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Methods for Determining A P:gggosis in Multiple Myeloma

Field of the Invention

The present invention relates to methods for determining a
prognosis in multiple myeloma, and in particular to methods that
are capable of identifying patients with a poor p;ognpsis. These
methods may be useful for determining the likelihood of a patient
responding to a particﬁlar treatment and for helping to determiné

appropriate treatments for patients with multiple myeloma.

Background of the Invention

Multiple myeloma is the second most prevalent blood cancer (10%)
after non-Hodgkin's lymphoma and represents approximately 1% of
all cancers and 2% of all cancer‘deaths. . Although the peak age
of onset of multiple myeloma is 65 to 70 years of age, recent
statistics indicate both increasing incidence and earlier age of
onset. While multiple myeloma is regarded as incurable,. there
are a range of treatments, including chemotherapy and stem cell
transplantation, that haﬁe been shown to‘signifiéantly extend
patient survival such that survival post diagnosis is presently

about three years.

While there have been significant improvements in the treatment
of myeloma, there remains a ciinical need to identify high risk
(HR) patients for whom alternate treatment strategies can be
explored. The International Staging System (ISS) does this for
groups of patients and is based on clinical factors which are
surrogates for disease biology. Chromoscmal ahalysisroffers an
alternative strategy and_both cytogenetics and fluorescent in
situ hybridisation (FISH) can be uséd to groﬁp myeloma into

4 It can

biologically relevant prognostically important groups.!”
be conqluded that perhaps the most clinically important
deletion;l event is loss of 17p and, while del(13) ,identified by
cytogenetics has been suggested to have a -poor prognosis, it is
not so important when identified by FISH. Translocations into
the IgH locus are associated with distinct disease subgroups and

the t(4;14) has a poor prognosis and the t(11;14) a good
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prognosis, but within each of the groups there is variability in
clinical outcome such that on their own they lack specificity in

defining high risk cases.

It therefore remains a problem in the art to identify patient
groups with multiple myeloma, in particular those patients with
high risk myeloma and poor prognosis, so that treatment can be

tailored to those groups.

Summary of the Invention

The present inventors have developed a new approach to
identifying patient groups with multiple myeloma, by combining
analysis of genetic change taking place during disease
progression with global expression analysis. The inventors have
shown the‘surprising importance of alterations in nefworks of
gene expression in predicting clinical outcome in multiple
myeloma. In particular, the inventors have shown the importance

of alterations in expression of cell death genes.

Broadly, the present invention is based on the application of
array based technologies to characterize regions of copy number
variation relevant to the pathogenesis of myeloma. Based on the
results of these initial studies, the present inventors
investigated the full range of genes inactivated by the loss of
genetic material occurring during disease progreésion as a means
to identify genes and gene expression signatures with prognostic
significance. Homozygous deletions (HDels) are particularly
relevant in this respect, as by definition they contain genes

that are inactivated on both alleles.

Accordingly, the present invention is based on experiments in
which 500K high density arrays (2.5 kb resolution).wefe used to
identify the location and frequency of HDels in presenting
patient samples collected from a randomized clinical trial. In
combination with global gene expression data, the number of
target genes was filtered with the>aim of identifying key

pathologically relevant signatures and pathways.
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The present inventors used homozygous deletions affecting genes
in the Gene Ontology (GO) defined cell death genes to identify a
patient group with poor prognosis, and used this to define a more
generally applicable cell death expression signature (a 97 gene
signature) which was further validated in two additiocnal lérge
data sets. Surprisingly, the 97 gene signature could be used to
identify dysreguation of the cell death gene network (and thereby
identify high risk patients) in samples without known homozygous
deletions. Significantly, the present inventors unexpectedly
found that it is possible to identify the same high risk cases
with high specificity using only three pairs of genes from the 97
gene signature, thereby providiné a readily applicable test for

identifying high risk myeloma patients.

The present inventors found that‘in myeloma samples having HDels
in cell death genes, the expression of 97 cell death genes is
altered. Dysregulated expression of thesé 97 genes forms a cell
death expression signature, which is associated with poor

prognosis in multiple myeloma.

The present inventors found that the 97 genes clustered into two
expression groups, .a high expressor'gene group and a low '
expressor gene-group (Table 1). It was found that the relative
expression levels of genes in a gene pair, wherein a gene pair
consists of one high expressor gene and one low expressor dgene,
could be used to determine the prognosis of an individual having
multiple myeloma. The surprising discovery that the relative
expression levels of a limited subset of genes from the 97 gene
signature can be used to sensitively predict poor prognosis in
multiple myeloma provides a relatively guick, simple and
sensitive way of assigning individuals with multiple myeloma

pétients to a high risk (poor prognosis) patient group.

Importantly, the present inventors discovered the prognostic
significance of three gene pairs, forming a “six gene signature”.

These three gene pairs. were: BUBIB and HDAC3; CDC2 and FIS1; and
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RAD21 and ITM2B (high expressors and low expressors
respectively). The present study showed that if the expression
of the high expressor is greater than or equal to the expression
of the low expressor (a high expression:ratio) for any one of
these three gene pairs in a sample from a myeloma patient, this

is associated with a poér prognosis for that patient.

Accordingly, in a first aspect, the present invention provides a
method for determining a prognosis for an individual having
multiple myeloma, the method comprising:

determining the expression signature status of cell death
genes in a sample obtained from the individual; and

using the expression signature status to determine a

prognosis for the individual.

In particular, the present invention provides a method for
determining a prognosis for an individual with multiple myeloma,
the method comprising: v
determining the expression signature status of cell death
genes in a sample obtained from the individual, comprising;
determining the relative expression in the sample of each
gene in one or more of the following gene pairs:
a) the gene pair in which the first gene is BUBIB -and the
second gene 1is HDAC3,
bi thé gene pair in which the first gene is CDC2 and the
second gene is FISI,
c) the gene pair in which the first gene is RAD21 and the
second gene is ITMZ2B,
and,
using the expression signature status to determine the

prognosis for the individual.

