows the decreased predictive
value of signatures for the prognosis of colorectal
cancer, in a repeat of the experiment of Figure 4,
except with the two genes, FAS and ME2,removed from
the data set. Figure 5 (A): Sensitivity (proportion of
recurrent tumours correctly classified), with respect
to number of genes/signature. Figure 5 (B):
Specificity (proportion of non-recurrent tumours
correctly classified), with respect to number of
genes/signature. Figure 5 (C): Classification rate
(proportion of tumours correctly classified), with
respect to number of genes/signature. Figure 6 shows a
pairs chart of "top counts" (number of times each gene
appeared in the "top-n" gene lists, i.e., top 10, top
20, top 100, and top 325 as described in Example 17)
using three different normalization methods produced
using the R statistical computing package(10,39) , in
accordance with Example 17, below. The "pairs" chart
is described in by Becker et al, in their treatise on
the S Language (upon which R is based; see reference
39) To compare methods, use row and column as defined
on the diagonal to obtain the scatter plot between
those two methods, analogous to reading distances off
a distance chart on a map Figure 7 shows the pairs
chart (39) of top counts (number of times each gene
appeared in the "top-n" gene lists, i.e., top 10, top
20, top 100, and top 325 as described in Example 17)
using three different filtering statistics: (a)
two-sample Wilcoxon test (41), (b) t-test (modified
using an ad-hoc correction factor in the denominator
to abrogate the effect of low-variance genes falsely
appearing as significant) and (c) empirical Bayes as
provided by the "limma"( 10,40,42) package of
Bioconductor (12,40). DETAILED DESCRIPTION Definitions
Before describing embodiments of the invention in
detail, it will be useful to provide some definitions
of terms used herein. The term "marker" refers to a
molecule that is associated quantitatively or
qualitatively with the presence of a biological
phenomenon. Examples of "markers"include a
polynucleotide, such as a gene or gene fragment, RNA
or RNA fragment; or a gene product, including a
polypeptide such as a peptide, oligopeptide, protein,
or protein fragment; or any related metabolites, by
products, or any other identifying molecules, such as
antibodies or antibody fragments, whether related
directly or indirectly to a mechanism underlying the
phenomenon. The markers of the invention include the
nucleotide sequences (e.g., GenBank sequences) as
disclosed herein, in particular, the full-length
sequences, any coding sequences, any fragments, or any
complements thereof, and any measurable marker thereof
as defined above. The terms "CCPM" or "colorectal
cancer prognostic marker" or "CCPM family member"
refer to a marker with altered expression that is
associated with a particular prognosis, e.g., a higher
or lower likelihood of recurrence of cancer, as
described herein, but can exclude molecules that are
known in the prior art to be associated with 



prognosis of colorectal cancer. It is to be understood
that the term CCPM does not require that the marker be
specific only for colorectal tumours. Rather,
expression of CCPM can be altered in other types of
tumours, including malignant tumours. The terms
"prognostic signature," "signature," and the like
refer to a set of two or more markers, for example
CCPMs, that when analysed together as a set allow for
the determination of or prediction of an event, for
example the prognostic outcome of colorectal cancer.
The use of a signature comprising two or more markers
reduces the effect of individual variation and allows
for a more robust prediction. Non-limiting examples of
CCPMs are set forth in Tables 1, 2, 5, and 9, while
non-limiting examples of prognostic signatures are set
forth in Tables 3, 4, 8A, 8B, and 9, herein. In the
context of the present invention, reference to "at
least one," "at least two," "at least five," etc., of
the markers listed in any particular set (e.g., any
signature) means any one or any and all combinations
of the markers listed. The term "prediction method" is
defined to cover the broader genus of methods from the
fields of statistics, machine learning, artificial
intelligence, and data mining, which can be used to
specify a prediction model. These are discussed
further in the Detailed Description section.The term
"prediction model" refers to the specific mathematical
model obtained by applying a prediction method to a
collection of data. In the examples detailed herein,
such data sets consist of measurements of gene
activity in tissue samples taken from recurrent and
non-recurrent colorectal cancer patients, for which
the class (recurrent or non-recurrent) of each sample
is known. Such models can be used to (1) classify a
sample of unknown recurrence status as being one of
recurrent or non-recurrent, or (2) make a
probabilistic prediction (i.e., produce either a
proportion or percentage to be interpreted as a
probability) which represents the likelihood that the
unknown sample is recurrent, based on the measurement
of mRNA expression levels or expression products, of a
specified collection of genes, in the unknown sample.
