
GENE -BASED ALGORITHMIC CANCER PROGNOSIS Field of the
Invention. [0001] The present invention is related to
new method and tools for improving cancer prognosis.
Background of the Invention [0002] Microarray
profiling, or the assessment of the mRNA expression
levels of hundreds and thousands of genes, has shown
that cancer can be divided into distinct molecular
subgroups by the expression levels of certain genes.
These subgroups seem to have distinct clinical
outcomes and also may respond differently to different
therapeutic agents used in cancer treatment . But the
current understanding of the underlying biology does
not permit "individualization" of a particular cancer
patients' care. A s a result for breast cancer, for
example, many women today are given systemic
treatments such as chemotherapy or endocrine therapy
in an attempt to reduce her risk of the breast cancer
recurring after initial diagnosis. Unfortunately, this
systemic treatment only benefits a minority of women
who will relapse, hence exposing many women to
unnecessary and potentially toxic treatment. New
prognostic tools developed using microarray technology
show potential in allowing u s to facilitate tailored
treatment of breast cancer patients (Paik et al , New
England Journal of Medicine 351:27(2004); Van de
Vijver et al, New England Journal of Medicine
347:199(2002); Wang et al, Lancet 365: 671 (2005)) .
These genomic tools may bea much needed improvement
over currently used clinical methods . [0003]
Histological grading of breast carcinomas has long
been recognised to provide significant clinical
prognostic information (1) . However, despite
recommendations by the College of American
Pathologists (2) for use of tumor grade as a
prognostic factor in breast cancer, the latest Breast
Task Force serving the American Joint Committee on
Cancer (AJCC) did not include it in its staging
criteria, citing insurmountable inconsistencies
between institutions and lack of data (3) . This may
be in part related to inter-observer variability and
the various grading approaches used, resulting in poor
reproducibility across institutions. With the advent
of standardized methods such as those developed by
Elston and Ellis (1) , concordance between
institutions has been improved. Nevertheless, whilst
grade 1 (low risk) and 3 (high risk) are clearly
associated with different prognoses, tumors classified
as intermediate grade present a difficulty in clinical
decision making for treatment because their survival
profile is not different from that of the total
(non-graded) population and their proportion is large
(40%- 50%) . A more accurate grading system would
allow for better prognostication and improved
selection of women for further breast cancer
treatment. [0004] The majority of breast cancers
diagnosed today are hormone responsive. Tamoxifen is
the most common anti-estrogen agent prescribed today
in the adjuvant treatment of these patients. Yet up to
40% of these patients will relapse when given
tamoxifen in this setting. A t present, due to the
positive results of several large trials evaluating
the use of aromatase inhibitors instead of, or in
combination or sequence with tamoxifen in the adjuvant
setting, there are many options available for
postmenopausal women with hormone responsive breast
cancer. Furthermore, it is unclear which treatment
option is the best especially given that the long term
health costs of aromatase inhibitor use are unknown.
The ability to identify a group at high risk of
relapse when given tamoxifen could aid in identifying
patients for whom tamoxifen is probably not the best
option. These patients could then be specifically
targeted for alternative treatment strategies . [0005]
Particularly relating to the issue of predicting
relapse for women treated with adjuvant tamoxifen, two
publications have been reported claiming gene sets
that can predict clinical outcome (Ma et al , Cancer
Cell 5:607(2004), Jansen et al . Journal of Clinical
Oncology 23:732(2005) . These studies involved small
numbers of patients and hence are not thoroughly
validated to be widely used clinically. [0006]
Accordingly need exists for methods and systems that
can accurately assess prognosis and hence help
oncologists tailor their treatment decisions for the
individual cancer patient. In particular, a need
exists for methods and systems directed to breast
cancer patients. Aims of the Invention [0007] The
present invention aims to provide new methods and
tools for improving cancer prognosis that do not
present the drawbacks of the methods of the state of
the art . Summary of the Invention [00 08 ] One
embodiment of the invention provides a method,
comprising the steps of (a) measuring gene expression
in a tumor sample submitted to an analysis and
obtained from a mammal subject,preferably a human
patient; 



(b) calculating the gene -express ion grade index (or
genomic grade) (GGI) of the tumor sample using the
formula: JeG3 JeG1 wherein: is the gene expression
level of mRNA, G a and G3 are sets of genes
up-regulated in histological grade 1 (HGl) and
histological grade 3 (HG3), respectively, and j refers
to a probe or probe set . [0009] The tumor sample may
be from tissue afflicted by a cancer selected from the
group consisting of breast cancer, colon cancer, lung
cancer, prostate cancer, hepatocellular cancer,
gastric cancer, pancreatic cancer, cervical cancer,
ovarian cancer, liver cancer, bladder cancer, cancer
of the urinary tract, thyroid cancer, renal cancer,
carcinoma, melanoma, or brain cancer. Preferably, the
tumor sample is a histological grade HG2 breast tumor
sample . [0010] This embodiment may further comprise
designating the tumor sample as low risk (GGl) or high
risk (GG3) based on the gene expression grade index
(GGI) . This embodiment may further comprise providing
a breast cancer treatment regimen for a patient
consistent with the low risk or high risk designation
of the breast tumor sample submitted to the analysis.
[0011] The gene expression grade index GGI may include
cutoff and scale values chosen so that the mean GGI of
the HGl cases is about -1 and the mean GGI of the HG3
cases is about +1. The cutoff value is required for
calibration of the data obtained from different
platforms applying different scales:[0012] The G1 gene
set may comprise at least one gene selected from the
genes in Table 3 designated as "Upregulated in grade 1
tumors" . Preferably, the G i gene set comprises at
least 4 of those genes , and may include the entire
set. The G3 gene set may comprise at least one gene
selected from the genes in Table 3 designated as
"Upregulated in grade 3 tumors." Preferably, the G3
gene set comprises at least 4 those genes, and may
include the entire set. [0013] In another aspect of
the invention, the method according to the invention
comprises the steps of (a) measuring gene expression
in a tumor sample; (b) calculating a relapse score
(RS) for the tumor sample using the formula: wherein:
G is a gene set that is associated with distant
recurrence of cancer, Pi is the probe or probe set, i
identifies the specific cluster or group of genes, W i
is the weight of the cluster i , j is the specific
probe set value, X ij is the intensity of the probe
set j in cluster i , and n is the number of probe sets
in cluster i . [0014] This embodiment may further
comprises the step of classifying the said tumor
sample based on the relapse score as low risk or high
risk for cancer relapse. The cutoff for distinguishing
low risk from high risk may be a relapse score (RS) of
from -100 to +100 or a relapse score (RS) of from -10
to +10. The relapse may be relapse after treatment
with .tamoxifen or other chemotherapy, endocrine
therapy, antibody therapy or any other treatment
methodused by the person skilled in the art.
Preferably, the relapse is after treatment with
tamoxifen. [0015] The tumor sample may be from tissue
afflicted by a cancer selected from the group
consisting of breast cancer, colon cancer, lung
cancer, prostate cancer, hepatocellular cancer,
gastric cancer, pancreatic cancer, cervical cancer,
ovarian cancer, liver cancer, bladder cancer, cancer
of the urinary tract, thyroid cancer, renal cancer,
carcinoma, melanoma, or brain cancer. Preferably, the
tumor sample is a breast tumor sample. [0016] The
patient's treatment regimen may be adjusted based on
the tumor sample's cancer relapse risk status. For
example (a) if the patient is classified as low risk,
treating the low risk patient sequentially with
tamoxifen and sequential aromatase inhibitors (AIs) ,
or (b) if the patient is classified as high risk,
treating the high risk patient with an alternative
endocrine treatment other than tamoxifen. For a
patient classified as high risk, the patient's
treatment regimen may be adjusted to chemotherapy
treatment or specific molecularly targeted anti-cancer
therapies. [0 017] The gene set may be generated from
an estrogen receptor (or another marker specific of
the cancer tissue sample) positive population. The
gene set may be generated by a variety of methods and
the component genes may vary depending on the patient
population and the specific disorder. [0018] Another
embodiment of the invention provides a computerized
system or diagnostic device (or kit) , comprising: (a)
a bioassay module, preferably a bioarray, configured
for detecting gene expression for a tumor sample based
on a gene set; and (b) a processor module configured
to calculate GGI or RS of the tumor sample based on
the gene expression and to generate a risk assessment
for thebreast tumor sample. The bioassay module may
include at least one gene chip (microarray) comprising
the gene set . The gene set may include at least one
gene, preferably at 