The present invention further provides a method as described
above wherein the expression signature status is used to
determine the prognosis for the individual by assigning the
individual to a high risk group if, for any one of the gene

pairs, expression of the first gene is greater than or equal to
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expression of the second gene.

In a preferred embodiment, the present invention provides a '
method determining a prognosis for an individual having myeloma,
wherein the individual is assigned to a high risk group if
expression of BUBIB is greater than or equal to expression of

HDAC3 in a sample obtained from the individual.

The invention further provides a method of determining a
prognosis for an individual, wherein the individual is assigned
to a high risk group if, in a sample obtained from the
individual, expression of BUBIB is dgreater than or equal.to
expression of HDAC3, and the expression of a cell death gene
belonging to a high expressor group is greater than or equal to
expression of a cell déath gene belonging to a low expressor
group. Methods of identifying expressor groups .and gene pairs

useful in determining prognosis are described in detail below.

In a preferred embodiment, the invention also provides a method
determining a prognosis for an individual, wherein the individual
is assigned to a high risk group if expression of BUBIB is
greater than or equal to expression of HDAC3, and expression of
CDC2 is greater than or equal to expression of FIS1, and/or
expression of RADZ1 is greater than or equal to expressioh of

ITMZB.

Methods of determining the expression signature status of cell
death genes, and of determining the relative expression of genes

in gene pairs are described in more detail below.

The present inventors found that myeloma samples having a
homozygous deletion in particular cell death genes were

associated with poor prognosis.:

Accordingly, in a further aspect, the present invention provides
a method for determining a prognosis for an individual with

multiple myeloma} the method comprising:
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determining whether the patient has a homozygous deletion in
any one of the following cell death genes:

FAF1, CDKN2C, CTSB, TNFRSF10B, TNFRSF10D, BIRC2, BIRC3, ESRI,
PLAGL1, SGK, EMPl, FGFl4, FOx0l, TFDP1, KRT18, and

wherein the presence of a homozygous deletion indicates a

poor prognosis.

In a further aspect, the present invention provides a method for

identifying an expression signature of cell death geneé, the
~status of which signature is suitable for determining a prognosis

for an individual having multiple myeloma, the method comprising:

a) obtaining tumour cell samples from a set of individuals
having multiple myeloma,

b) identifying homozygous deletions in the samples,

c) determining which genes having homozygous deletions are cell
death genes, '

d) identifying samples having homozygous deletions in cell
death genes, and determining which genes are differentially
expressed in the identified samples relative to the samples
which do not have homozygous deletions in cell death genes,

e) identifying which of the differentially expressed genes is
itself a cell death gene,

f) performing hierarchical cluster analysis on the sample set,
to determine whether differential expression of the genes
identified in step (e)‘is associated with altered overall
survival and/or progression-free survival 6f individuals in
the set, and

g) assigning the genes identified in step (e) to a gene
expression signature if their differential expression is
associated with altered overall survivial and or progression

free survival in step.

The present inventors developed the above method and used it to

identify the 97 gene signature.

In a further aspect, the invention provides a method of obtaining

a refined expression'signature for cell death genes, the status
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of which signature is suitable for determining a prognosis for an
individual having multiple myeloma, thg method comprising:

(a) identifyiné an expression signature of cell death genes
according to the above described the method, '

(b) performing hierarchical cluster analysis on the expression
of genes in the expression signature to cluster the genes
into an A group and a B group, each group having a
distinct expression pattern

(c) identifying pairs of genes, each pair comprising a first
gene from the A group and a second gene from the B group

(d) determining for each sample in a set of samples obtained
from individuals having myeloma the relative expression
of each gene in a plurality of gene pairs,

(e) classifying each gene pair for each sample as “high ratio”
1f expression of the gene from group A is greater than or
equal to expression of the gene from group B in the
sample, or “low ratio” if the expression of the gene from
group A is less than expression of the gene from group A
in the sample, and,

(£) performing statistical analysis to determine whether a
gene pair having a high ratio or low ratio in a sample is
associated with altered overall survival and/or
progression free survival for the individual from which

the sample was obtained.

The present inventors used the above method to cluster genes from
.the 97 gene signature into a group of high expreséor genes and a
group of low expressor genes. Gene pairs comprising one high
expressor and one lpw expressor gene were generated and their
relative expression determined in each sample of a s€t of samples
obtained frdm myeloma patients. A high ratio of expression (i.e.
expression ratio.of high expressor versus low expressor gene
greater than of equal to 1) for any one of three gene pairs was
assocated with poor prognosis (lower median OS and PFS). The
three gene pairs identified in this way form the six gene

signature.
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The above described method may be performed in order to identify
additional gene pairs for which a high ratio in a sample is
associated with poor prognosié. In particular, the above
described methecd may be used (possibly on other myeloma sample
sets, preferably on larger myeloma sets) to refine the 97 gene
signature to identify further gene pairs having prognostic value.
These gene pairs may be used in combination with one or more gene
pairs from the six gene signature in order to determine a

prognosis for a myeloma patient.

The terms “high expressor”, “high expressor gene”, “high
expressor cluster”, “high expressor cell death gene cluster” and
“high expressor group” refer to those genes identified in Table 1
as belonging to the high expressor class. Similarly, the terms
“low expressor, “low expressor gene”, “low expressor cluster”,
“low expressor cell death gene cluster” and “gene from a low
expressor group” refer to the genes identified in Table 1 as

belonging to the low expressor class.

The term “cell death gene” when used herein refers to a gene
which is identified as having a functidﬁ in a cell death
pathways. 1In particglar the term “cell death gene” refers‘to a
gene identified using Gene Ontology (GO) annotation as a gene
involved in a cell death pathway. The GO term “cell death”

. includes autolysis and programmed dell death, programmed cell
death is an umbrella term that includes both apoptotic and

noh—apoptotic programmed cell death.