The exact details of how these gene-specific
measurements are combined to produce classifications
and probabilistic predictions are dependent on the
specific mechanisms of the prediction method used to
construct the model. "Sensitivity", "specificity" (or
"selectivity"), and "classification rate", when
applied to the describing the effectiveness of
prediction models mean the following: "Sensitivity"
means the proportion of truly positive samples that
are also predicted (by the model) to be positive hi a
test for CRC recurrence, that would be the proportion
of recurrent tumours predicted by the model to be
recurrent. "Specificity" or "selectivity" means the
proportion of truly negative samples that are also
predicted (by the model) to be negative. In a test for
CRC recurrence, this equates to the proportion of
non-recurrent samples that are predicted to by
non-recurrent by the model. "Classification Rate" is
the proportion of all samples that are correctly
classified by the prediction model (be that as
positive or negative). As used herein "antibodies" and
like terms refer to immunoglobulin molecules and
immunologically active portions of immunoglobulin (Ig)
molecules, i.e., molecules that contain an antigen
binding site that specifically binds (immunoreacts
with) an antigen. These include, but are not limited
to, polyclonal, monoclonal, chimeric, single chain,
Fc, Fab, Fab', and Fab fragments, and a Fab expression
library. Antibody molecules relate to any of the
classes IgG, IgM, IgA, IgE, and IgD, which differ from
one another by the nature of heavy chain present in
the molecule. These include subclasses as well, such
as IgGl, IgG2, and others. The light chain may be a
kappa chain or a lambda chain. Reference herein to
antibodies includes a reference toall classes,
subclasses, and types. Also included are chimeric
antibodies, for example, monoclonal antibodies or
fragments thereof that are specific to more than one
source, e.g., a mouse or human sequence. Further
included are camerid antibodies, shark antibodies or
nanobodies. The terms "cancer" and "cancerous" refer
to or describe the physiological condition in mammals
that is typically characterized by abnormal or
unregulated cell growth. Cancer and cancer pathology
can be associated, for example, with metastasis,
interference with the normal functioning of
neighbouring cells, release of cytokines or other
secretory products at abnormal levels, suppression or
aggravation of inflammatory or immunological response,
neoplasia, premalignancy, malignancy, invasion of
surrounding or distant tissues or organs, such as
lymph nodes, etc. Specifically included are colorectal
cancers, such as, bowel (e.g., large bowel), anal, and
rectal cancers. The term "colorectal cancer" includes
cancer of the colon, rectum, and/or anus, and
especially, adenocarcinomas, and may also include
carcinomas (e.g., squamous cloacogenic carcinomas),
melanomas, lymphomas, and sarcomas. Epidermoid
(nonkeratinizing squamous cell or basaloid) carcinomas
are also included. The cancer may be associated with
particular types of polyps or other lesions, for
example, tubular adenomas, tubulovillous adenomas
(e.g., villoglandular polyps), villous (e.g.,
papillary) adenomas (with or without adenocarcinoma),
hyperplastic polyps, hamartomas, juvenile polyps,
polypoid carcinomas, pseudopolyps, lipomas, or
leiomyomas. The cancer may be associated with familial
polyposis and related conditions such as Gardner's
syndrome or Peutz-Jeghers syndrome. The cancer may be
associated, for example, with chronic fistulas,
irradiated anal skin, leukoplakia, lymphogranuloma
venereum, Bowen's disease (intraepithelial carcinoma),
condyloma acuminatum, or human papillomavirus. In
other aspects, the cancer may be associated with basal
cell carcinoma, extramammary Paget's disease,
cloacogenic carcinoma, or malignant melanoma. The
terms "differentially expressed," "differential
expression," and like phrases, refer to a gene marker
whose expression is activated to a higher or lower
level in a subject (e.g., test sample) having a
condition, specifically cancer, such as colorectal
cancer,relative to its expression in a control subject
(e.g., reference sample). The terms also include
markers whose expression is activated to a higher or
lower level at different stages of the same condition;
in recurrent or non-recurrent disease; or in cells
with higher or lower levels of proliferation. A
differentially expressed marker may be either
activated or inhibited at the polynucleotide level or
polypeptide level, or may be subject to alternative
splicing to result in a different polypeptide product.
Such differences may be evidenced by a change in mRNA
levels, surface expression, secretion or other
partitioning of a polypeptide, for example.
Differential expression may include a comparison of
expression between two or more markers (e.g., genes or
their gene products); or a comparison of the ratios of
the expression between two or more markers (e.g.,
genes or their gene products); or a comparison of two
differently processed products (e.g., transcripts or
polypeptides) of the same marker, which differ between
normal subjects and diseased subjects; or between
various stages of the same disease; or between
recurring and non-recurring disease; or between cells
with higher and lower levels of proliferation; or
between normal tissue and diseased tissue,
specifically cancer, or colorectal cancer.
Differential expression includes both quantitative, as
well as qualitative, differences in the temporal or
cellular expression pattern in a gene or its
expression products among, for example, normal and
diseased cells, or among cells which have undergone
different 



disease events or disease stages, or cells with
different levels of proliferation. The term
"expression" includes production of polynucleotides
and polypeptides, in particular, the production of RNA
(e.g., mRNA) from a gene or portion of a gene, and
includes the production of a polypeptide encoded by an
RNA or gene or portion of a gene, and the appearance
of a detectable material associated with expression.
For example, the formation of a complex, for example,
from a polypeptide-polypeptide interaction,
polypeptide-nucleotide interaction, or the like, is
included within the scope of the term "expression".
Another example is the binding of a binding ligand,
such as a hybridization probe or antibody, to a gene
or other polynucleotide or oligonucleotide, a
polypeptide or a protein fragment, and the
visualization of the binding ligand. Thus, the
intensity of a spot on a microarray, on a
hybridization blot such as a Northern blot, or on an
immunoblot such as a Western blot, or on a beadarray,
or by PCR analysis, is included within the term
"expression" of the underlying biological molecule.