least 4 genes, selected from the genes in Table 3
designated as "Up-regulated in grade 1 tumors" or may
include the entire set . The gene may include at least
4 genes selected from the genes in Table 3 designated
as "Upregulated in grade 3 tumors" or may include the
entire set . Brief Description of the Drawings 0 019]
Figure 1 is representing heatmaps showing the pattern
of gene expression in the training (panel a ) and the
validation sets (panel b ) . The horizontal axis
corresponds to the tumors sorted first by HG and then
by GGI as the secondary criterion. The vertical axis
corresponds to the genes . The GGI values of each
tumor and the relapse free survival are indicated
underneath. Two groups of genes are found: those that
are highly expressed in grade 1 (16 probe sets;
highlighted in red) and, reciprocally, those highly
expressed in grade 3 (112 probe sets) . The GGI values
for HG2 tumors cover the range of values for HGl and
HG3 , and those with high GGI tend to relapse earlier
(red dots) . [0020] Figure 2 shows Kaplan-Meier RFS
analysis based on the HG (panel a ) and the GG (panel
b ) for data pooled from the validation datasets 2-5
(table 11) . HGl, HG2 and HG3 can be split further
into low and high risk subsets by GG, indicating that
GG is an improvement over HG (panel c , d and e
respectively) . ER status identifies some, but not
all, of the patients with poor prognosis (panel f ) .
[0021] Figure 3 shows Kaplan-Meier RFS analysis based
on the NPI (a) and the NPI-GG (b) classification.
NPI-GG improves the prognostic discrimination in both
low (panel c ) and high (panel d ) risk NPI subsets,
but not viceversa (panels e and f ) . The Sorlie et al
. dataset was excluded from this analysis because of
incomplete tumor size information. [0022] Figure 4
shows a Forest plot for hazard ratios for HG2 patients
split into GGl and GG3 , showing consistent results in
different datasets Hazard ratios were estimated with
Cox proportional hazard regressions, horizontal lines
are 95% confidence intervals for the hazard ratio. P
values were determined by the log rank test. [0023]
Figure 5 shows distant metastasis free survival (DMFS)
analysis based on the 70 -gene expression signature
(left row, panels a , c and e ) and on GGI (right row,
panels b , d and f ) for data from the Van de Vijver
et al . validation study a ) and b ) are all patients,
c ) and d ) are node -negative, and e ) and f ) are
node-positive patients. Note that the node-negative
subset includes patients used to derive the 70-gene
signature. [0024] Figure 6 represents a genomic grade
applied to previously reported molecular subtypes.
[0025] Figure 7 represents Kaplan Meyer survival
curves for distant metastasis free survival for GGI
(high vs . low) . Detailed Description of the
Invention Definitions [0026] Most terms scientific,
medical and technical terms are commonly understood to
one skilled in the art . [0027] The term "microarray"
refers to an ordered arrangement of hybridizable array
elements, preferably polynucleotide probes, on a
substrate (an insoluble solid support) . [0028] The
terms "differentially expressed gene", "differential
gene expression" and their synonyms, whichare used
interchangeably, refer to a gene whose expression is
activated to a higher or lower level in a subject
suffering from a disease, specifically cancer, such as
breast cancer, relative to its expression in a normal
ox control subject. The terms also include genes whose
expression is activated to a higher or lower level at
different stages of the same disease. It is also
understood that a differentially expressed gene may be
either activated or inhibited at the nucleic acid
level or protein 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, fox
example. Differential gene expression may include a
comparison of expression between two or more genes or
theix gene products, or a comparison of the ratios of
the expression between two or more genes or their gene
products, or even a comparison of two differently
processed products of the same gene, which differ
between normal subjects and subjects suffering from a
disease, specifically cancer, or between various
stages of the same disease. 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. For the purpose of this invention,
"differential gene expression" is considered to be
present when there is at least an about two -fold,
preferably at least about four-fold, more preferably
at 



least about six- fold, most preferably at least about
ten fold difference between the expression of a given
gene in normal and diseased subjects, or in various
stages of disease development in a diseased
subject.[0029] Gene expression profiling: includes all
methods of quantification of raRNA and/or protein
levels in a biological sample. The term "prognosis" is
used herein to refer to the prediction of the
likelihood of cancer-attributable death or
progression, including recurrence, metastatic spread,
and drug resistance, of a neoplastic disease, such as
breast cancer. [0030] The term "prediction" is used
herein to refer to the likelihood that a patient will
respond either favorably or unfavorably to a drug or
set of drugs, and also the extent of those responses,
or that a patient will survive, following surgical
removal or the primary tumor and/or chemotherapy for a
certain period of time without cancer recurrence. The
predictive methods of the present invention are
valuable tools in predicting if a patient is likely to
respond favorably to a treatment regimen, such as,
chemotherapy with a given drug or drug combination,
and/or radiation therapy, or whether long-term
survival of the patient, following surgery and/or
termination of chemotherapy or other treatment
modalities is likely. [0031] The term "high risk"
means the patient is expected to have a distant
relapse in less than 5 years, preferably in less than
3 years. [0032] The term "low risk" means the patient
is expected to have a distant relapse after 5 years,
preferably in less than 3 years. [0033] The term
"tumor," as used herein, refers to all neoplastic cell
growth and proliferation, whether malignant or benign,
and all pre- cancerous and cancerous cells and
tissues. [0034] The terms "cancer" and "cancerous"
refer to or describe the physiological condition in
mammals that is typically characterized by unregulated
cell growth.Examples of cancer include but are not
limited to, breast cancer, colon cancer, lung cancer,
prostate cancer, hepatocellular cancer, gastric
cancer, pancreatic cancer, cervical cancer, ovarian
cancer, liver cancer, bladder cancer, cancer of the
urinary tract, thyroid cancer, renal cancer,
carcinoma, melanoma, and brain cancer. [0035] Raw
"GGI" (Gene expression grade index) is the sum of the
log expression (or log ratio) of all genes high-in-HG3
- sum of the log expression (or log ratio) of all
genes high-in-HGl and can be written as: wherein : x
is the gene expression level of mRNA, [0036] G i and
G3 are sets of genes up-regulated in HGl and HG3 ,
respectively, and j refers to a probe or probe set .
[0037] GGI may include cutoff and scale values chosen
so that the mean GGI of the HGl cases is about -1 and
the mean GGI of the HG3 cases is about +1 : The cutoff
in GGI is 0 and corresponds to the mean of means . GGI
ranges in value from -4 to +4 . Example 1 Material and
Methods for development of grade index (GGI) Patient
demographics [0038] Six datasets of primary breast
cancer were used, four of which were publicly
available (Table 11) (4, 5 , 10, 11) . No patient
received adjuvant chemotherapy andsome had received
adjuvant tamoxifen treatment. Histological grade (HG)
was based on the Elston-Ellis grading system. Each
institutional ethics board approved the use of the
tissue material. Table 1 : Microarray datasets used in
this study- Identifier Institution N Microarray
Systemic Reference Platform Treatment Total 703[0039]
The samples from Oxford were processed at the Jules
Bordet Institute in Brussels, Belgium, and those from
Sweden at the Genome Institute of Singapore in
Singapore. RNA extraction, amplification,
hybridization and scanning were done according to
standard Affymetrix protocols. Affymetrix U133A
Genechips (Affymetrix, Santa Clara, CA) . Gene
expression values from the CEL files were normalized
using RMA (12) . [0040] The default options (with
background correction and quantile normalization) were
used. The output were in logarithmic scale. [0041] The
normalizations were done separately for .CEL files
from different institutions and batch of measurements.
In subsequent analysis, the expression data matrices
were treated as if they were "blocks" of separate
studies. The training set KJX64 consisted of two
blocks (corresponding to two different institutions) ,
and so did the validation set KJ129. [0042] STNO The
Stanford/Norway dataset (Sorlie et al ., 2001) was
downloaded from http: //genomewww. Stanford.
edu/breast .cancer/mopo. clinical/data .shtml 



[0043] It consists of 85 arrays, with several
different chip designs. Only the probes that are
common to all were used. The gene expression values
used are from the column LOG RAT2N MEAN in the array
data files. No further transformation is applied prior
to computing the GGI . When more than one spot
corresponds to a probe, their average was used. [0044]
All 85 patients were used in the heatmap, but only
those with non missing and non zero follow up time
were used in survival analysis. This dataset was
excluded from analysis involving tumor size, since
this informationwas not available (Only TNM category
was given, but the conversion to tumor size is not
straightforward, particularly when one is concerned
with what is appropriate for the NPI formula) . [0045]
NKI/NKI2 The data set NKI (van't Veer et al ., 2002)
and NKI2 (van de Vijver et al ., 2002) were downloaded
from Rosetta website www.rii.com. The log ratio was
used without further transformation. For NKI2, flagged
expression values were considered missing. Age, tumor
size, and histological grade were not available for
NKI2 . [0046] The field 'conservFlag' in the clinical
data table were used to stratify the dataset into two
groups. Each group had its own threshold for deciding
'good' v s lpoor' prognosis, as was done for in the
original results in van de Vijver et al . (2002) .
[0047] NCI This dataset from Sotiriou et al . (2003)
was downloaded from the PNAS web site
http://www.pnas.org/cgi/content/full/l73291210 0/DCl .
The expression values were not modified. Statistical
analysis [0048] Gene selection was done only on the
KJX64 dataset, which are all estrogen receptor (ER)
-positive and either HGl or HG3 . Dataset KJ129 (43
ER-negative, all nodenegative, no systemic treatment)
was used as the validation set, along with other
previously published data (see table 11) . ER-positive
tumor s were used for the training set, because
ER-status and grade were not independent, with very
few ER-negative, HGl tumor s . Using all HGl and HG3
tumor s regardless of the ER status would have
resulted in spurious associations. [0049] The
standardized mean difference of Hedges and Olkin (13)
, was used to rank genes based on their differential
expression with respect to HGl or HG3 .
Thismeta-analytical score is similar to the
t-statistic, but better suited for our training set
which consisted of arraydata originating from two
different centres. [0050] To control for multiple
testing, the maxT algorithm of West fall and Young
(14) , with an extension proposed by Korn et al . (15)
, was applied to compute false discovery counts (FDC)
. All 22,283 probe sets were considered. Probe sets
having a family-wise error rate p - value lower than
0.05 with FDC>2 were identified. Mapping of probes
between platforms was done through Unigene (build
#180), according to the method in Praz et al . (16).
[0051] The gene-expression grade index (GGI) is
defined as : where x is the logarithmic gene
expression measure, and G1 and G3 are the sets of
genes up-regulated in HG3 and HGl, respectively. These
sets differed across platforms. For convenience, the
cutoff and the scale were chosen so that the mean GGI
of the HGl cases was -1 and that of the HG3 cases was
+1 . This rescaling was done separately for each data
source . [0052] The Nottingham Prognostic Index (NPI)
was calculated according to Todd et al . (17) : NPI=
0.2 x size [cm] + lymph node status + histological
grade. [0053] An index called NPl/GG was defined,
where HG was replaced by GG. Cases with NPI  3.4 to be
high risk in both NPI and NPI/GG were considered.
Survival data were visualized using Kaplan-Meier plot.
The hazard ratios (HR) were estimated using Cox
regression, stratified by the data source. Assumption-
free comparisons were done using the stratified log
rank test.Heat maps [0054] For visualization, the
values used in the heatmaps for each probe were
meancentered across patients. No genespecific scaling
(standardization) was done, in order to keep the
information about the relative signal strength of all
probes. The color tone were calibrated such that
saturated red and green were reached at the values
three times the standard deviation of the expression
values of the entire matrix. Note that the scaled GGI
values were not affected by genespecific centering.
Survival Analysis [0055] The survival package for R
was used by Terry Therneau and a custom program for
the KaplanMeier plots, which was checked against the
output of the survival package for correctness.
Mapping across microarray platforms [0056] The
approach of CleanEx database
(http://www.cleanex.isbsib.ch), described in Praz et
al . (2004) was used. Probe identifies were first
mapped into 