Patients assigned to a high risk patient group have a poor
prognosis. A patient having poor prognosis is expécted to\have a
‘shorter overall survival (0S) and/or a shorter progression fee
survival (PFS) relative to a control group. In pa;ticular,
tatient groups having a poor prognosis have, or aré expected to
have, a lower median OS and/or PFS than a control group. In the
present study, control groups comprised myeloma patients that did
not have particular HDels and/or were not pqsitive for the 97

gene signature or thé 6 gene signature.
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The terms “97 gene signature”, “97 gene list” and “97 genes”
refer to the group of céll_death genes identified by the present‘
inventors has having altered expression in myeloma samples having
homozygous deletions in cell death genes (see Table 1). The term
“98 gene signature” may be used to refer to the 97 gene signature
(the 97 gene signature includes the cell death genes CDKN2C and
FAF1l, which may be difficult to distinguish using the SNP mapping
methods described herein and can therefore be considered as one

entity).

The terms “six. gene signature”, “six gene list” and “six genes”
and “three gene pairs” all refer to the group of cell death genes
consisting of the following three gene pairs: BUBI1B and HDAC3;
CDC2 and FISI1; and’RADZl‘and ITM2B. A sample in which the
expression of the first gene is greater than expression of the
second gene for any one of the three pairs is‘positive for the
six gene signature. The present inventors found thét individuals
whose samples were positive for the six gene signature had a poor
prognosis relative to individuals negative for the six gene

signature.

The term “expression ratio” refers to the ratio of expression
levels in a sample of a high expressor gene versus a low.
expressor gene in a particular gene pair. In particular, it
refers to the>ratio of the amount of high expressor gene mRNA
versus low expressor gene mRNA in a sample. The expression ratio
is used as indicator . of the relative expression of high expressor
and low expressor genes. In the methods of the present invention
an expression ratio (R) of greater than or equal to 1 (R 2 1)
indicates that there is more high expressor mRNA than low
expressor mRNA in a sample, this may be referred to as a “high
ratio” for that gene pair, indicating a “positive” result for the

sample tested.

Preferably, a high ratio is a greater than 1.0 (R > 1), i.e. the

ratio of expression of the high expressor gene versus the low
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expressor gene in a gene pair 1is more than 1.0. More preferably a
high ratio is greater than 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7,
1.8, 1.9, 2.0, 2.5. 3.0, or 5.0.

The present invention includes the combination of the aspects and
preferred featureé'described except where such a combination is
clearly impermissible or is stated to be expressly avoided.
Embodiments of the present invention will now be.described by way
of example and not limitation with reference to the accompanying

figures.

Brief Description of the Figures

Figure 1. Schematic of the filtering process to identify
homozygous deletions important in myeloma, along with the number

of SNPs, regions, or genes identified at each step.

Figure 2. Positions of homozygously deleted genes on the genome.
Genes with HDel in at least 2 samples with loss of expression in

‘all HDel samples and genes HDel in at least 5% of samples.

Figure 3. Kaplan-Meier survival curves for samples with deletions
of a Cell Death gene (lower curves, grey) against those without
in Myeloma IX (upper curves, black). Top panel shows OS - overall
Survival (days), bottom panel shows PFS -~ progression-free
survival (days). Median 0OS with deletion 26 months, without 47
months. OS Log rank p = 0.0153 (Nge1l death deletion = 24, Nyithour = 60) .
Median PFS with deletion 14 months, without 33 months. PFS
Logrank p = 8.59 x 107" (PFS Neels deatn detetion = 24, Nusthour = 60) .

Figure 4. Schematic of the processes using homozygous deletiongs

(HD) in cell death genes to identify the 97 gene signature.

Figure 5. Survival curves for samples with altered expression of
the 97 gene signature (lower curves, dgrey) against those without
altered expression of the 97 gene signature (upper curves, black)
in Myeloma IX. Top panel shows 0OS ~ Overall Survival (days),

bottom panel shows PFS - Progression-Free survival (days).

10
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Median OS in altered expression cluster 33 months, others 48
months. 0S8 Logrank p = 6.67 x 1072 (Nceii geath cluster = 85,

Nothers = 173). Median PFS in altered expression cluster 15
months, others 23 months. PFS Logrank p=0.0357 (Ngeii death
cluster = 85, Nothers = 173).

Figure 6. Survival curves for samples with altered expression of
the 97 gene cell death signature (lower curves, grey) against
those withoutAaltered expression of the 97 gene signature (upper
curves, black), in GSE9782. Top panel shows OS - Overall Survival
{months), bottom panel shows PFS - progression-free survival
(months). Median 0OS in altered expression cluster 8 months,
others 21 months. OS Logrank p= 2.66 x 107 (Ngeii death cluster = 18,
Nothers = 246) . Median PFS in altered expression cluster 2 months,
others 5 months. PFS Logrank p = 0.00153 (Ngeil death cluster = 18,
Nothers = 246) .

Figure 7. . Suryival curves for samples with altered expression of

the 97 gene cell death signafure (lower curves, grey) against

those without altered expression of the 97 gene signature (upper
- curves, black) in GSE2658. Panel shows 0S - Overall Survival

(months). Median OS in altered expression cluster 58 months,

others >70 months. O0S Logrank p = 3.16 x 107" (Nce11 geatn

cluster = 117, Nothers = 442).

Figure 8. Venn diagram showing the overlap of predictions

between UAMS -70, IFM 15 and our 97 gene éignature.

Figure 9. Schematic of the process used to identify the six gene

signature.

Figure 10. Survival curves for samples positive for the six gene
signature (lower curves, grey, “regressed”) against those
negative for. the six gene signature {(upper curves, black, “not”)
in Myeloma IX. OS -~ Overall Survival (days). Median OS with the
signature 12 months, without 45 months. Logrank p =-2.9 x 107°

(Nsix gene sig — 171 Nothers = 241) .