The terms "expression threshold," and "defined
expression threshold" are used interchangeably and
refer to the level of a marker in question outside
which the polynucleotide or polypeptide serves as a
predictive marker for patient survival without cancer
recurrence. The threshold will be dependent on the
predictive model established are derived
experimentally from clinical studies such as those
described in the Examples below. Depending on the
prediction model used, the expression threshold may be
set to achieve maximum sensitivity, or for maximum
specificity, or for minimum error (maximum
classification rate). For example a higher threshold
may be set to achieve minimum errors, but this may
result in a lower sensitivity. Therefore, for any
given predictive model, clinical studies will be used
to set an expression threshold that generally achieves
the highest sensitivity while having a minimal error
rate. The determination of the expression threshold
for any situation is well within the knowledge of
those skilled in the art. The term "long-term
survival" is used herein to refer to survival for at
least 5 years, more preferably for at least 8 years,
most preferably for at least 10 years following
surgery or other treatment. The term "microarray"
refers to an ordered or unordered arrangement of
capture agents, preferably polynucleotides (e.g.,
probes) or polypeptides on a substrate. See, e.g.,
Microarray Analysis, M. Schena, John Wiley & Sons,
2002; Microarray Biochip Technology, M. Schena, ed.,
Eaton Publishing, 2000; Guide to Analysis of DNA
Microarray Data, S. Knudsen, John Wiley & Sons, 2004;
and Protein Microarray Technology,D. Kambhampati, ed.,
John Wiley & Sons, 2004. The term "oligonucleotide"
refers to a polynucleotide, typically a probe or
primer, including, without limitation, single-stranded
deoxyribonucleotides, single- or doublestranded
ribonucleotides, RNA: DNA hybrids, and double-stranded
DNAs. Oligonucleotides, such as single-stranded DNA
probe oligonucleotides, are often synthesized by
chemical methods, for example using automated
oligonucleotide synthesizers that are commercially
available, or by a variety of other methods,including
in vitro expression systems, recombinant techniques,
and expression in cells and organisms. The term
"polynucleotide," when used in the singular or plural,
generally refers to any polyribonucleotide or
polydeoxribonucleotide, which may be unmodified RNA or
DNA or modified RNA or DNA. This includes, without
limitation, single- and double-stranded DNA, DNA
including single- and double- stranded regions,
singleand double-stranded RNA, and RNA including
single- and double-stranded regions, hybrid molecules
comprising DNA and RNA that may be single-stranded or,
more typically, double-stranded or include single- and
double-stranded regions. Also included are
triple-stranded regions comprising RNA or DNA or both
RNA and DNA. Specifically included are mRNAs, cDNAs,
and genomic DNAs, and any fragments thereof. The term
includes DNAs and RNAs that contain one or more
modified bases, such as tritiated bases, or unusual
bases, such as inosine. The polynucleotides of the
invention can encompass coding or non-coding
sequences, or sense or antisense sequences. It will be
understood that each reference to a "polynucleotide"
or like term, herein, will include the full-length
sequences as well as any fragments, derivatives, or
variants thereof. "Polypeptide," as used herein,
refers to an oligopeptide, peptide, or protein
sequence, or fragment thereof, and to naturally
occurring, recombinant, synthetic, or semi¬ synthetic
molecules. Where "polypeptide" is recited herein to
refer to an amino acid sequence of a naturally
occurring protein molecule, "polypeptide" and like
terms, are not meant to limit the amino acid sequence
to the complete, native amino acid sequence for the
full-length molecule. It will be understood that each
reference to a "polypeptide" or like term, herein,
will include the full-length sequence, as well as any
fragments, derivatives, or variants thereof. The term
"prognosis" refers to a prediction of medical outcome,
for example, a poor or good outcome (e.g., likelihood
of long-term survival); a negative prognosis, or poor
outcome, includes a prediction of relapse, disease
progression (e.g., tumour growth or metastasis, or
drug resistance), or mortality; a positive prognosis,
or good outcome, includes a prediction of disease
remission, (e.g., disease-free status), amelioration
(e.g., tumour regression), or stabilization.The term
"proliferation" refers to the processes leading to
increased cell size or cell number, and can include
one or more of: tumour or cell growth, angiogenesis,
innervation, and metastasis. The term "qPCR" or "QPCR"
refers to quantative polymerase chain reaction as
described, for example, in PCR Technique: Quantitative
PCR, J.W. Larrick, ed., Eaton Publishing, 1997, and
A-Z of Quantitative PCR, S. Bustin, ed., IUL Press,
2004. The term "tumour" refers to all neoplastic cell
growth and proliferation, whether malignant or benign,
and all pre-cancerous and cancerous cells and tissues.
"Stringency" of hybridization reactions is readily
determinable by one of ordinary skill in the art, and
generally is an empirical calculation dependent upon
probe length, washing temperature, and salt
concentration hi general, longer probes require higher
temperatures for proper annealing, while shorter
probes need lower temperatures. Hybridization
generally depends on the ability of denatured DNA to
reanneal when complementary strands are present in an
environment below their melting temperature. The
higher the degree of desired homology between the
probe and hybridisable sequence, the higher the
relative temperature which can be used. As a result,
it follows that higher relative temperatures would
tend to make the reaction conditions more stringent,
while lower temperatures less so. Additional details
and explanation of stringency of hybridization
reactions, are found e.g., in Ausubel et al., Current
Protocols in Molecular Biology, Wiley Interscience
Publishers, (1995). "Stringent conditions" or "high
stringency conditions", as defined herein, typically:
(1) employ low ionic strength and high temperature for
washing, for example 0.015 M sodium chloride/0.0015 M
sodium citrate/0.1% sodium dodecyl sulfate at 50°C;
(2) employ a denaturing agent during hybridization,
such as formamide, for example, 50% (v/v) formamide
with 0.1% bovine serum albumin/0.1% Ficoll/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer at
pH 6.5 with 750 



mM sodium chloride, 75 mM sodium citrate at 42°C; or
(3) employ 50% formamide, 5X SSC (0.75 M NaCl, 0.075 M
sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1%
sodium pyrophosphate, 5X, Denhardt's solution,
sonicated salmon sperm DNA(50 mg/ml), 0.1% SDS, and
10% dextran sulfate at 42°C, with washes at 42°C in
0.2X SSC (sodium chloride/sodium citrate) and 50%
fortnamide at 550C, followed by a high-stringency wash
comprising 0.1X SSC containing EDTA at 550C.