sequence accession number. Unigene (build 180) were
then used to map the correspondence between platforms.
For Asymetrix chips, probesets which contain oligos
that were ambiguously mapped to more than one Unigene
id were excluded. Results Differentially expressed
genes between high and low grade subsets [0057] 242
Probe sets corresponding to 183 unique genes with
FDC>2 at family-wise error rate p-value of 0.05,
corresponding to a low false discovery proportion of
0.008 were identified (Table 3 ) . Of these, a list of
12 8 probesets (97 genes) based "on a more
conservative criterion (FDC>0 at p-value of 0.05) was
used in all subsequent analyses, except for checking
common genes with signatures published by others,
where we used the 183 -gene list. [0058] Figure Ia
shows two strong and reciprocal patterns of expression
clearly associated with HGl and HG3 . Many genes
up-regulated in HG3 were mostly associated with cell
cycle progression and proliferation (Table 3 ) . The
same gene selection algorithm to contrast HG2 tumor s
with a pool combining HGl and HG3 tumor s were
applied. This yielded no differentially expressed
genes. Thus, the HG2 population as a whole has no
peculiar characteristics of its own that are
independent from the HGl and HG3 distinction. [0059]
The list of 128 probe sets was then applied to
untreated breast cancer patients (dataset KJ129) . A s
shown in Fig. Ib, visual inspection revealed an
expression pattern for HGl and HG3 similar to that
which was observed on the training set (Fig. Ia) . The
GEP of the grade 2 population looked like a mixture of
grade 1 and grade 3 cases, rather than intermediate
between the two. To make this observation more
objective, the GGI (which essentially summarizes the
differences in the GEP of the reporting genes by
averaging their expression levels) was defined. A s
shown under the heat maps in Fig. 1 , the GGI
distribution of HG2 covered the range of the GGI
values of HGl and HG3 , confirming the visual
impression. A similar observation was made on the
three previously published datasets, despite
differences in the clinical populations and microarray
platforms (see figures 6a, b , and c ) .Histological
grade, gene- expression grade (GG) and prognosis
[0060] These findings lead to showing that
intermediate histological grade can be replaced by low
and high grade based on gene expression. Gene
-expression grade (GG) based on the GGI score was
defined. Patients were classified as GGl (low grade)
if their GGI value was negative or as GG3 (high grade)
otherwise. Note that the GGI score of zero corresponds
to the midpoint between the average GGI values of HGl
and HG3 (see methods) . This choice might not be
clinically optimal and could be improved based on the
trade-off between the cost of treatment and risk, but
it would be sufficient for evaluating the prognostic
value of GGI . [0061] For this purpose, breast cancer
samples derived from a pool of our own validation
population (KJ12 9 ) and additional datasets STNO, NCI
and NKI (table 11) were used. In figure 2a, the
association between histological grade and
relapse-free survival (RFS) was examined. A s
expected, HG3 tumor s had significantly worse RFS than
HGl, while HG2 tumor s had an intermediate risk and
constituted 38% of the population. In figure 2b, GGl
and GG3 subgroups showed distinct RFS, similar to the
RFS of HGl and HG3 tumor s , respectively. To examine
how the discordance between GG and HG are related to
prognosis, GG was split for each of the histological
categories (figure 2c, 2d and 2e) . The most striking
result was that GG split HG2 into two groups, namely
HG2/GG1 and HG2/GG3, whose RFS were also respectively
similar to those of HGl and HG3 (Fig. 2d) . The log
rank test failed to reveal any significant difference
in survival between HGl and HG2/GG1, as well as
between HG3 and HG2/GG3 (see figure 7 ) . For
comparison, ER status also had prognostic power in HG2
tumor s (Fig, 2f), although the hazard ratio was less
thanthat of GG (Fig. 2d) . Notably, the ER-positive
group showed similar RFS as the total population.
[0062] While GG was better than HG by classifying some
patients with poor prognosis in the HGl population
(fig. 2c) , the reverse seems to be the case in HG3
population: it classified some patients as low-risk
despite their poor prognosis (fig. 2d) . Thus, in the
case of discordance involving low and high grade
categories, neither GG nor HG were consistently
outperform the other. It seemed that whichever decided
to classify as high grade tended to be more accurate
prognostically . This suggests that for both HG and
GG, correctly detecting any indication of high grade
was easier than accurately declaring it absent. If
this observation is confirmed by future studies,
corrections should be done in clinical practice, for
example by using a rule which substitutes HGl and HG2
, but not HG3 , by GG. However, the frequency of this
type of discordance in the data used here was
relatively small and 



such modifications were not used in this study, which
aims to characterize GG purely on its own.Table 12 :
Multivariate analysis of breast cancer prognostic
factors (N = 302)Prognostic value of GG in
multivariate model [0063] Almost all
clinicopathological variables were significantly
associated with clinical outcome in univariate
analysis (Table 12) . GG and HG status had the
strongest effect. However, in multivariate analysis,
only GG, nodal status and tumor size kept their
significance, with GG having the largest hazard ratio.
In accordance with figure 2 , GG replaced HG when both
were considered, and GG considerably reduced the
prognostic impact of ER. GG and the Nottingham
Prognostic Index [0064] The independence of GG, nodal
status and tumor size in explaining the disease
outcome mirrored the Nottingham Prognostic Index (NPI)
, which combines HG, nodal status and size. To test
whether GG can be used to improve this
well-characterized risk score, we propose a score
called NPI/GG, which is analogous to NPI except that
HG is replaced by GG 7 with only two possible values
(either 1 or 3 ) . A s shown in Fig. 3a and 3b, NPI/GG
was significantly more discriminative than classical
NPI. Moreover, NPI/GG was able to split both the NPI
low and high risk groups into subgroups with
significantly different clinical outcome (Fig. 3c,
3d), while the reverse was not true (Fig. 3e, 3f) .
Example 2 Consistent prognostic value of GG in
different populations and microarray platforms [0065]
The results of the pooled analysis above were
consistently present in the individual datasets, as
shown by the forest plot of hazard ratios in Figure 4
. More complete results are shown in figure 8 . Figure
4 shows that in each independent validation dataset,
GG divided the grade 2 populations into two distinct
groups withstatistically different clinical outcomes.
There was no significant heterogeneity between the
hazard ratios, even though the different datasets
included heterogeneous patient populations, were
graded by various pathologists and used different
microarray platforms. Relationship with the 70-gene
signature [0066] In their pioneering work, van't Veer
et al . identified a 70-gene expression signature
significantly correlated with distant metastasis in
node negative breast cancer patients (5) . The present
list of 97 genes (128 probe sets) could be mapped to
93 genes (113 probes) in their Agilent arrays. To
allow comparison under the same trade-off between risk
and the cost of treatment as the Netherlands Cancer
Institute (NKI) classification, cutoffs for GGI that
gave the same numbers of patients in high- and
low-risk groups were selected (see methods) . Figure 5
shows the comparisons between the NKI prognostic
signature and the GGI on distant- tnetastases-f ree
survival for the overall population (fig. 5a, b ) , as
well as for the node negative (fig. 5c, d ) and
positive subgroups (fig.5e, f) . Despite the fact that
our probes were selected without using clinical
outcome and had to be mapped across platforms, the
results were strikingly close. Similar results were
found when considering overall survival (see figures 9
) . Data were unavailable to compare relapse-free
survival. [0067] Low and high grade breast cancers
were unexpectedly associated with many differentially
expressed genes, the majority being involved in cell
cycle and proliferation. For these genes, HG2 tumor s
had heterogeneous transcriptional profiles that
covered the range of variation of HGl and HG3 tumor s
. A similar observation was made in at least one
previous report (18) . Here, the clinical implications
of this finding anddiscovered that the grade-related
GEPs were also correlated with disease outcome are
investigated. [0068] A s demonstrated by Figure 4
improvements by GG were consistent across the
different datasets which would have not been the case
if the grading quality differed significantly between
these studies. Similarly, figure 2a shows good
prognostic separation between HGl and HG3 , indicating
that the histological grading was of high quality.
Furthermore, central pathologist review would still
result in a significant portion of tumor s being
classified as HG2 . Finally, these results were more
reflective of clinical reality, since grading by a
central pathologist is rarely done in practice. [0069]
The approach in identifying GEP associated with
prognosis is quite different from that used by other
investigators . Instead of selecting the prognostic
genes directly through their correlation with
survival, one may identify them indirectly through
histological grade, a well-established prognostic
factor rooted in cell biology. This may explain the
robustness and reproducibility of GGI across
independent and heterogeneous validation sets and
different microarray platforms. Furthermore, since the
GGI, can be interpreted as "molecular grade" , it can
be integrated easily into existing prognostic systems
which uses histological grade, such as the NPI. [0070]
This gene selection process was not meant to 