11
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Figure 11. Survival curves for samples positive for the six gene
signature {lower curves, grey, “regressed”) against those
neéative for the six gene signature (upper curves, black, “not”)
in GSE9782 (top panel) and GSE2658 (bottom panel). 0SS - Overall
Survival (months). Median OS in GSE9782 with signature 12 months,
without 23 months. Logrank p = 1.57 x 107 (Ngix gene sig = 108,
Notnars = 156) . Median 0S in GSE2658 with signature 46 months, °
without >70 months. Logrank p = 2.94 x lO*‘(Nﬂxg%esm:= 106,
Nothers = 453) .

Detailed Description

Multiple myeloma

Multiple myeloma (also known as- MM, myeloma, plasma cell myeloma,
or as Kahler's disease) is a type of cancer of plasma cells which
are immune system cells in bone marrow that produce antibodies.
Myeloma is‘regarded as incurable, but remissions may be induced
with steroids, chemotherapy, thalidomide and stem cell
transplants. Myeloma is part of the broad group of diseases

called hematological malignancies.

Treatment for multiple myeloma is focused on disease containment
and suppression. If the disease is completely asymptomatic (i.e.
there is a paraprotein and an abnormal bone marrow population but

no end-organ damage), treatment may be deferred.

In addition to direct treatment of the plasma cell proliferation,
bisphosphonates (e.g. pamidronate or zoledronic acid) are
routinely administered to prevent fractures and erythropoietin to

treat anaemia.

Initial treatment of multiple myeloma depends on the patient’s
age and comorbidities. In recent years, high-dose chemotherapy
with hematopoietic stem-cell transplantation has become the
preferred treatment for patients under the age of 65. Prior to
stem-cell transplantation, these patients receive an initial

course of induction chemotherapy. The most.common induction

12
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regimens used today are thalidomide-dexamethasone, bortezomib
based regimens, and lenaliaomide—dexamethasone. Autologous stem
cell tfansplantation, the transplantation of a patient’s own stem
cells after chemotherapy, is the most common’type of stem cell
transplantation for multiple myeloma. It is not curative, .but
does prolong overall survival. Allogeneic stem cell
transplantation, the transplantation of a healthy person’s stem
cells into the affected patient, has the potential for a cure,
but is only available to a small percentage of patients.
 Furthermore, there is a 5-10% treatment-associated mortality

rate.

Patients over age 65 and patients with_significant concurrent
illness often cannot tolerate stem cell transplantation. For
these patients, the standard of caré has been chemotherapy with
mélphalan and prednisone. Recent studies among this population.
suggest improved outcomes with new chemotherapy regimehs.
Treatment with bortezomib, melphalan and prednisone had an
estimated overall survival of 83% at 30 months, lenalidomide plus
low-dose dexamethasone an 82% survival at 2 years and melphalan,
prednisone and lenalidomide had a 90% survival at 2 years. Head-

to-head studies comparing these regimens have not been performed.

‘The present invention relates to methods for determining the
prognosis for an individual having multiple myeloma. The results
provided herein- demonstrate that altered expression of genes
involved in cell death pathways is correlated with poor prognosis
in multiple myeloma. 1In particuiar, the results provided herein
demonstrate that altered expression patterns of genes beloﬁging
to a six gene signature of cell death gehes are correlated with

poor prognosis in multiple myeloma.

The determination of altered or dysregulated expression of cell
death genes may involve determining the absolute br relative
amount of mRNA for that éene ih a sample (i.e. the amount of mRNA
transcribed from that gene, which may be referred to as the

amount of mMRNA corresponding to that gene). Methods for doing

13
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this are well known to the skilled person. By way of example
they include (i) using a labelled probe that is capablé of
hybridising to a cell death gene mRNA; (ii) using PCR involving
one or more primers based on a Eell death‘gene sequence, in
particular using quantitafive PCR methods; (iii) using
commercially available or custom-built microarrays; (iv) Northern
blotting; (v) serial analysis of gene expression (SAGE); and (vi)

high throughput sequencing technologies.

Other methods of detefmining levels of gene expression are well
known in the art and include methods of measuring amounts,
concentrations or rates of synthesis of a protein encoded by the
gene of interest. By way of example, such methods include (i)
using a binding agent capable of specifically binding to a cell
death prdtein, or a fragment thereof, in particular using an
antibody capable of specifically binding the protein or fragment
thereof. The antibody may be labelled to enable it to be
detected or capable cof detection following reaction with one or
more further species, for example using a secondary antibody that
is labelled or capable of producing a detectable result, e.g. in
an ELISA type assay or Western blot; (ii) using
immunohistqchemical (IHC) analysis carried out on paraffin fixed
samples or frozen tissue samples, this generally involves
staining the samples to highlight the presence and location of

protein.

Preferably, determination of altered expression of cell death
genes is carried out by extracting RNA from a sample of myeloma
célls, such as plasma cells from the bone marrow of an individual
having multiple myeloma. The amount of RNA is then determined
using PCR-based methods. Preferably quantitative PCR techniques
using fluorigenic probes are ﬁsed, as they are suitable for
simultaneously analysing the expression of a plurality of
different genes in a single sample. Such techniques are well

known in the art, e.g. Tagman®-based techniques.

14
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Preferably, the relative expression of each gene in a gene pair
is determined, wherein a gene pair comprises a first gene
selected from a high expressor cell death gene cluster, and a
second gene selected from a low expressor cell death gene cluster
(Table 1) . Conveniently, RNA may be extracted from a sample of
myeloma cells, which‘may be cells taken from a patient sample and
then selected for CD 138+ cells, for example by immunomagnetic
enrichment using commercially available magnetic beads linked to
= anti-CD138 antibodies. The RNA is used tolmake cDNA by reverse
transcription. An aliquot of this cDNA is then combined with
Tagman® reagents - a set of primers and probes fqr each gene of
the gene pair. The probes for each respective gene in the gene
pair may be different colours, and thus amounts of cDNA for each
gene can be measured independently in the same reaction. With
such methods it is not necessary to use control genes, since each
gene of the pair is in the same reaction. It is also not |
necessary to measure the absolute level of each of the genes,
because‘fhe reactions are combined. This reduces compiexity and

the possibility of error.