"Moderately stringent conditions" may be identified as
described by Sambrook et al., Molecular Cloning: A
Laboratory Manual, New York: Cold Spring Harbor Press,
1989, and include the use of washing solution and
hybridization conditions (e. g., temperature, ionic
strength, and % SDS) less stringent that those
described above. An example of moderately stringent
conditions is overnight incubation at 37°C in a
solution comprising: 20% formamide, 5X SSC (150 mM
NaCl5 15 mM trisodium citrate), 50 mM sodium phosphate
(pH 7.6), 5X Denhardt's solution, 10% dextran sulfate,
and 20 mg/ml denatured sheared salmon sperm DNA,
followed by washing the filters in IX SSC at about
37-500C. The skilled artisan will recognize how to
adjust the temperature, ionic strength, etc. as
necessary to accommodate factors such as probe length
and the like. The practice of the present invention
will employ, unless otherwise indicated, conventional
techniques of molecular biology (including recombinant
techniques), microbiology, cell biology, and
biochemistry, which are within the skill of the art.
Such techniques are explained fully in the literature,
such as, Molecular Cloning: A Laboratory Manual, 2nd
edition, Sambrook et al., 1989; Oligonucleotide
Synthesis, MJ Gait, ed., 1984; Animal Cell Culture,
RJ. Freshney, ed., 1987; Methods in Enzymology,
Academic Press, Inc.; Handbook of Experimental
Immunology, 4th edition, D .M. Weir & CC. Blackwell,
eds., Blackwell Science Inc., 1987; Gene Transfer
Vectors for Mammalian Cells, J.M. Miller & M.P. Calos,
eds., 1987; Current Protocols in Molecular Biology,
F.M. Ausubel et al., eds., 1987; and PCR: The
Polymerase Chain Reaction, Mullis et al., eds., 1994.
Description of Embodiments of the Invention In
colorectal cancer, discordant results have been
reported for prognostic markers. The present invention
discloses the use of microarrays to reach a firmer
conclusion, and to determine the prognostic role of
specific prognostic signatures in colorectal cancer.
The microarray-based studies shown herein indicate
that particular prognostic signatures in colorectal
cancer are associated with a prognosis. Theinvention
can therefore be used to identify patients at high
risk of recurrence of cancer, or patients with a high
likelihood of recovery. The present invention provides
for markers for the determination of disease
prognosis, for example, the likelihood of recurrence
of tumours, including colorectal tumours. Using the
methods of the invention, it has been found that
numerous markers are associated with the prognosis of
colorectal cancer, and can be used to predict disease
outcome. Microarray analysis of samples taken from
patients with various stages of colorectal tumours has
led to the surprising discovery that specific patterns
of marker expression are associated with prognosis of
the cancer. The present invention therefore provides
for a set of genes, outlined in Table 1 and Table 2,
that are differentially expressed in recurrent and
non-recurrent colorectal cancers. The genes outlined
in Table 1 and Table 2 provide for a set of colorectal
cancer prognostic makers (CCPMs). A decrease in
certain colorectal cancer prognostic markers (CCPMs),
for example, markers associated with immune responses,
is indicative of a particular prognosis. This can
include increased likelihood of cancer recurrence
after standard treatment, especially for colorectal
cancer. Conversely, an increase in other CCPMs is
indicative of a particular prognosis. This can include
disease progression or the increased likelihood of
cancer recurrence, especially for colorectal cancer. A
decrease or increase in expression can be determined,
for example, by comparison of a test sample, e.g.,
patient's tumour sample, to a reference sample, e.g.,
a sample associated with a known prognosis hi
particular, one or more samples from patient(s) with
nonrecurrent cancer could be used as a reference
sample. For example, to obtain a prognosis, expression
levels in a patient's sample (e.g., tumour sample) can
be compared to samples from patients with a known
outcome. If the patient's sample shows increased or
decreased expression of one or more CCPMs that
compares to samples with good outcome (no recurrence),
then a positive prognosis, or recurrence is unlikely,
is implicated. If the patient's sample shows
expression of one or more CCPMs that is comparable to
samples with poor outcome (recurrence), then a
positive prognosis, or recurrence of the tumour is
likely, is implicated.As further examples, the
expression levels of a prognostic signature comprising
two or more CCPMS from a patient's sample (e.g.,
tumour sample) can be compared to samples of
recurrent/non-recurrent cancer. If the patient's
sample shows increased or decreased expression of
CCPMs by comparison to samples of non-recurrent
cancer, and/or comparable expression to samples of
recurrent cancer, then a negative prognosis is
implicated. If the patient's sample shows expression
of CCPMs that is comparable to samples of
non-recurrent cancer, and/or lower or higher
expression than samples of recurrent cancer, then a
positive prognosis is implicated. As one approach, a
prediction method can be applied to a panel of
markers, for example the panel of CCPMs outlined in
Table 1 and Table 2, in order to generate a predictive
model. This involves the generation of a prognostic
signature, comprising two or more CCPMs. The disclosed
CCPMs in Table 1 and Table 2 therefore provide a
useful set of markers to generate prediction
signatures for determining the prognosis of cancer,
and establishing a treatment regime, or treatment
modality, specific for that tumour. In particular, a
positive prognosis can be used by a patient to decide
to pursue standard or less invasive treatment options.
A negative prognosis can be used by a patient to
decide to terminate treatment or to pursue highly
aggressive or experimental treatments. In addition, a
patient can chose treatments based on their impact on
the expression of prognostic markers (e.g., CCPMs).
Levels of CCPMs can be detected in tumour tissue,
tissue proximal to the tumour, lymph node samples,
blood samples, serum samples, urine samples, or faecal
samples, using any suitable technique, and can
include, but is not limited to, oligonucleotide
probes, quantitative PCR, or antibodies raised against
the markers. It will be appreciated that by analyzing
the presence and amounts of expression of a plurality
of CCPMs in the form of prediction signatures, and
constructing a prognostic signature (e.g., as set
forth in Tables 3, 4, 8A, 8B, and 9), the sensitivity
and accuracy of prognosis will be increased.