define a specific set of genes to be used as a
prognostic "signature" . The present invention aims to
build a comprehensive "catalogue" where different sets
of signatures could be chosen from. This was
illustrated by the cross-platform applicability of the
catalogue. Although the actual sets of probes used in
various platforms differed in numbers and gene
compositions, the results were still reproducible. It
is remarkable to obtain goodprognostic discrimination
in very different datasets with a linear classifier
where the weights of the genes were simply +1 or -1,
based on their association with grade on a training
set of 64 patients. Thus, the "grade signal"
identified was not bound to a particular set of genes
nor to any special combination of their expression
levels, since the genes were highly correlated and the
GGI effectively behaves as a single prognostic factor.
It is still beneficial to use many genes, if only to
provide redundancy against noise. The consequence for
the development of practical diagnostic systems is
that arbitrary subsets of the "grade gene catalogue"
of the invention might be used, constrained only by
technical considerations . [0071] Jenssen and Hovig
(19) recently discussed two issues regarding the use
of gene -expression signatures for prognosis. These
were 1 ) the lack of agreement between genes included
in different signatures and 2 ) the difficulty in
understanding the biological basis of the correlation
between the signatures and survival. The present gene
catalogue is rich in genes with likely roles in cell
cycle progression and proliferation. This class of
genes is one important -if not the most
importantcomponent of any existing profile-based risk
prediction method for breast cancer. In Paik et al
.(7) , the "proliferation set", whose five genes are
all in our 183- gene catalogue (Table 3), was the one
that had the largest hazard ratios in their extensive
training and validation sets and has the highest
weight in the "recurrence score" formula. The
application to the NKI data in figure 5 also lends
support to the idea that grade-related genes may
constitute a significant portion of the prognostic
power of the NKI 70-gene signature. When compared
against our 183- gene catalogue, the following numbers
of genes in commonwith other prognostic signatures:
11/70 and 30/231 genes (van't Veer et al .) , 5/15
(Paik et al) and 7/76 (Wang et al.) (4, 7 , 8 ) were
found. [0072] In summary, gene -express ion based
grading could significantly improve current grading
systems for the prognostic assessment of cancer, in
particular breast cancer. [0073] Reproduction of these
findings across multiple independent datasets and
across different platforms suggests our conclusions
are robust. The GGI score does not require a specific
set of genes nor is it bound to a particular detection
platform. Grading based on the GGI can b e
incorporated into existing prognostic systems, by
substituting HG with GG. Refined grading based on gene
expression measurements could have important clinical
application for breast cancer management in the future
. Example 3 Definition of clinically distinct subtypes
within Estrogen receptor positive breast carcinoma
Materials and methods Tumor samples [0074] Three
hundred and thirty five early- stage breast carcinoma
samples comprised our own dataset . Eightysix o f
these samples have been previously used in another
study and the raw data are available at the Gee
Expression Omnibus repository database
(http://www.ncbi.nlm.nih.gov/geo), with accession code
GSE2990. These samples had received no adjuvant
systemic therapy. Two hundred and forty-nine samples,
previously unpublished, had received adjuvant
tamoxifen only (tarntreated dataset) . All samples
were required to be ERpositive by protein ligand
binding assay.[0075] Microarray analysis was performed
with Affymetrix(tm) U113A Genechips (r) (Affymetrix,
Santa Clara, CA) . This dataset contained samples from
the John Radcliffe Hospital, Oxford, U.K., Guys
Hospital, London, U.K. and Uppsala University
Hospital, Uppsala, Sweden. Samples from Oxford and
London were processed at the Jules Bordet Institute in
Brussels, Belgium. For the samples from Uppsala, RNA
was extracted at the Karolinska Institute and
hybridized at the Genome Institute of Singapore in
Singapore. The quality of the RNA obtained from each
tumour sample was assessed via the RNA profile
generated by the Agilent bioanalyzer. RNA extraction,
amplification, hybridization, and scanning were done
according to standard Affymetrix protocols . Gene
expression values from the CEL were normalized by use
of RMA 12 . Each population was normalised separately.
Each hospital's institutional ethics board approved
the use of the tissue material and written informed
consent was obtained. The raw data for the tarntreated
dataset are available at the Gene Expression 



Omnibus repository database
(http://www.ncbi.nlm.nih.gov/geo/), with accession
code GSE XXX. [0076] The inventors also used four
other publically available datasets, described in
recent publications: van de Vijver 5 (n=295) , Wang 8
(n=286) , Sotiriou 10 (n=99) , Sorlie 11 (n=78) , in
the analysis. For the survival analysis, we used
tumors classified as ER-positive only (van de Vijver 5
(n=122), Wang 8 (n=209) ) . For the survival analysis
involving patients who had received no systemic
adjuvant treatment, patients from the van de Vijver et
al. 5, Wang et al. B and previously published dataset
were combined (n=417 ER-positive patients, hereby
referred to as the "untreated" dataset)All clinical
data are shown in Table Sl of the Supplementary
Information. Data Analysis Estrogen (ER) and
Progesterone receptor (PgR) level [0077] Patients were
initially selected at their institutions according to
a positive ER status which was determined by protein
ligand-binding assay. The inventors subsequently
confirmed a positive ER level by using the microarray
data. The ER level was measured by probe set (a 30-mer
oligonucleotide) on our human Affymetrix(tm) GeneChip
(r) U133 A&B microarray. The inventors have used the
probe set 2 05225_at" for ER. PgR was represented by
the probe set "2 08305_at" . The immunohistochemical
measurement of ER is known to correlate with mRNA
levels of ER 4 . Tumours with any positive expression
level of ER and PgR were considered. Histological
grade [0078] Histological grade was based on the
Elston- Ellis grading system. A central pathologist
reviewed the histological grade and ER status for all
samples from Uppsala, Sweden, Guys Hospital, London,
UK and the Van de Vijver et a.1 . dataset 5 . An index
based on the expression of proliferation-related genes
to quantify genomic grade: gene expression grade index
(GGI) [0079] "Gene expression grade index" (GGI) is a
linear combination of the expression of 12 8 probe
sets (97 genes) that were found to be differentially
expressed between histological grade 1 and 3 (see
definitions) . The index is effectively, a
quantification of the degree of similarity between the
tumour .expression profile and tumourgrade. A high
gene-expression grade index corresponds to a high
grade and vice versa. This index was used to divide
each data set into high and low grade sub-groups.
[0080] Mapping of probes between microarray platforms
was done through Unigene (build #18 0 ) , according to
the method in Praz et a.1 .1S . Hierarchical
clustering The "Cluster" program was used to perform
average linkage hierarchical cluster analysis 28 after
median centering of each gene using an uncentered
Pearson correlation as similarity measurement. The
cluster results were viewed using "TreeView" .
Expression data was downloaded and extracted from
datasets Sorlie et al . x and Sotiriou et al . 10 .
The samples were ordered according to subtype as in
the original publications 1 0 1X to investigate the
relation between the expression of the genes in the
GGI and the subtypes . Statistical Analysis [0081] In
order to assess the relation between survival and some
continuous variable, a variant of a method introduced
to compute the expected survival for individual was
used: "Rate of distant recurrence" plots 29 (ref:
Terry M . Therneau and Patricia M . grambsch, 2000,
"Modeling Survival Data: Extending the Cox Model",
chapter 10) . The expected proportion of distant
metastasis with respect to the GGI, ER and PgR was
plotted using a Cox model fitted with only the
variable under study. [0082] Survival curves were
visualized using Kaplan- Meier plots and compared
using log-rank tests. The univariate and multivariate
hazard ratios (HR) were estimated using Cox regression
analysis. All statisticaltests were two-sided.
Statistical analysis was performed using SPSS
statistical software package, version 11.5. RESULTS
Applying genomic grade to the previously reported
molecular subtypes [0083] To investigate the
expression of the gene expression grade index (GGI) in
relation to the subtypes, expression data were
extracted from data sets Sorlie and Sotiriou et al .,
the original and confirmatory publications
respectively 1' 13 . The genes were clustered using
averagelinkage clustering and the samples were ordered
according to the subtypes as presented in the
published manuscripts 11' 13 . Applying genomic grade
to the previously reported molecular subtypes (6a:
Sorlie et al.; 6b: Sotiriou et al.) Subtypes are
ordered the same as in the original publications. The
heatmap of GGI genes is placed below the dendrogram.
Boxplots of the GGI score (median and range) are
placed below each subtype. High grade is indicated by
a 



GGI score >1 and vice versa. [0084] Figure 6 shows the
results o f this analysis. In general, the ER-negative
subtypes, the basal and the erbB2 subtypes, had high
expression of GGI, or were of high grade. However, the
ER-positive subtypes showed a diverse range of GGI
levels, particularly the luminal C or 3 subtype both
highly expressing these proliferationassociated genes,
whereas luminal A or 1 , and the normal - like were
mostly negative for the expression of the GGI, or low
grade. This confirmed the hypothesis that there are
varying degrees of contribution of cell cycle genes to
the biological makeup of ER-positive tumours, whereas
ERnegative tumours seem to consistently have over-
express ion of these genes. It is interesting to note
the similarity inexpression profiles of the GGI genes
between the high grade ER-positive subtype and the
ER-negative subtypes. Clinical relevance of
ER-positive luminal subtypes as defined by genomic
grade [0085] Genomic grade could distinguish
clinically subtypes within the ER-positive tumours and
the prognostic value of these genomic grade defined
subtypes were an improvement over current traditional
methods, such as that based on quantitative levels of
estrogen and progesterone receptor levels. A
Kaplan-Meier survival analysis was performed comparing
classes of ER-positive tumours according to GGI score
(high vs. low grade) and expression levels of estrogen
and progesterone receptor (rich vs. poor expression)
with respect to time to distant metastasis (TDM) ,
which is often used as a surrogate for breast cancer
specific survival (Figure 7 - KM and Cox) . Kaplan
Meier survival curves for distant metastasis free
survival for GGI (high vs. low) , ER expression levels
and PgR expression levels (rich vs. poor) . Figure 7a
displays the results for the untreated dataset (n=417)
. Figure 7b for the tamoxi fentreated dataset (n=24 9
) . For the untreated dataset, results shown were
combined from multiple datasets involving 417
ER-positive samples hybridized using two popular
commercially available oligonucleotide microarray
platforms- Affymetrix(tm) and Agilent(tm) (see
methods) . A s shown, for both untreated and
tamoxifen- treated populations, the expression levels
of the ER did not have any prognostic value (p=0.74
and 0.51 respectively) . In contrast, both the GGI and
expression levels of the PgR had prognostic value
(untreated: p<0.0001 for both GGI and PgR;
tarn-treated: GGI p<0.0001, PgR p=0.0058). The luminal
low grade subtype had a much better 10-year estimate
of TDM compared with the luminal high grade
subtype.[0086] Table 13 shows the univariate and
multivariate analysis with other standard prognostic
covariates of age, grade, tumour size as well as
genomic grade. In the multivariate Cox regression
analysis, only the GGI retained significant prognostic
value (untreated: HR 2.3 (95%CI: 1.2-4.3; p=0.008;
tarn-treated: HR 2.14 (95%CI: 1.04-4.02; p=0.0038),
subsuming those factors that were significant at the
univariate level, including the progesterone receptor
expression levels (p=0.3) . For the untreated
population, tumour size also retained significance in
the multivariate model (HR 2.2 (95% CI: 1.2- 3.8, p=0.
0068). This suggests that genomic grade, as measured
by the GGI, can distinguish clinically distinct groups
of patients within those that express positive levels
of estrogen receptor. Furthermore, the GGI had highly
significant prognostic value, suggesting a better
ability to discriminate clinical outcome over these
traditional factors. The ER-positive high grade
subgroup's worse disease outcome in the tamoxif
en-treated dataset seems to suggest that adjuvant
tamoxifen does not alter this subtype's natural
disease history despite having a positive ER status.
This could potentially flag a group of tumours worthy
of further investigation from both a biological and
therapeutic standpoint . [0087] As further
demonstration of the GGI 's prognostic value in
ER-positive tumours, the inventors generated figures
displaying the rate of distant recurrence as
continuous function of the GGI and compared this to
continuous levels of ER and PgR for both untreated and
tamtreated populations. [0088] Two subtypes of tumours
can be distinguished within patients whose breast
cancers express at least some level of estrogen
receptor. in patients whose tumours express a high
level of the genes that comprise the GGI,i.e.
corresponding to high genomic grade, their disease
outcome was clearly different, with a higher incidence
of relapses compared with tumours of low genomic
grade. Furthermore, their worse disease outcome seemed
unchanged even when given adjuvant tamoxifen,
suggesting that this group of women do not seem to
benefit from adjuvant tamoxifen despite their positive
estrogen receptor values. Note that none of the
patients in this study had received adjuvant
chemotherapy, so it is unclear if chemotherapy can
alter this group's natural disease history. The
potential clinical significance of this finding is
also underscored by the similarities between the high
grade ER-positive group and the high grade ER-negative
tumours ('basal and 