Once the threshold value has been determined for the
amplification reactions for both genes of the gene pair a cyéle
threshold value (Ct) for each gene- can be determined. The Ct is
the number of PCR cycles at which a s?gnificant exponential
increase in fluorescence is detected, and which is directly
correlated with the number of copies of DNA template present in
the reaction. These Ct values can be used to determine the

expression ratio of the genes.

Once the quantitative PCR reaction is optimized, examination of
the amplification curve for each respective gene in the gene pair
may be used to determine the results (i.e. the relative gene
expression of each gene in a gene pair) without the step of
calculating an expression ratio. For instance if a high
expressor gene from the six gene signature (such as BUBIB)
amplifies aboVve a threshold value first (i.e. before its

respective low expressor gene, in this case HDAC3) then there is
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more cDNA for the high expressor gene than for the low expressor
gene in the sample i.e. a positive result, indicative of poor

prognosis.

A prognosis obtained using the methods of the present invention
may help to determine treatment of a myeloma patient. In
particular, methods relating to the six Qene signature identify
high-risk patients, who have a poor prognosis regardless of
therapies assessed (this includes different therapies in the
validation data sets GSE9782 and GSE2658). In the Myeloma IX
patient group the prognosis for patients positive for the six
gene signature was much worse than those negative for the six
gene signature (12 months median overall survival versus 45

months for those without) (Figure 10).

Multiple myeloma patients positiye for the six gene signature may
respond better given a certain chemotherapy that those without.
This can be determined by a randomized clinical trial. It is
possible that for patients who are positive for the six gene
signature, conventional chemotherapy or an intensive chemotherapy
regime may not improve prognosis. In which case alternative
treatments could be used such as auto-graft, where a patientfs
bone marrow blood stem cells are removed, and the'patient is then
given ablative chemotherapy, followed by return of their own stem
cells. In addition, patients with a donor. sibling or close match
could be given an allograft bone marrow transplant. Patients who
are positive for the sik gene signature may have a poor prognosis
regardless of therapies used, in which caee determination of a
negative result for the six gene signature may indicate that a
patient’s prognosis is more likely to improve in response to

therapies such as conventional chemotherapy.

Materials and Methods

Patient Samples
Bone marrow aspirates were.obtained from newly diagnosed patients
with multiple myeloma, entered into the MRC myeloma IX study,

after informed consent. The trial recruited 1970 patients and
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comprised two broad arms one for older and less fit patients and
. the other for younger fitter patients. All younger patients
received autologous transpléntation following induction with
either CTD or CVAD. Older patients were treated with either CTD
or Mf. All patienfs were offered randomization to thalidomide
maintenance or no maintenance. Patients in this analysis were
representative of the trial in general and the trial patients

behaved as would be expected.

Plasma cells were selected to a purity of >90% using CD138
microbeads and magnet-assisted cell sorting (Miltenyi Biotech,
Bergisch Gladbach, Germany). Selected cells were split for
analysis by FISH and for extraction of RNA and DNA. FISH was
performed using standard approaches. RNA and DNA were extracted
using commercially available kits (RNA/DNA mini kit or Allprep
kit, Qiagen, Crawley, UK) according to manufacturers’
instructions. Matched germline DNA from the 84 patients was also
extracted from peripheral white blood cells, using the Flexigene

kit (Qiagen).

Genome Mapping and Expression analysis

DNA and RNA were prepared for hybridization to the GeneChip
Mapping 500K Array set and the U133 Plus 2.0 expression Genechip,
respectively (Affymetrix, Santa Clara, CA) according to
manufacturers instructions, and have previously been

d.%%?® Analysis of mapping array data were performed as

describe
previously described using GCOS, GTYPE, dChip and CNAG. The
expression levels were generated using dChip (Apr 2007), using
the default perfect match/mismatch calculations and median

normalization.

Copy number analysis

SNP genotypes were obtained using Affymetrix GCOS software
(version 1.4) to obtain raw feature intensity which was then
processed using Affymetrix GTYPE software (version 4.0) to derive
SNP genotypes. Multiple samples were analyzed together using
output from GCOS and GTYPE using dChip.** The matched control
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samples were assigned a copy number of two and used as a
reference set to calculate copy number in tumor samples. Median
smoothing with a-window size of 11 was used to infer copy number
along.each chromosome. All results were verified using outputé
from CNAG.'? To increase' the accuracy of detection of acquired
HDels in the tumor we also performed 500K mapping arrays on
paired peripheral blood DNA from the same patients. This
approach minimizes copy-number variation between samples, and
reduces false positive deletions which may be present in the
germ-line DNA that are not acquired in the tumor. The paired
tumor-control copy number data were inferred using‘dChip (April
2007) . The data were genefated using the default median

smoothing method with an 11 SNP window.

Homozygous Deletion Analysis

A dChip inferred copy number threshold value of 0.93 was used to
identify Homozygous deletions (HDels). This number was derived
by looking at the distribution of inferred copy number values for
a range of SNPs across chromosome'l3,‘in 19 cases where FISH
indicéted monosomy of chromosome 13. This distribution was used
to identify the lower boundary of HDels (copy number 1).