Therefore, multiple markers according to the present
invention can be used to determine the prognosis of a
cancer.The invention includes the use of archived
paraffin-embedded biopsy material for assay of the
markers in the set, and therefore is compatible with
the most widely available type of biopsy material. It
is also compatible with several different methods of
tumour tissue harvest, for example, via core biopsy or
fine needle aspiration. In certain aspects, RNA is
isolated from a fixed, wax-embedded cancer tissue
specimen of the patient. Isolation may be performed by
any technique known in the art, for 



example from core biopsy tissue or fine needle
aspirate cells. In one aspect, the invention relates
to a method of predicting a prognosis, e.g., the
likelihood of long-term survival of a cancer patient
without the recurrence of cancer, comprising
determining the expression level of one or more
prognostic markers or their expression products in a
sample obtained from the patient, normalized against
the expression level of other RNA transcripts or their
products in the sample, or of a reference set of RNA
transcripts or their expression products. In specific
aspects, the prognostic marker is one or more markers
listed in Tables 1, 2, or 5, , or is included as one
or more of the prognostic signatures derived from the
markers listed in Tables 1, 2, and 5, or the
prognostic signatures listed in Tables 3, 4, 8A, 8B,
or 9. In further aspects, the expression levels of the
prognostic markers or their expression products are
determined, e.g., for the markers listed in Tables 1,
2, or 5, a prognostic signature derived from the
markers listed in Tables 1, 2, and 5, e.g., for the
prognostic signatures listed in Tables 3, 4, 8A, 8B,
or 9. In another aspect, the method comprises the
determination of the expression levels of a full set
of prognosis markers or their expression products,
e.g., for the markers listed in Tables 1, 2, or 5, or,
a prognostic signature derived from the markers listed
in Tables 1, 2, and 5, e.g., for the prognostic
signatures listed in Tables 3, 4, 8A, 8B, or 9. In an
additional aspect, the invention relates to an array
(e.g., microarray) comprising polynucleotides
hybridizing to two or more markers, e.g., for the
markers listed in Tables 1, 2, and 5, , or a
prognostic signature derived from the markers listed
in Tables 1, 2, and 5, e.g., the prognostic signatures
listed in Tables 3, 4, 8A, 8B, and 9. In particular
aspects, the array comprises polynucleotides
hybridizing to prognostic signature derived from the
markers listed in Tables 1, 2, and 5, or e.g., for the
prognostic signatures listed in Tables 3, 4, 8A, 8B,
or 9. In another specific aspect, thearray comprises
polynucleotides hybridizing to the full set of
markers, e.g., for the markers listed in Tables 1, 2,
or 5, or, e.g., for the prognostic signatures listed
hi Tables 3, 4, 8A, 8B, or 9. For these arrays, the
polynucleotides can be cDNAs, or oligonucleotides, and
the solid surface on which they are displayed can be
glass, for example. The polynucleotides can hybridize
to one or more of the markers as disclosed herein, for
example, to the full-length sequences, any coding
sequences, any fragments, or any complements thereof.
In particular aspects, an increase or decrease in
expression levels of one or 10 more CCPM indicates a
decreased likelihood of long-term survival, e.g., due
to cancer recurrence, while a lack of an increase or
decrease in expression levels of one or more CCPM
indicates an increased likelihood of long-term
survival without cancer recurrence. 15 Table 1:
Colorectal Cancer Predictive Markers (corresponding to
Affymetrix GeneChip probes that show statistically
significant differential expression, P<0.05, as
ascertained by BRB Array Tools)A heat exchanger mixing
system Present invention relates to a heat exchanger
mixing system, use of a heat exchanger mixing system,
and a process for mixing fluids. Background of
invention Mixers are often used for different
applications wherein it is important that the contact
between reactants, fluids, etc. is as great as
possible. The contact is improved by turbulence and
turbulence is effectuated by the use of different
types of mixing elements. Due to the need of heat
transfer in many of these operations the mixers are
usually combined with heat exchangers. A great number
of combinations of mixers and heat exchangers are
known from literature for example WO 97/21061
discloses a plurality of cooperating assemblies each
comprising a central tube, provided with one or more
static mixing elements, an annular space surrounding
the tube and a shell tube. The annular spaces form
continues compartments, which enables transfer of heat
to and from the process. A mixing element attached to
an opening of a heat exchanger is disclosed by WO
2002/46679. A device for processing fluids by
controlling the residence time and/or the reaction
time by the use of a single block or a set of several
blocks or sublocks placed one next to the other are
disclosed by US patent application published under
number US 2004/0109798. One problem with the combined
mixer heat exchangers of the prior art is the length
of transportation between mixer and reaction chamber.