erbB2) further suggesting that high levels of
expression of the genes associated with high genomic
grade is associated with a poor prognosis. The GGI can
consistently identify these two groups across multiple
datasets which were hybridized using several
microarray platforms, involving 666 ER-positive
samples, suggesting our conclusions are robust and
highly reproducible than that produced previously by
hierarchical cluster analysis 1 3 . [0089] The genes
present in the GGI are associated with cell cycle
progression and proliferation: among the top 20
overexpressed genes were UBE2C, KPNA2 , TPX2 , FOXMl,
STK6, CCNA2, BIRC5, and MYBL2 ; see Supplemental Table
14) . For ER-positive tumours, genomic grade was
associated with differing relapse- free survival, but
for ER-negative tumours, as almost all are associated
with high genomic grade, the GGI had no prognostic
value. Therefore, cellcycle related genes seem to have
prognostic value only in breast cancer patients with
positive expression of ER. Within this group, the
incidence of distant metastases seems to be
predominantly driven by this set of proliferation and
grade-derived genes. However, in ERnegative tumours,
there may be further factors driving the underlying
biology of metastasis besides cell-cycle associated
genes. The prognostic ability of a "cell proliferation
signature" in a subset of patients has been reported
previously in women who express relatively high
estrogen receptor expression for their age 5 . The
analysis of the ER-positive subgroups was divided by
genomic grade to the previously described luminal
subgroups and this concept was validated in over 650
patients. Furthermore, genomic grade remains the
strongest variable in univariate and multivariate
analysis (Table 4 ) that takes clinical prognostic
factors into consideration. [0090] Currently there are
several molecular signatures derived from microarray
technology that claim to be able to predict prognosis
in breast cancer patients 8' 4' 7 24 Some of these
gene signatures reported can predict clinical outcome
in ER-positive tumours treated with adjuvant tamoxifen
7 24 30 . In the recurrence score developed by Paik et
al. 7 the proliferation set of five genes had the
largest hazard ratios in their large training and
validation sets and the highest "weight" or
coefficient in their recurrence score formula
indicating their high importance in deriving a
prognosis classification for women with early stage
breast cancer treated with adjuvant tamoxifen.
Proliferation-related genes appear to be an important-
if not the most important- component of many existing
prognostic gene signatures for breast cancer that are
based on gene-expression profiles. By using the 11
genes in common between the GGI and a 70-gene
prognostic gene classifier for women with early stage
breast cancer under the age of 55 4, similar survival
curves to the validation publication 5 were obtained,
suggesting that grade-related genes constitute a
significant amount of the prognostic power of this
signature. The subgroups achievedby these prognostic
signatures and that obtained by the classification of
ER-positive tumours by genomic grade overlap
significantly because of a strong dependence on cell
-cycle genes to drive metastasis and relapse. The
advantage of this approach is that the biological
mechanism that is responsible for the poor outcome is
obvious, rather than a gene set that likely represents
a variety of molecular functions and biological
processes 8' 4 . Because antiestrogens such as
tamoxifen have a cell cycle-specific action on breast
cancer cells and influence the expression and activity
of several cell cycle-regulatory molecules, the
development of aberrant cell cycle control mechanisms
is an obvious mechanism by which cells might develop
resistance to antiestrogens. It is currently
incompletely understood why up to 30-40% of
ER-positive breast cancers develop resistance to
tamoxifen when positive expression of the ER is the
best predictor predictors of tamoxifen response in the
clinical setting 31 . Over- expression of cyclin Dl, a
critical controller of the cell cycle, has been
associated with tamoxifen resistance and can reverse
the growth- inhibitory effect of antiestrogens in
estrogen receptor-positive breast cancer cells 32 .
Further investigation into the oncogenic pathways that
drive the cell cycle machinery will be beneficial in
developing new agents to treat the high grade
subgroup. [0091] Definition of clinically relevant
tumour subclasses within ER-positive breast cancers is
of great importance to the treating oncologist today.
The emergence of new strategies of adjuvant
anti-estrogen therapy 33~37 as well as new
chemotherapeutic and biological agents has made
treatment decision making for women with early stage
breast cancer sometimes a difficult task. Previously,
tamoxifen was the mainstay of ant i-estrogen therapy,
with significant reductions in the risk or relapse,
death and contralateralbreast cancer for women with
early stage, ER-positive breast cancer 38 . However,
since the advent of aromatase inhibitors and the
reporting of several trials finding them to be more
effective than tamoxifen in postmenopausal women, the
American Society of Clinical Oncology has 



recommended that an aromatase inhibitor be included in
the therapy of postmenopausal women with early stage
hormone responsive breast cancers 39 . However, it is
still unclear the best combination and sequencing of
aromatase inhibitors and tamoxifen, and whether all
women with ER-positive tumours derive the same or
differing benefit from these agents. The elucidation
of clinically relevant and biological distinct hormone
responsive breast tumour phenotypes can help
facilitate the optimization of such therapy as they
may require different therapeutic strategies . [0092]
In conclusion, the use of genomic grade can
distinguish two subtypes with ER-positive breast
cancers in a reproducible manner across multiple
datasets and microarray platforms. This is validated
ept in over 650 ERpositive breast cancer samples.
These subgroups have statistically distinct clinical
outcome in both systemically untreated and tamoxif
en-only treated populations. Stratification by subtype
in clinical trials may provide important information
on the potentially diverse effect of endocrine
therapies, chemotherapies and biological agents on
these subgroups . A focussed biological investigation
into these distinct phenotypes may result in
identification of separate and different therapeutic
targets . [0093] The genes identified herein may be
used t o generate a model capable of predicting the
breast cancer grade of an unknown breast cell sample
based on the expression of the identified genes i n
the sample . Such amodel may be generated by any of
the algorithms described herein or otherwise known in
the art as well as those recognized as equivalent in
the art using gene(s) (and subsets thereof) disclosed
herein for the identification of whether an unknown or
suspicious breast cancer sample is normal or is in one
or more stages and/or grades of breast cancer. The
model provides a means for comparing expression
profiles of gene(s) of the subset from the sample
against the profiles of reference data used to build
the model . The model can compare the sample profile
against each of the reference profiles or against
model defining delineations made based upon the
reference profiles. Additionally, relative values from
the sample profile may be used in comparison with the
model or reference profiles. [0094] In a preferred
embodiment of the invention, breast cell samples
identified as normal and non-normal and/or atypical
from the same subject may be analyzed for their
expression profiles of the genes used to generate the
model . This provides an advantageous means of
identifying the stage of the abnormal sample based on
relative differences from the expression profile of
the normal sample. These differences can then be used
in comparison to differences between normal and
individual abnormal reference data which was also used
to generate the model . The detection of gene
expression from the samples may be by use of a single
microarray able to assay gene expression. One method
of analyzing such data would be from all pairwise
comparisons disclosed herein for convenience and
accuracy. [0095] Other uses of the present invention
include providing the ability to identify breast
cancer cell samples as being those of a particular
stage and/or grade of cancer for further research or
study. This provides a particular advantage in many
contexts requiring theidentification of breast cancer
stage and/or grade based on objective genetic or
molecular criteria rather than cytological
observation. It is of particular utility to
distinguish different grades of a particular breast
cancer stage for further study, research or
characterization. [0096] The materials for use in the
methods of the present invention are ideally suited
for preparation of kits produced in accordance with
well known procedures. The invention thus provides
kits comprising agents for the detection of expression
of the disclosed genes for identifying breast cancer
stage. Such kits optionally comprising the agent with
an identifying description or label or instructions
relating to their use in the methods of the present
invention, is provided. Such a kit may comprise
containers, each with one or more of the various
reagents (typically in concentrated form) utilized in
the methods, including, for example, pre-f abricated
microarrays, buffers, the appropriate nucleotide
triphosphates (e.g., dATP, dCTP, dGTP and dTTP; or
rATP, rCTP, rGTP and UTP) , reverse transcriptase, DNA
polymerase, RNA polymerase, and one or more primer
complexes of the present invention (e.g., appropriate
length poly (T) or random primers linked to a promoter
reactive with the RNA polymerase) . A set of
instructions will also typically be included. [0097]
The methods provided by the present invention may also
be automated in whole or in part. All aspects of the
present invention may also be practiced such that they
consist essentially of a subset of the disclosed genes
to the exclusion of material irrelevant to the
identification 