Anything falling below the lower'boundary, by definition, have
less than 1 copy and so be a HDel. The lower boundary was
defined as the bottom 1% of the distribution, which was
calculated as 0.93, therefore, anything below 0.93 should be an
HDel. The dChip method used is highly sensitive but tends to
over-predict copy number changes.'®> In order to compensate, in
part, for this sensitivity we defined a deletion as having to be
at least two SNPs below the threshold level. 1In order to
maintain some sensitivity we added a window of 3 times the median
"distance between SNPs in the genome (5.8 kb on the 500K array).
This 17.4 kb window allows intervening SNPs to go above the
threshold as -long as they are surrounded by SNPs that are deleted‘»
(<0.93). Comparisons between data sets that both allowed and
rejected regions of deletion that had intervening SNPs showed
that having the window increases sensitivity to regions that are

known to have HDels in myeloma. HDels were further filtered by
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integration with expression array data to identify HDels which

affect expression of genes,

Survival analysis

Kaplan-Meier survival curves calculated using Bioconductor and
the survival package. The difference between curves was tested
using the Logrank test again using R. A threshold of
significance was taken as p<0.05. The relationship between
common prognostic factors such’as B2M, age, t(4;14) and del (13)
and survival has been analysed using univariate Cox regression.
In addition, the independence of these factors and the HR
signature was compared using multivariate Cox regression and a

two-stage filtering process.

FISH

FISH was performed using standard approaches aimed at identifying
translocation partners (t(4;14), n=7; t(6:14), n=2; t(8;14), n=1;
£t (11;14), n=11; t(14;16), n=ﬁ; t(14;20), n=2; and 7 cases with
split 14 but_unidentified partners) and hyperdiploidy (n=42, of
which 9 also have a split 14) by examining chromosomes 3, 4, 5,
7, 9, 11, 13, 14, 15 and 17 using previously described probes?.
Hyperdiploidy was defined primarily on the results of chromosomes
5, 9 and 15 but modified by the results from other probes
used.'®?® An additional 6 cases had no abnormalities using these

probes and 11 cases do not have FISH data.

Annotating and Filtering Homozygous Deletions

All of the annotation of SNP locations and identification of
genes were performed using Ensembl 48 mappings, which is based on
the genome assembly NCBI36 and dbSNP127. A gene was assigned to
a SNP if the location of the SNP was anywhere in the gene region,
including all intronic, exonic and UTR regions. Every probeset
for a gene was used for filtering purposes. To pass the
filtering step the probeset had to pass three criteria.
Initially, genes must be expressed in more then 1% of myeloma
cases. An expression threshold was defined as having a signal

intensity of at least 250 in our dataset. This threshold was
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derived by looking at a gene which is not expresséd in a subset
of myeloma cases, MMSET. 1In cases with a t(4;14) translocation
it is highly expressed and in cases without the translocation it
is not expressed. Looking at a graph of expression and
corresponding FISH data, the cases without expression are easily
identifiable and the threshold was taken as the maximum of non-
éxpression for this gene. Again several ‘thresholds were tried
but this proved to be the most robust (data not shown). The
second criterion was that HDel should ablate expression of the
gene if it is having a significant effect which the expression
arrays can pick up. A threshold of 150 was set in order to be.
conservative about our estimate of HDel {again several thresholds
were tried and this was the most robust). Exprgssion in the
deleted cases should be lower than this threshold, and cases were
rejected if expression exceeded this value: Lastly, to ensure
tﬂat these HDels are relevant to the pathogenesis of myeloma, and
must be present with loss of expression in at least 2 samples.
This was carried out in all probesets for a gene, since it is
difficult to automatically decide which probeset is the best for
that gene. In order to maintain sensitivity when filtering,
probesets that passed ‘the criteria were chosen over those that
failed and the probeset that produced the highest proportion of

passes for any HDel was picked as the representative probeset.

Confirmation of DNA copy number by gPCR
The copy number of homozygously deleted regions was validated on
myeloma sample DNA by gPCR. gPCR was performed and normalized to

2! using a 7500 Fast Real-

the PRKCQ locus as previously described,
Time PCR System (Applied Biosystems) with Power SYBR Green PCR
master mix (Applied Biosystems). Two peripheral blood DNA

samples were used as calibrators. 3 regions were picked to
confirm HDels across the dataset which encompassed a broad
spectrum of copy numbers from 0.31 to 0.9. Additional samples
which were not detected as having HDels were also included in the .
assay. These regions included the deletion at CDKN2C (For 5'-
TTGTTCAGTTTCACTGAATATAAAGAAGTG -3', Rev 5'- |

GCCAGCCTATTTTCATTTAAGGAA -3’) and BIRC3 (For 5'-
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CAGTCCCCCAAAGCCTTACC -3’, Rev 5’'- TCAGATGTGACTTTGGGACTTTTGATT -
3’), located near SNPs rs6588394 and rs11225203, respectively.

GO classification

There were few genes deleted in more than 5% of myeloma cases and
none in more than 16% of cases meaning that determiﬁation of the
effects of HDel on PFS and 0S lacked power. In order to assess
the impact of HDels acting at different points within a pathway
on 0S and PFS, genes were grouped into pathways using a
knowledge-driven approach based on automatic annotation of the
genes with HDels. The annotatibn set with. the most complete and
informative éoverage of our data was Gene Ontology (GO) terms (we

).?%23 fWe used a GO tree

also looked at Biocarta and KEGG pathways
level of 5 because this provides more detailed and specific
information abdut the function of the genes while still providing
good annotation coverage. We applied the annotations using DAVID
2008 because it assigned more annotations to our genes than
Ensembl 48 GO annotations.?® When selecting from the list we did
not use the measures of significance of over representation from
DAVID as criteria only the GO term annotation. We then looked
for significant differences in overall survival between those'>
that had deletions in genes annotated in a particular GO term and

those without these HDels. We only examined GO terms that were

informative and biologically relevant.