This results in inferior heat transfer, temperature
control, and spacious equipments. Thus, one object of
the present invention is to design equipment with a
more effective heat balance, and another object is to
design a more compact mixer heat exchange system.The
invention Accordingly, the present invention provides
a compact system, which enables a more sufficient heat
balance. Thus, the present invention relates to a heat
exchanger mixing system comprising at least one heat
exchanger zone, at least one connection plate having
one or more mixing units, at least four fluid transfer
corners per connection plate, wherein each fluid
transfer corner, herein after called corner or
corners, being either a blind passage corner, a
through passage corner, a single passage corner, or a
double passage corner. The one or more mixing units
are provided with mixing elements. The blind corner
acts as a stopper and no fluid passes through it. A
through passage corner may pass fluids through a
connection plate without mixing the fluids with any
other fluids, or a through passage corner may be a
passage into a connection plate from the outside of
the plate. A single corner is directing a flow of
fluids in any pre-designed angle compared to the inlet
angle, and the corner may be used for directing a flow
of fluids into a connection plate or out of a
connection plate, or may direct the flow to by-pass a
connection plate. A double corner is transferring two
flow of fluids in different directions without mixing
the two flows. Double corners may be used for adding
flows of fluids to the system. Examples of corners,
which may be used according to the invention, are
disclosed in US 4373579 and WO 99/51926. The invention
comprises any type suitable corners. The corners are
connected to for example a connection plate, a mixing
unit, a reactor zone, a heat exchanger zone, or
combinations thereof. Fluids may be transferred by the
corners into a connection plate or out a connection
plate, or if the corner is a double corner it may
transfer both process fluids and heat exchanger fluids
for instance into or out of a connection plate, but a
double corner may also transfer two process fluids to
two mixing units, to two reactor zones, to two heat
exchanger zones, or combinations thereof. The heat
exchanger zone or zones may be heat exchanger plates
arranged on one or both sides of the at least one
connection plate, or be placed between two or more
connection plates. According to another alternative
may the heat exchanger zone be a space inside a
connection plate outside an internal mixingunit or may
the heat exchanger zone surround an externally
connected mixing zone. Thus, the at least one heat
exchanger zone may be placed inside, outside, or both
of the at least one connection plate. Yet another
alternative 



may the at least one heat exchanger zone be placed as
a combination of heat exchanger plates arranged on one
or both sides of the at least one connection plate and
of heat exchanger zones placed inside, outside, or
both of the at least one connection plate. According
to one alternative may two, three or more connection
plates be directly connected to each other between for
instance two or more packages of heat exchanger
plates, but as an alternative may it be not necessary
that the heat exchange mixing system has heat
exchanger plates, instead may the system have heat
exchanging zones either externally, internally or
both. The connection plate may have a shape, which may
be essentially square or rectangular, but any shape is
possible as long as the performance of the heat
exchanger mixing system produces the aimed results.
The connection plate may have a section, which may
harbour mixing units, heat exchanger fluids, process
fluids or combinations thereof. The at least one
connection plate may have one or more mixing units
connected externally, arranged internally or both of
the at least one connection plate. Inlets and outlets
of the connection plate may be connected to heat
exchanger fluids or process fluids through the corners
and the at least one connection plate may have at
least one inlet and at least one outlet for fluids.
The one or more mixing units may be connected
externally of the connection plate. One process fluid
may be transferred in a mixing unit inside the
connection plate and another process fluid may be
transferred in an externally placed mixing unit. The
mixed process fluids may be combined and mixed
together in yet another mixing unit all depending what
type of reaction or physical step the fluids are
passing. The connection plate may harbour one or more
mixing units internally, one may be inside a tube or
other type of closed channel and another may be a
mixing unit surrounding the tube or the other type of
closed channel. Another alternative may the
connectionplate harbour one or more mixing units
arranged internally and at least one inlet and at
least one outlet for heat exchanger fluids. The
connection plate may be hermetically sealed. The
corners may be integrated in the at least one of the
connection plates. The mixing units may be provided
with mixing elements. The mixing elements may have
wings, fins, or other mixing promoting arrangements,
the mixing elements could be nets, metallic foams,
mesh, fins etc. The mixing elements may be selected
from the group consisting of static mixers, helical
mixers, combination of right- and left-turned mixer
blades, vortex mixers, dynamic mixing elements, lanced
offset turbulators, flow controlling inserts, metallic
foams, mesh, etc. The mixing unit may be mixing
elements such as flow controlling inserts disclosed by
WO 2004/045761 . The mixing unit and the mixing
elements may be manufactured of any suitable alloy,
stainless steel, Hastelloy(r), Inconel(r),
flouropolymer, polyester, plastics, polyvinyl chloride
(PVC), nylon, glassfibers, ceramics, (polypropylene,
polystyrene, polycarbonate, polyethylene, poly(methyl)
(met)acrylate, poly ether etherketone (PEEK), or
combinations thereof. The heat exchanger system
according to the invention may have according to one
alternative embodiment one or more injection ports
connected to for instance one or more corners or along
the sides of one or more connection plates. The
injection ports may be used for additives, reactants,
etc. or for test sampling, monitoring of the flow of
fluids etc. According to one alternative may an
injection port be connected to a blind passage corner,
a through passage corner, a single passage corner, or
a double passage corner. The heat exchanger system may
be brazed, welded or both, or parts of the system may
be brazed, welded or both, and the system may be
clamed in a framework having at least two end plates,
but it is not necessary that the system is clamped in
a framework.The present invention also relates to a
heat exchanger mixing system, which may be used as a
reactor, which system comprises one or more heat
exchanger mixing systems and at least one reactor
zone. The heat exchanger mixing reactor may comprise
up to 10 heat exchanger mixing systems. The heat
exchanger mixing system may be used for chemical
synthesis or reactions, unit operations such as
dilutions of acids etc., food applications,
agrochemicals, biochemicals etc. The heat exchanger
mixing system may be used as a reactor. The present
invention also relates to a continuous process for
mixing fluids, which comprises transferring of at
least one first process fluid and at least one second
process fluid. The fluids may be solvents, dilution
fluids, etc. or may be reacting fluids or fluids
having added reactants, catalysts or the like. The
fluids may be led through at least one first corner
into at least one internally connected mixing unit of
a connection plate of a heat exchange mixing system or
may the fluids be transferred through at least one
first corner into at least one externally connected
mixing unit. The first and the second process fluids
may be mixed together, heat may be transferred to or
from the mixing unit. The mixed process fluid may be
transferred out of the mixing unit through at least
one second corner for further processing in a heat
exchanger zone or in a reactor zone of another heat
exchange mixing system. The process may comprise
transferring internal heat exchanger fluids through at
least two corners to external heat exchanger plates,
or the process may comprise transferring internal heat
exchanger fluids into the connection plate through at
least one first corner and transferring the internal
heat exchanger fluids out of the connection plate
through at least one second corner for further heat
exchanging. Another alternative may the process
comprise transferring external heat exchanger fluids
into the connection plate through at least one first
corner and transferring the external heat exchanger
fluids out of the connection plate through at least
one second corner. According to a further alternative
may the process comprise transferring external heat
exchanger fluids into at least one external temper
unitof the external mixing unit and transferring the
external heat exchanger fluids out of at least one
external temper unit of the external mixing unit.