of breast cancer stages in a cell containing sample.
[0098] An exemplary system for implementing the
overall system or portions of the invention might
include a general purpose computing device in the form
of a computer,including a processing unit, a system
memory, and a system bus that couples various system
components including the system memory to the
processing unit. The system memory may include read
only memory (ROM) and random access memory (RAM) . The
computer may also include a magnetic hard disk drive
for reading from and writing to a magnetic hard disk,
a magnetic disk drive for reading from or writing to a
removable magnetic disk, and an optical disk drive for
reading from or writing to a removable optical disk
such as a CD ROM or other optical media. The drives
and their associated machine -readable media provide
nonvolatile storage of machine- executable
instructions, data structures, program modules and
other data for the computer. [0099] Embodiments of the
present invention may be practiced in a networked
environment using logical connections to one or more
remote computers having processors. Logical
connections may include a local area network (LAN) and
a wide area network (WAN) that are presented here by
way of example and not limitation. Such networking
environments are commonplace in office-wide or
enterprise-wide computer networks, intranets and the
Internet and may use a wide variety of different
communication protocols. Those skilled in the art will
appreciate that such network computing environments
will typically encompass many types of computer system
configurations, including personal computers,
hand-held devices, multi -processor systems,
microprocessor-based or programmable consumer
electronics, network PCs, minicomputers, mainframe
computers, and the like. Embodiments of the invention
may also be practiced in distributed computing
environments where tasks are performed by local and
remote processing devices that are linked (either by
hardwired links, wireless links, or by acombination of
hardwired or wireless links) through a communications
network. In a distributed computing environment,
program modules may be located in both local and
remote memory storage devices . [0100] Different
embodiments of the present invention have been
described according to the present invention. Many
modifications and variations may be made to the
techniques and structures described and illustrated
herein without departing from the spirit and scope of
the invention. Accordingly, it should be understood
that the apparatuses described herein are illustrative
only and are not limiting upon the scope of the
invention.APPARATUS WITH FLEXIBLY MOUNTED SPUD
CARRIAGE The present invention relates to an apparatus
for accommodating a substantially vertical pole (also
referred to as spud) of a dredging vessel, typically a
cutter suction dredger, comprising a spud carriage
which is mounted for limited rotation around a
horizontal transverse axis. Large cutter suction
dredgers must often carry out operations at sea or on
unsheltered waters . The waves cause the vessel to
move and great forces can herein be exited on the
couplings between the vessel and the bottom, these
couplings being formed mainly by a spud and cutter
ladder. These couplings must on the one hand be rigid
in order to enable an efficient cutter process, but
may not be too stiff because otherwise excessive
forces are generated in the spud by the pontoon
following the movements of the larger waves. The
invention has for its object to propose an apparatus
of the type stated in the preamble which behaves as a
spud carriage mounting in the pontoon with a variable
rigidity - rigid in the case of small waves and more
flexible at critical wave conditions - and in
particular with a rigidity which decreases sharply at
a determined maximum load of the spud plus spud
carriage. The invention is distinguished for this
purpose in that: - at least a first and a second
spring means is arranged under bias between vessel and
spud in the longitudinal direction for the purpose of
absorbing a moment on the spud carriage, which first
and second spring means compensate each other in the
non-loaded situation of the spud; and in that - at
least one spring means is provided with a spring force
limiting means which hardly allows the spring force to
increase further, whereby the moment generated on the
spud carriage around an athwartship axis is
limited.The longitudinal force Fl exerted on the spud
is typically a ground reaction force on the point of
the spud, and in the case of a cutter suction dredger
this normally acts in the direction of the cutter
head. This causes a moment on the spud carriage,
whereby the spud carriage tilts through a determined
angle around the transverse axis, the first spring
means is further tensioned and the second spring
acting in opposite direction loses tension. This
tiltability of the spud carriage in combination with
the spring means thus decreases as it were the
rigidity and ensures that the moment on the spud
carriage is absorbed. When the moment on the spud
carriage becomes greater than a determined maximum
moment, the spring force then hardly increases
further, 



whereby the moment exerted on the spud carriage around
an athwartship axis is limited. Note that each spring
means is typically provided with a spring force
limiting means, but that in practice it is only that
of the first spring means which will be used often,
since a very great longitudinal force Fl will usually
occur in only one direction. According to the
preferred embodiment, the first and second spring
means are connected by means of respectively a first
and second hydraulic cylinder to the vessel for the
purpose of applying the desired bias . In this way the
bias can be adjusted in a simple manner. In this
embodiment the spring force limiting means can be
realized in simple manner by means of a piston
accumulator which is connected to the bottom side of
the hydraulic cylinder. A piston accumulator typically
comprises a cylinder with free piston and an
accumulator. When the tension in the spring rises
above a determined maximum value which is a function
of the pressure of the accumulator, pistons of main
cylinder and cylinder with free piston move inward,
whereby the spring forceincreases only slowly while
the spud carriage rotates. If the force on the spud
point is acting in forward direction, the rotation
will then be such that the spud point moves forward
relative to the vessel, which results in a sharp fall
in the force on the spud point. As soon as the force
on the spud point becomes smaller than the maximum
value, the piston moves outward again under the
influence of the accumulator pressure. According to a
further developed variant, spring tensioning means are
provided for maintaining a minimum tension in at least
the second spring means if the spring means were to
completely lose tension and the spring force therein
is lost. In the case of a great longitudinal force the
first spring means will for instance tension further
while the second spring means loses tension, which at
a determined limit value of the longitudinal force can
result in the spring force being lost completely (in
the case the spring means is an elastic wire, this is
the point at which the wire becomes slack) . This is
avoided by using the spring tensioning means. The
spring tensioning means preferably comprise a
tensioning plunger arranged in the piston rod of the
hydraulic cylinder and an accumulator co-acting
therewith. When the force exerted by the spring means
on the tensioning plunger falls below a determined
value, which depends on the pressure of the
accumulator, the tensioning plunger then moves outward
and thereby maintains tension in the spring means at a
determined minimum. In the preferred embodiment the
first and second spring means are biased first and
second wires, preferably steel wires. According to a
possible arrangement, the first and second hydraulic
cylinders are fixedly connected to respectively a
first and second tensioning disc around whichthe
respective first and second wire are guided, which
first and second tensioning discs, wires and cylinders
are located in a plane perpendicularly of the
transverse axis directly opposite each other on
respectively a first and second side of the spud
carriage. The first (respectively second) wire is for
instance guided from a first location on the spud
carriage above the transverse axis to a second
location on the spud carriage under the transverse
axis via the first (respectively second) tensioning
disc and one or more guide discs situated on the
second (respectively first) side of the spud carriage.
In the case of tilting around the transverse axis to
the second side the first wire is thus pulled out on
either side of the spud, while the second wire
slackens on both sides. This therefore forms a
symmetrical spring system on either side of the spud
carriage above and below the transverse axis. An
embodiment of this construction will be discussed in
detail with reference to figure 3 . In addition, the
first and second locations are for instance double
discs which are mounted on the spud carriage and along
which the first and second wire are guided, and the
first (respectively second) wire at an outer end on
the first (respectively second) side of the spud
carriage and at the other end on the second
(respectively first) side of the spud carriage is
connected to the vessel. The invention further relates
to an apparatus for accommodating a substantially
vertical spud of a dredging vessel, preferably
according to any of the foregoing claims, comprising a
spud carriage with two slide shoes for guiding the
spud carriage over two longitudinal beams, wherein the
spud carriage is mounted for limited rotation around a
horizontal transverse axis and for limited rotation
around a horizontal longitudinal axis. In order to
allow this, each slide shoe is fixedly connected to a
bush in which atransverse shaft part connected to the
spud carriage is received in each case with a
determined vertical play. A limited rotatability
around a longitudinal axis is after all possible due
to this play. The transverse shaft parts can rotate in
the spud carriage and must simultaneously be able to
transmit to the spud carriage considerable athwartship
forces and moments about an alongship axis of the
slide shoe. In a preferred 