Results

Hbmozygoué deletions in presenting patient samples

Mapping data from.84 newly diagnosed myeloma patients (Table 2)
were analyzed for the presence of homozygous deletions. We
identified 27,412 SNPs with deletion in any sample using a cut-
off of 0.93, which equates to 4,398,744 homozygous deletion
points across the 84 samples, or 5.4% of thé genomé. After
removal of deletions constituting a single SNP, these deletions
result in 18,733 genomic regions, or 7,254 genes. After
filtering to remove genes present in only 1 sample, 783 genes
contain a homozygous deletion. Using the criteria outlined in

the methods described below to link homozygous deletion to the
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expression of genes contained within the region, 218 unique genes
were identified in which the deletion affects expression of the
gene. Of these genes, 170 were present in more than one sample,
and 29 genes were present in more than 5% of samples (Figure 1).
When these 29 genes are mapped to their genomic locations (Figure
2) they are found predominantly in the regions previously ‘
identified as frequently being involved in hemizygous deletions
(lp, 6q, 1llgq, 12p, 13q, 1l4q, 16q and 22q). Of the 29
homozygously deleted genes, 14 were located on chromosome 13. A

subset of HDels was confirmed by gPCR.

Survival analyses were carried dut an all of the genes with
deletions in 25% of the cases. Of these genes, deletion of 1p32
at CDKN2C/FAF1 has a significant effect on overall survival (0S)
(p=0.029), median O0S 20 months with and 46 months without.:

There were five genes deleted in at least 10% of cases DCLKI,
ATP8A2, KLF12, PCDH9 and FGF14. Of these only ATPSA2 had a
significantly worse 0S (p=0.018), median OS of 14 months with and
46 months without.

Gene Ontology (GO) annotations were used to interpret the
identified genes and define pathway-specific abnormalities

present within the filtered 170 gene list. There were 43 terms

at GO level 5 assigned to the list and after consideration of the
annotations we tested the prognostic significance of the

following GO ‘terms: regulation of progression through cell cycle
probeset (G0:0000074), negative regulation of progression through
cell cycle (GO:0045786), protein transport (G0:0015031},
intracellular transport (GO:0046907) and cell death (GO:0008219).'
In this analysis samples with a deletion of any gene annotated as
cell death (n=25 26/68%) had a significantly worse OS (p= 2.36 x
104) and PFS (p= 9.83x107%) median OS with 26 months and 47 months\
without (Figure 3). These cell death genes were EAFI; CDKN2C,

CTSB, TNFRSF10B, TNFRSF10D, "BIRC2, BIRC3, ESR1, PLAGLl1, SGK, EMPI,
FGF14, FOX0l, TFDP1, and KRT18. There was no over-representation of
t(4;14), t(l4;16), t(14;20), high B2M, del(l6g) or del(17p)

within the cell death deleted cases compared to all of the

22



WO 2010/064016 PCT/GB2009/002815

samples. There was, however, an over-representation of del of 13
(p=0.037) but these cases do not have a significantly worse OS
than those without, therefore, it is not the effect of dell3 that
we are seeing. Examination of a proliferation index SPI) within
the cell death deleted cases shows that>there was an over-
representation of high PI samples (p=0.019). However, removal of
cases with a high PI reveals that the residual cases still have a
significantly worse overall survival (p=0.029) indicating that

the cell death pathway is an independent prognostic factor.

We wished to translate this prognostic finding based on changes
at the DNA level into a readily utilisable signature bésed on
related gene expression. Supervised hierarchical clustering was
used to identify genes that are differentially expressed (p<0.05)
between samples with and without homozygous deletion of a cell
death gene. This analysis generated a list of 2,654 genes, of
which 97 were annotated in the Cell Death GO term (Figure 4,
Table 1). Unsupervised hierarchical clustering (centroid—based)“
was performed- on 259 samples using the 97 gene list and fevealed
2 clusters with unique“expression signatures. The Bioconductor
package pamr was used to confirm the signature and determine if
the gene list was sufficient to classify the samples. The
samples with altered expression in the cell death network had a
significantly worse 0S, median 33 months with deletion and 48
without deletion, and worse PFS (Figure 5). The samples in this
cell death expression class were checked for an over-
representation of other known factors that would affect survival

and they were representative of our set as a whole.

In order to validate this signature we repeated the ahalysis in
two additional datasets (GSE2658 and GSE9782) and the same
cluster was identified in each of these datasets. In both data
sets the cell death dygregulated cases had a significantly wofse
overall survival GSE2658 (Figure 6 and 7). The GSE2658 data set
comprised patients derived from patients in the total therapy
programmes TT2 and TT3 the first using thalidomide and the second

tha;idomide'plus bortezomib. The GSE9782 data set comprised
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relapsed patients treated with bortezomib from the CREST, SUMMIT
and APEX studies including the 040 companion-study.

We applied two other published prognostic signatures (UAMS 70
gene and IFM 15 genes) on our data set (figure 8). The genes in
each of the signatures are different with no éverlap apart from
BIRCS5. There was a core group of cases identified by each of the
signatures, however, our signature identifies a distinct set of
poor prognosis cases, and is more sensitive than the IFM 15
signature and equally sensitive as the UAMS 70 gene signature.
Multivariate Cox regression confirms that our signature is a
significant independent variable in determining overall survival
when compared with the predictions of the IFM 15 and the UAMS 70

signatures.

As shown schematically in figure 9, the six gene signature was
then developed from the 97 gene signature. Hierarchical
élustering showed that there were two groups of expression in the
97 gene signature, the relatively high expressors and the
relatively léw expressors. For every pair of high versus low
expressors the ratio of expression was calculated for each of the
259 samples. Then for each gene pair the samples were split into
groups of high ratio (>=1) and low ratio (<1). Then survival
tests were performed using these two groups. A univariate
analysis was performed using both logrank tests and Cox
regression (a ratio is used to divide the samples into two groups
for simplicity, as the logrank test requires groups; the Cox test
is a more continuous ratio versus survival tést). A threshold of
p<0.05 was taken to filter the results. Pairs that were |
significant in the univariate analysis were grouped together into
independent groups and used in a multivariate analysis to
determine the independent predictors of survival. A process of
trimming and.repeating was performed until a smaller, converging
set of groups remained. (For those pairs with duplicate
probesets the probeset with the biggest effect was selected,
using the univariate Cox r’ values.) The best three pairs of

genes were chosen as prognostic markers and used to classify our
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data and both of the validation data sets. Cases were assigned
as high risk classification if any.cne of the three pairs has
high ratio (figure 9). (The probesets used were also assessed on

. sensitivity, specificity, positiVe predictive value and negative
predictive value.) The predictions made by using these genes was
also analysed in a multivariate Cox regression to compare with
other known prognostic factors, including B2M, age, t(4;14)

status, del (13) status (Table 3).