Further alternative embodiments of the present
invention are defined in the claims. The invention
will further be described in more details by the aid
of Figures 1 to 15. The Figures are only for the
purpose of illustrating the invention and not to limit
its scope. Brief description of the drawings Figure 1
is schematically showing one alternative example of a
heat exchanger mixing system of the invention. Figure
2 is showing a simplified schematic representation of
a connection plate of the invention. Figure 3 is
showing a connection plate having four corners for
process fluids, heat exchanger fluids etc. Figure 4 is
showing a blind passage corner. 



Figure 5 is showing a through passage corner. Figure 6
is showing a single passage corner. Figure 7 is
showing a double passage corner. Figure 8 is showing
another alternative example of a heat exchanger mixing
system of the invention arranged with corners. Figure
9 is showing another alternative example of a heat
exchanger mixing system of the invention having the
connection plates spaced apart. Figure 10 is
schematically showing a connection plate having single
corners and through passage corners. Figure 11 is
schematically showing a connection plate having an
internal static mixing unit. Figure 12 is
schematically showing a connection plate having an
internal tempering device connected to a internal
mixing unit. Figure 13 is schematically showing an
internal mixing unit having an external temper
device.Figure 14 is schematically showing an external
mixing unit connected to a connection plate and an
internal tempering device. Figure 15 is schematically
showing an external mixing unit having external
tempering device connected to a connection plate.
Detailed description of the invention and alternative
embodiments. In Figure 1 the invention is
schematically represented for the purpose of defining
and visualising the parts of the heat exchanger mixing
system according to one alternative embodiment of the
present invention. The system comprises heat exchanger
plates 1 and connection plates 2a, 2b and 2c.
Connection plate 2a is representing a connection plate
having for instance an internal mixing unit and
internal tempering device not shown. Connection plate
2b has external connections 3 for flow of additives,
reactants etc., for an external mixing unit, for an
external tempering device, or for additional heat
exchanger fluids for internal tempering of for
instance a mixing unit. Connection plate 2c has
corners 4 for additional process fluids, reactants or
for heat exchanger fluids. Each connection plate 5 has
at least four corners 6, see Figure 2, which are
connected to one or more mixing units 7 or are
connected to a tempering device having a flow of heat
exchange fluids not seen in Figure 2. The mixing units
7 may either be incorporate internally in connection
plate 5 or be externally connected to the connection
plate, according to one alternative embodiment of the
invention may the mixing units be connected both
externally and internally on the same connection
plate. The mixing units are constructed with mixing
elements 8, which either are part of the mixing unit
or a separate part to be added into the mixing unit or
connection plate. Figure 3 is showing an alternative
connection plate 5 having four different corners 9,
10, 11 and 12 arranged to connection plate 5. Corner 9
in Figure 4 is a blind corner, which may act as a
stopper when connected to a connection plate. Corner
10 in Figure 5 is a through passage corner having a
hole 13 for passage of fluids, which corner may pass
fluids through a connection platewithout mixing the
fluids with any fluids in the connection plate. Corner
10 may also connect fluids within a connection plate
with any kind of external fluid device, or may connect
a connection plate to an additional fluid to be added
to a mixing system of the invention. Single corner 11
in Figure 6 is directing one fluid flow through hole
13 into tube 14 and out, or is directing the fluids
trough tube 14 and out of hole 13, that means that
single corner may transfer fluids from a neighbouring
plate into or out of a connection plate or into or out
of a mixing unit. A single corner may also be used to
add fluids to a mixing system according to the
invention. Double corner 12 in Figure 7 is having a
wall 15 separating two fluids from each other. Double
corner 12 is directing two fluid flows without mixing
them. Double corners 12 may add multi-functions to a
connection plate or a mixing system. The flow of
fluids through double corner may be in any direction
suitable for the system. Figure 8 is showing a mixing
system having heat exchanger plates 1 and connection
plates 5 within a frame 16. Two end plates 17 are
stabilising the system within frame 16. Different
corners are arranged to direct fluids into or out of
the connection plates and thus add to the
multi-function of the mixing system of the invention.