embodiment two spherical bearings are employed for
this purpose per transverse shaft part. At least one
hydraulic cylinder is preferably arranged in each case
between each slide shoe and the spud carriage for the
purpose of damping the vertical movement of the
transverse shaft parts in the bushes of the slide shoe
during tilting around the longitudinal axis . This is
the vertical buffer function active during tilting of
the spud carriage back from a side to the upright
position. During tilting from the upright position to
one side the transverse or horizontal buffering is
active as specified below. The vertical buffering does
of course allow rotation of the spud carriage around a
longitudinal axis . In a preferred embodiment each
slide shoe is connected for this purpose to the spud
carriage by means of two vertical buffer cylinders,
one in front of and one behind the rotation point, and
the piston volumes and bottom volumes of the two
cylinders are connected to each other. The buffering
action of the cylinders in the vertical buffering is
obtained by connecting the bottom side on the one side
to an accumulator via a throttle valve and on the
other side to the tank via an overflow valve. The
combination of an overflow valve and a throttle valve
connected in parallel provides the desired damping.
According to a further developed embodiment, the spud
carriage is accommodated via a lower guide and an
upper guidein the bin, in each case with a limited
horizontal play in the transverse direction, whereby
the spud carriage is tiltable in limited manner around
a horizontal longitudinal axis, and the upper guide is
equipped with means for causing a horizontal buffering
during tilting around the longitudinal axis .
According to the preferred embodiment, these
horizontal buffer means comprise on each side of the
longitudinal axis in a horizontal plane an L-shaped
lever with pivot point on the spud carriage, a bumper
connected to a first leg of the lever and, connected
to the second leg of the lever, a piston of a
horizontal cylinder which is connected to the spud
carriage in the vicinity of the longitudinal axis.
When the spud carriage tilts about a longitudinal axis
and moves in the transverse direction toward the bin,
the lever provides for outward movement of the piston.
The piston side of the horizontal cylinders is
connected on one side via a throttle valve to an
accumulator and on the other side via an overflow
valve to the tank. The throttle valve and overflow
valve connected in parallel provide the desired buffer
characteristic or, in other words, for damping of a
movement around the horizontal longitudinal axis. The
invention will be further elucidated on the basis of a
number of non-limitative exemplary embodiments with
reference to the accompanying drawing, in which:
Figure 1 (A) is a side view; and 1 (B) a top view of a
cutter suction dredger; Figure 2 (A) is a side view
(in alongship direction) of a possible embodiment of
the apparatus according to the invention; Figure 2 (B)
is a front view (in athwartship direction) of a
possible embodiment of the apparatus according to the
invention;Figure 3 is a schematic view of the wire
system; Figure 4 shows a graph representing the wire
tension as a function of the elasticity/2 or of the
cylinder displacement; Figure 5 shows a simplified
diagram of a wire tension limiting means and wire
tightening means; Figure 6 shows a typical graph for
the maximum allowable spud point force P and spud
carriage moment M as a function of the depth; Figure 7
shows schematically the horizontal and vertical
buffering; Figure 8 shows a top view of the upper
guide and horizontal or transverse buffering; Figure 9
shows a cross-section of the upper guide and
horizontal or transverse buffering; Figure 10 shows a
hydraulic diagram for the cylinders of the transverse
buffering; Figure 11 (A) shows a longitudinal view,
and (B) a crosssection of the vertical buffer system;
and Figures 11 (C) and (D) show two possible positions
in which the buffer system can be situated; Figure 12
shows a hydraulic diagram for the cylinders of the
vertical buffer system. Figure 1 shows a typical
embodiment of a dredging vessel with cutter suction
head. The shown vessel comprises, among other parts, a
ladder 1 , a ladder winch 9 and two side winches 2 ,
an auxiliary spud 4 and a working spud 3 which is
accommodated in a spud carriage 6 . A cutter head 5 is
arranged on the outer end of ladder 1 , and suction
means are provided close to the cutter head which
consist substantially of a suction tube 10 and a pump
8 . The vessel further has a control cabin 7 , a deck
12 and a pressure line 11 through which the dredged
material is discharged.In such a cutter suction
dredger the working spud ensures that a fixed point is
formed around which the suction dredger can swing
during dredging. Limited steps forward are possible by
moving the spud carriage to the rear relative to the 



vessel, this typically taking place with a cylinder
which will be further described with reference to
figure 2 . When working spud 3 is situated in its end
position E , a step must be taken using auxiliary spud
4. Auxiliary spud 4 is herein lowered so that it
temporarily fixes the vessel relative to the bottom,
whereafter the working spud is raised and returned to
its starting position I . The working spud is then
fixed back into the seabed and the auxiliary spud is
raised. The apparatus according to the invention will
now be further elucidated on the basis of an
embodiment variant as shown in figures 2A and 2B.
Working spud 3 is accommodated in a spud carriage 6
which is connected to the vessel by means of a
horizontal longitudinal cylinder 13. The spud carriage
is further provided with a holding catch 16, a lifting
catch 17 and two lifting cylinders with disc heads 14,
15. These components enable lifting of the spud, but
will not be elucidated here since they do not form
part of the present invention. The spud carriage is
provided with two slide shoes 20 which can be guided
over two longitudinal guide beams 19 such that the
spud carriage is movable horizontally to a limited
extent by longitudinal cylinder 13 in the longitudinal
direction of the vessel. The spud carriage is further
mounted for rotation around a horizontal transverse
shaft 18 by means of bushes 21 mounted on slide shoes
20. The moment M on the spud carriage caused by a
longitudinal force Fl is absorbed by a system of steel
wires and discs as shown schematically in figure 3 . A
first spring means arranged between the vessel and
spud carriage 6 isformed by a first steel wire 40. At
one outer end 42 the first steel wire 40 is connected
to the vessel to the right of the transverse axis.
This first wire 40 is guided via a double disc 34
mounted on the spud carriage to a tensioning disc 30
which also lies to the right of the transverse axis
and from where the first wire is further trained
diagonally to the other second side of the spud
carriage along guide discs 36, 37, and is finally
guided over a second double disc 35 mounted on the
spud carriage and connected on the other second side,
to the left of the transverse axis, to the vessel at
the other outer end 44. In similar manner a second
wire 41 connected to the vessel at a first outer end
43 forms together with discs 34, 31, 38, 39 and 35 a
spring means between spud carriage and vessel which
acts in the opposite direction. The first and second
wires are held under bias by respectively a first and
second hydraulic cylinder 32, 33 which engage
respectively on first tensioning disc 30 and second
tensioning disc 31. During the dredging process a
ground reaction force Fl is typically exerted on the
spud point (see figure 2A) , whereby a spud carriage
moment M occurs. As a result of this moment the second
wire 41 is stretched elastically, while the first wire
40 loses elastic tension. This is further illustrated
by the graph in figure 4 , wherein the wire load F is
plotted as a function of the wire lengthening in range
1 , and as a function of the cylinder displacement in
range 2 . The wire is biased at a force Fv. In range 1
the wire behaves elastically, while in range 2 the
wire tension limiting means ensures that the wire does
not stretch further. Curve C shows the wire tension of
the wire which slackens. The wire tensioning means
(see further) ensure that the wire tension does not
fall below determined minimum value Fkrit .Hydraulic
cylinders 32, 33 are both provided with a spring force
limiting means, and in this embodiment thus a wire
tension limiting means which is shown schematically in
figure 5 . The spring force limiting means 50 comprise
a piston accumulator constructed from a cylinder with
free piston 51 and an accumulator 52. The bottom side
of hydraulic cylinder 32 is first brought to the
desired pressure, corresponding with the desired bias
in the wire, by means of an accumulator 56. When the
tension in the wires has reached a determined maximum
which depends on the pressure in the piston
accumulator, the free piston and the piston of
hydraulic cylinder 32 will then move to the left, and
the wire tension is in this way limited. When the
great wire tension falls away again, the cylinder
springs fully outward under the influence of the
piston accumulator. The maximum allowable wire tension
is typically a function of the dredging depth. Figure
b shows a typical graph for the maximum allowable spud
point force P and the associated maximum allowable
moment as a function of the depth. For smaller depths
the force must be limited to Fmax, this being a design
value for the system. For greater depths the spud
carriage moment becomes the critical value and the
maximum allowed spud force decreases in almost linear
manner with the depth. The maximum wire tension in
wire 40 is a measure for the maximum spud carriage
moment M , and this wire tension can thus be
controlled by adjusting accumulator 52 of wire tension
limiting means 52 to the appropriate pressure. When
the maximum allowed wire tension is reached, the
piston moves in the direction of the bottom and the
spud carriage can rotate through an additional angle
under the influence of the spud force moment around
the horizontal transverse axis. 



Owing to this additional tilting of the spud carriage
the reaction force of the ground on the spud will be
smaller thanif the carriage suspension were to remain
rigid. This system therefore limits the spud force
moment and the spud point force . When the wire
tension increases in one of the wires, for instance
second wire 41, the wire tension in first wire 40 will
simultaneously decrease. When a wire tension FN0M is
reached in second wire 41 (see figure 4), the tension
in first wire 40 has fallen to a critical value FKRIT
, below which value the first wire 40 becomes slack.
In order to avoid this there are provided spring
tensioning means, here in particular wire tightening
means, in order to maintain a minimum tension in the
wire. These consist here of a tensioning plunger 54
which is connected to an accumulator 55. With a
correct adjustment of the accumulator the tensioning
plunger 54 will extend when the wire tension falls
below a determined value FKRIT . Note that in the
embodiment of figure 2 four steel wires are provided,
two first and second wires counteracting each other on
starboard, and two wires counteracting each other on
port, which four wires are each guided along similar
disc assemblies 34,30,36,37,35 (or 34,31,38,39,35).
Figure 7 shows schematically the principle of the
horizontal and vertical buffering. When spud 3 tilts
around a horizontal longitudinal axis 80 under the
influence of an athwartship force Fd, in the
embodiment from port (BB) to starboard (SB), the
following then takes place: - lower guide 81 of spud
carriage b makes contact on SB with the vessel (see
arrow Pl) ; - upper guide 82 of spud carriage 6 is
pressed in on BB, whereby a horizontal cylinder 95 on
BB (see further in the description of figure 8 ) is
extended; on SB the upper guide 82 moves clear of bin
86 of the vessel. When the force Fd drops away, the
two cylinders will return slowly to theirinitial
position. This is the horizontal buffering with which
the forces between spud carriage and vessel, caused by
the athwartship component in the spud force, are kept
limited; - on BB the horizontal transverse shaft 18
rests in a bush 21 which is mounted on slide shoe 20
and consequently bears the full weight of the spud
carriage. The vertical cylinders 85 on BB are pressed
in (see arrow P3); - on SB the vertical cylinders 85
extend (see arrow P4) and thus ensure that slide shoe
20 remains in contact with longitudinal slide beam 19;
- when the athwartship force Fd falls away, the spud
carriage will return to its initial position wherein
the vertical buffer cylinders 85 provide for a damped
movement without abrupt contacts. This is the vertical
buffering. - Even when the spud carriage is tilted
athwartship, it must be able to slide over the
longitudinal slide beam. For this purpose the slide
shoe must remain over its whole surface in contact
with the longitudinal slide beam and not run on an
edge (line contact) . This "pivoting" is obtained by
mounting a (thick) rubber block between the steel
construction of the guide shoe and the actual slide
element making contact with the longitudinal slide
beam. With reference to figure 8 (A) the upper guide
82 will now be discussed in detail. On BB and SB the
spud carriage is connected for pivoting around a
vertical shaft 91 by means of a first arm of a
horizontal L-shaped lever 92 to a bumper holder 99
accommodating a bumper 90. The second arm of lever 92
is connected for pivoting around a vertical shaft 94
to one outer end of hydraulic cylinder 95 which is
connected on its other end to spud carriage 6 for
pivoting around a vertical shaft 96. Bumper holder 99
consists on the one hand of a balanced element which
pivots around shaft 91, whereby the bumper presses
along the whole length against the upperguide even if
the spud carriage were rotated through a small angle
about a vertical axis, and consists on the other hand
of the holder itself which can rotate around an
alongship axis relative to the balanced element,
whereby the bumper makes contact along the full height
with the longitudinal slide beam even when the spud
carriage is tilted to the side. Figure 8 (B) shows the
situation in which the spud carriage is tilted over
about 0.5 to SB and the spud carriage moves for
instance over 50 mm to SB at the position of the upper
guide. The second arm of lever 92 (SB) hereby moves
toward bin 86 (arrow PHl) and the piston of cylinder
95 (SB) is extended (arrow PCl) , while the second arm
of lever 92 (BB) moves away from bin 86 (arrow PH2)
and the piston of cylinder 95 (BB) can move inward
(arrow PC2) . These cylinders 95 are controlled by a
hydraulic circuit which is shown in simplified manner
in figure 10. The bottom sides of the cylinders are
connected in simple manner to an accumulator 115,
while the piston sides are connected to an accumulator
116. The pressure in accumulator 116 is lower than in
accumulator 115 such that the cylinders are fully
pressed in in the non-loaded situation of the spud
carriage, and the bumpers always move outward to the
maximum and thus make contact with the longitudinal
slide beams when the spud is standing upright. With
maximum buffering the active cylinder will move
further outward than the passive cylinder moves
inward, the lack of oil on the bottom side then being 



compensated by accumulator 115. This circuit will now
be explained assuming that the spud carriage tilts to
BB (situation of figure 7), wherein the BB cylinder is
extended. With a relatively slow movement of the spud
carriage, the oil begins to flow from the piston side
of cylinder 95 (BB) via throttle valve 110 to the
piston side of cylinder 95 (SB) and, when this latter
has moved fullyinward, to accumulator 116. When the
displacement of the spud carriage takes place more
rapidly, the pressure drop over throttle valve 110
will be so great that the oil flows away via overflow
valve 112 to the tank. The oil that has flowed away to
the tank can be compensated by a pump connected via a
pressure-reducing valve 113 to feed conduit 114 . Such
a hydraulic circuit thus allows effective damping of
both large and small athwartship forces and the
associated rapid and slow spud carriage rotations
around a longitudinal axis. The vertical buffering
will now be explained in detail with reference to
figure 11. As already explained in the description of
figure 2 above, the spud carriage must be mounted for
rotation around a transverse shaft 18 counter to the
spring force of the steel wires so as to be able to
absorb the alongship forces. In addition, the spud
carriage can typically tilt through about 0.5 to BB or
SB in order to absorb the athwartship forces . The
transverse shaft parts 18a, 18b on SB and BB must
herein be able to move a little upward relative to the
rest position, typically over about 50 mm. This is
made possible by the use of a particular main bearing
as shown in figures 11 (A) and (B) . The transverse
shaft part 18a is received at its outer ends with a
vertical play of typically about 50 mm in bushes 108,
109 which are fixedly connected to slide shoe 20. For
this purpose the transverse shaft parts 18a, 18b can
for instance be flattened on the top or a position of
the axis of symmetry relative to the bushes can be
chosen 50 mm lower than the position of the axis of
symmetry relative to the bearing housing in the spud
carrier. The central part of shaft part 18a is further
received in two spherical slide bearings 105 which are
fixedly connected to two vertical middle plates 104a,
b which are disposed parallel to the slide shoe and
are fixedly connected to the spud carriage by means of
pins 102 and aseries of bolts 106. This arrangement
allows athwartship forces on the slide shoes to be
transmitted to the spud carriage. The flange 104a is
connected to slide shoe 20 by means of two cylinders
100 on either side of horizontal transverse shaft 18,
wherein the outer ends of the cylinders are connected
for pivoting around respective transverse shaft 101
and 103 to respectively middle plate 104 and slide
shoe 20. The purpose of these vertical buffer
cylinders is to limit the force with which shaft parts
18a, 18b come to lie in the bushes of the slide shoes.
This is achieved by controlling the cylinders with the
hydraulic circuit shown in figure 12 . When the spud
carriage tilts back from BB (situation of figure 7 )
to SB, the cylinders on SB then move inward, wherein
oil flows by means of throttle valve 135 from the
bottom side of the SB cylinders to accumulator 134. If
the movement takes place quickly, the pressure drop
over the throttle valve will then become so great that
the oil flows away over overflow valve 130 to the
tank. In both cases energy is destroyed and damping is
achieved. Overflow valve 131 protects both cylinders
against pressures which are too high. The oil which
flows via overflow valve 130 to the tank is carried
back into the conduits via reducing valve 132 using a
pump. Pressure relief valve 133 protects accumulator
134 against too high a pressure. The invention is not
limited to the above described exemplary embodiments,
but on the contrary includes all variants which can be
envisaged by an average skilled person, and the scope
of the invention is defined solely by the following
claims. Finally, the invention can likewise be applied
for specific floating islands where the same principle
- better bend than break - applies.CLAIMS 1 .
Apparatus for accommodating a substantially vertical
spud (3) of a dredging vessel with a longitudinal
direction, comprising a spud carriage (6) which is
mounted for limited rotation around a horizontal
transverse axis (18), characterized in that - at least
a first and a second spring means (40, 41) is arranged
under bias between vessel and spud in the longitudinal
direction for the purpose of absorbing a moment on the
spud carriage, which first and second spring means
compensate each other in the non-loaded situation of
the spud; and that - at least one spring means is
provided with a spring force limiting means (50) for
limiting the tension in said spring element from a
determined maximum moment on the spud carriage . 2 .
Apparatus as claimed in claim 1 , characterized in
that the first and second spring means are connected
by means of respectively a first and second hydraulic
cylinder (32, 33) to the vessel for the purpose of
applying the desired bias. 3 . Apparatus as claimed in
claim 2 , characterized in that 



the spring force limiting means (50) comprises a
piston accumulator (51, 52) which is connected to the
corresponding hydraulic cylinder. 4 . Apparatus as
claimed in any of the foregoing claims, characterized
in that spring tensioning means (54, 55) are provided
for increasing the tension in at least the second
spring means when the spring force therein is lost. 5
. Apparatus as claimed in claims 2 and 4 ,
characterized in that the spring tensioning means
comprise a tensioning plunger (54) arranged in the
piston rod of the hydraulic cylinder and an
accumulator (55) co-acting therewith.6 . Apparatus as
claimed in any of the foregoing claims, characterized
in that the first and second spring means are biased
first and second wires, preferably steel wires. 7 .
Apparatus as claimed in claims 2 and 6 , characterized
in that the first and second hydraulic cylinders are
fixedly connected to respectively a first and second
tensioning disc (30, 31) around which the respective
first and second wire are guided, which tensioning
discs are located in a plane perpendicularly of the
transverse axis directly opposite each other on
respectively a first and second side of the spud
carriage . 8 . Apparatus as claimed in claim 7 ,
characterized in that the first (second) wire is
guided from a first location on the spud carriage to a
second location on the spud carriage via the first
(second) tensioning disc (30; 31) and one or more
guide discs (36, 37; 38, 39) situated on the second
(first) side of the spud carriage. 9 . Apparatus as
claimed in claim 8 , characterized in that the first
and second locations are double discs (34; 35) which
are mounted on the spud carriage and along which the
first and second wire are guided, and that the first
(second) wire at an outer end on the first (second)
side of the spud carriage and at the other end on the
second (first) side of the spud carriage is connected
to the vessel. 10. Apparatus for accommodating a
substantially vertical spud of a dredging vessel,
preferably as claimed in any of the foregoing claims,
comprising a spud carriage with two slide shoes for
guiding the spud carriage over two longitudinal beams,
wherein the spud carriage is mounted for limited
rotation around a horizontal longitudinal axis (80),
characterized in that each slide shoe (20) is fixedly
connected to a bush (21) in which a transverse shaft
part(18) connected to the spud carriage is received in
each case with a determined vertical play. 11.
Apparatus as claimed in claim 10, characterized in
that the transverse shaft parts (18a, b ) are
connected to the spud carriage by means of spherical
bearings. 12. Apparatus as claimed in claim 10 or 11,
characterized in that at least one hydraulic cylinder
(85) is arranged in each case between each slide shoe
(20) and the spud carriage for the purpose of damping
the vertical movement of the transverse shaft parts
(18) in the bushes (21) during tilting around the
longitudinal axis. 13. Apparatus as claimed in any of
the previous claims, wherein the spud carriage is
accommodated via a lower guide (81) and an upper guide
(82) in the bin (86) , in each case with a limited
horizontal play in the transverse direction, whereby
the spud carriage is tiltable in limited manner around
a horizontal longitudinal axis, characterized in that
the upper guide is equipped with means for causing a
horizontal buffering during tilting around the
longitudinal axis. 14. Apparatus as claimed in claim
13, characterized in that the horizontal buffer means
(92) comprise on each side of the longitudinal axis a
lever with pivot point on the spud carriage, a bumper
(90) connected to a first leg of the lever and,
connected to the second leg of the lever a horizontal
cylinder (95) which is connected to the spud carriage
in the vicinity of the longitudinal axis. 15.
Apparatus as claimed in claim 14, characterized in
that each cylinder (95) is coupled to a hydraulic
circuit for damping a movement around the horizontal
longitudinal axis. 16. Apparatus as claimed in claim
15, characterized in that the hydraulic circuit
between the two horizontalcylinders (95) comprises a
parallel connection of a throttle valve and an
overflow valve. 17 . Cutter suction dredger comprising
an apparatus as claimed in any of the foregoing claims
. 