The mixing system seen in Figure 9 shows connection
plates 5 spaced apart within a frame 16. In this
figure it can be seen that for instance single corners
11 are stopping flows of fluids from one side of a
connection plate or heat exchanger plate 1, and are
adding fluid flows from the outside of the connection
plate or heat exchanger plate into the connection
plate or heat exchanger plate. Figures 10 to 15 are
all schematically presentations of different
possibilities of mixing internally or externally of
the mixing system according to the invention. The
connection plate in Figure 10 is equipped with single
corners 11 for connecting fluids to an outside source,
which could be an external mixing unit or could be
additional fluids to be treated within a heat
exchanger mixing system of the invention. The
connection plate is also equipped with two corners,
which could be either blind corners 9 or through
passage corners 10, or one of each.The connection
plate in Figure 11 is equipped with an internal mixing
element 8 . Figure 12 is showing a connection plate in
which one flow of fluids 18 is directed into a mixing
unit or an open space, and another flow of fluids 19
is directed into the connection plate to an internal
temper device to internally temper flow 18, without
mixing flow 18 with flow 19. An external flow of
tempering fluids is led through connections 20, see
Figure 13, which connections 20 may be through passage
corners 10. The external flow of tempering fluids is
led into an internal temper device within the
connection plate having single corners in Figure 13,
to temperate fluids in the mixing unit or the open
space, which may be used as reaction space without
mixing. An external mixing unit 2 1 is connected to a
connection plate in Figure 14 and in Figure 15 is
mixing unit 2 1 equipped with an external temper
device 22. One or more injection ports 23 may be
connected to one or more corners or to one or more
sides of a connection plate. In Figure 11 and 12 are
injection port 23 connected to a corner. Figure 13
shows several injection ports 23 connected along one
side of a connection plate. Injection ports 23 may be
connected to a corner which can be seen in Figures 5,
6 or 7.Claims 1. A heat exchanger mixing system
comprising at least one heat exchanger zone, at least
one connection plate having one or more mixing units,
at least four corners per connection plate, wherein
each corner being either blind passage corner, a
through-passage corner, a single passage corner, or a
double passage corner, and the one or more mixing
units are provided with mixing elements. 2. The heat
exchanger mixing system according to claim 1, wherein
the at least one heat exchanger zone is heat exchanger
plates arranged on one 



or both sides of the at least one connection plate. 3
. The heat exchanger mixing system according to claim
1, wherein the at least one heat exchanger zone placed
inside, outside, or both of the at least one
connection plate. 4 . The heat exchanger mixing system
according to claim 1, wherein the at least one heat
exchanger zone is placed as a combination of heat
exchanger plates arranged on one or both sides of the
at least one connection plate and of heat exchanger
zones placed inside, outside, or both of the at least
one connection plate. 5. The heat exchanger mixing
system according to claim 1, wherein the at least one
connection plate has a shape, which is essentially
square or rectangular. 6. The heat exchanger mixing
system according to any one of the preceding claims,
wherein the at least one connection plate has one or
more mixing units connected externally, arranged
internally or both of the at least one connection
plate. 7. The heat exchanger mixing system according
to any one of the preceding claims, wherein the at
least one connection plate has at least one inlet and
at least one outlet for fluids. 8. The heat exchanger
mixing system according to any one of the preceding
claims, wherein the at least one connection plate has
one or more mixing units connected externally.9. The
heat exchanger mixing system according to any one of
the preceding claims, wherein the at least one
connection plate has one or more mixing units arranged
internally. 10. The heat exchanger mixing system
according to claim 9, wherein the at least one
connection plate has one or more mixing units arranged
internally and at least one inlet and at least one
outlet for heat exchanger fluids. 11. The heat
exchanger mixing system according to claim 9 or 10,
wherein the at least one connection plate is
hermetically sealed. 12. The heat exchanger mixing
system according any of the preceding claims, wherein
the corners are integrated in the at least one
connection plate. 13. The heat exchanger mixing system
according to any one of the preceding claims, wherein
the static mixing elements of the mixing units are
selected from the group consisting of static mixers,
helical mixers, combination of right- and left-turned
mixer blades, vortex mixers, dynamic mixing elements,
flow controlling inserts, metallic foams, mesh, etc.
14. The heat exchanger mixing system according to any
one of the preceding claims, wherein the mixing unit
and the mixing elements are manufactured of any
suitable alloy, stainless steel, Hastelloy(r),
Inconel(r), flouropolymer, polyester, plastics,
polyvinyl chloride (PVC), nylon, glassfibers,
ceramics, polypropylene, polystyrene, polycarbonate,
polyethylene, poly(methyl) (met)acrylate, poly ether
etherketone (PEEK), or combinations thereof. 15. The
heat exchanger mixing system according to any one of
the preceding claims, wherein one or more injection
ports are connected to one or more corners, along one
or more sides of one or more connection plates, or
combinations thereof. 16. The heat exchanger mixing
system according to any one of the preceding claims,
wherein two or more connection plates are directly
connected to each other. 17. A heat exchanger mixing
reactor comprising one or more heat exchanger mixing
system according to any one of the preceding claims,
comprising at least one reactor zone.18. The heat
exchanger mixing reactor according to claim 17,
wherein the heat exchanger mixing reactor comprises up
to 10 heat exchanger mixing systems. 19. Use of a heat
exchanger mixing system according to any of claims 1
to 16, for chemical synthesis or reactions, unit
operations such as dilutions of acids etc., food
applications, agrochemicals, biochemicals. 20. Use of
a heat exchanger mixing reactor according to claims 17
or 18, for chemical synthesis or reactions. 2 1. A
continuous process for mixing fluids comprising steps
of transferring at least one first process fluid and
at least one second process fluid or at least one
reactant through at least one first corner into at
least one internally connected mixing unit of a
connection plate of a heat exchange mixing system
according to any one of claims 1 to 16, or
transferring at least one first process fluid and at
least one second process fluid or at least one
reactant through at least one first corner into at
least one externally connected mixing unit, mixing the
at least one first process fluid and the at least one
second process fluid or the at least one reactant,
transferring heat to or from the mixing unit,
transferring the mixed process fluid out of the mixing
unit through at least one second corner for further
processing in a heat exchanger zone or a reactor zone
of another heat exchange mixing system according to
any one of claims 1 to 16. 22. The process according
to claim 2 1, wherein the process comprises
transferring internal heat exchanger fluids through at
least two corners to external heat exchanger plates.
23. The process according to claim 2 1, wherein the
process comprises transferring internal heat exchanger
fluids into the connection plate through at least one
first corner and transferring the internal heat
exchanger fluids out of the connection plate through
at least one second corner for further heat
exchanging. 24. The process according to claim 2 1,
wherein the process comprises transferring external
heat exchanger fluids into the connection plate
through at least one first corner and transferring the
external heatexchanger fluids out of the connection
plate through at least one second corner. 25. The
process according to claim 2 1, wherein the process
comprises transferring external heat exchanger fluids
into at least one external temper unit of the external
mixing unit and transferring the external heat
exchanger fluids out of at least one external temper
unit of the external mixing unit. 