Discussion
Homozygous deletions have been shown to affect genes important in

15-18  1n this work on

tumour progression and clinical outcome.
myeloma the present inventors show that the frequency of HDels is
variable, with 56 out of 84 cases having at least 1 HDel,
(maximum 64, median 5.5 HDel per case). These HDels tend to
occur in the genomic regions where hemiéygous,deletions occur:
lp, 6gq, 8p, 13q, 16g, 20p and 22 but in addition, frequent
recurrent HDels are also seen at 1llq, 12p and 14q results that
are consistent with and extend further other results in the

literature. !813:40

Of the genes that were deleted in at least
10% of cases only ATP8AZ had a significantly worse 0S (p=0.018)

median 14 months with and 46 months without.

HDels relevant to myeloma pathogenesis were identified by
screening for HDels which occurred twice or more, ip genes
expressed in plasma cells with decreased expression in the
presence of a HDel. This approach identified 170 genes and the
inventors identified a significant enrichment of genes within the
GO defined cell death pathways. The term cell death includes
cytolysis and programmed cell death, programmed cell death and is
an umbrella term that includes both apoptotic and non-apoptotic
programmed cell death. In this analysis the genes significantly
enriched within this term included genes important in cell cycle
requlation (CDKNZ2C, EMP1, PLAGLl), apoptosis (CTSB, BIRCZ, BIRC3,
vTNFRSFlOB, TNFRSF10D, FAF1l, FGF14, SGK), and regulation of
transcription (ESR1, FOX01l, TFDP1). While there were 15 genes in

the cell death signature there were only 11 distinct genetic
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regions, this difference being due to juxtaposed pairs of genes
being deleted in the same cases: CDKN2C and FAFl on lp, SGK and
ESR1 on 6q, TNFRSF10B and TNFRSF10D on 8p, and BIRCZ and BIRC3 on
11lqg. Deletion within any one of the genes within the GO defined
vcell death Eathway identified 25% of all cases of myeloma and was
linked with impaired OS and PFS that was not due to a co-

segregating factor.

The cases with a dysregulated cell death network at a DNA level
were used as a test set to identify associated expression changes
within genes included within the same GO terms. This identified
a signature’consisting of 97 genes associated with poor outcome
(Table 1). The content of the list has an overrepresentation of
genes within the intrinsic and extrinsic apoptotic pathway as
well as within the TRAIL/TNF/NFkB signalling pathway and PI3k
pathway. This 97 gene signature identifies cases with a poor
prognosis (0SS PFS medians) suitable for alternate treatment
strategies. The proportion of cases identified at 25% is a
fraction that would be suitable for alternate strategies: We
tested the signature for its validity at presentétipn, relapse
and by treatment used including thalidomide or bortezomib. It
was an independent prognostic factor in each of these settings.
The signature is not predictive of response to a'particular
therapy. We compared it use to two other published signatures

and found it was independent of the UAMS signature.

The use of global gene expression bringé challenges within the
clinical environment and consequently we developed a more limited
signature which could give similar informatién. This list
utilised information from 3 pairs of genes suitable for RQPCR
analysis (real time gquantitiative PCR analysis). This approach
based on BUBIR / HDAC3, CDC2/ FISl and RAD21/ ITM2B has a
sensitivity and specificity for identification of cases
identified by the 97 gene signature. Cases identified by this
signature have median OS of 12 months, compared to 45 months for

cases without this signature (Figure 10). The prognostic value

of the six gene signature was confirmed in the independent data
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sets GSE9782 and GSE2658 (Figure 11). Impoftant prognostic
indicators for myeloma include the ISS, 17p- and a number of poor
prognosis Ig translocation but all suffer from poor sensitivity
and specificity for identifying poor risk cases (Table 4). In
this work we have developed a limited signature which has high
sensitivity and specificity for the identification of poor risk
cases at presentation and relapse which are suitable for

alternate treatment approaches.

The documents disclosed herein are all expressly incorporated by

reference in their entirety.

27



PCT/GB2009/002815

WO 2010/064016

Table 1

110226d:99V: LO¥dSSIMS/N01dIuN:82.n0g]

ybiy 127116202 go1d z (091d) (dEWLD) (daLD) (uisjord Butpuig 9562 9HSIN
-yojewsiut 1/©) (Hungns ey 091 eydie-SINN) oHSI uisjoad sedal yojewsiu YNQ
— ) [2)1X980:99V' LOMJSSIMSACIdIuN :80IN0G]
ubiy 1€ 116202 eoid 4 “(1-LIA uieiod pajeroosse-oBIMA) | uiejoid Auo xog-4 | V0208 ‘ioxed
mmmmE8<Fomn_%w_>>m>ma_=:”85ow_ ) (4Md) (pareAnoR
_ : -VNY aseuy uiejoid) (Z aseun uisjold yz-419) (g aseury eydje-z Jojoe) uoneniul
ubiy 18 G6¥8ze zzed 4 uonejsues; anoliexn3) (eseupy usjod Juspuadsp-yYNY 2IqIonpul-ucsapaiu|) 0195 oivedia
(1'11°2'2 O3) eseup uigjoid pajeAldE-YNY POpUEIS-3|gnop ‘padnpul-UoIapou
o A |5ZONBD:29Y: LOYdSSIMSAoIdiun:8oinog] “(uabiue g1£a9)
MO| 1 s 651612 g'ezb ! (Z1-dvo4d ueioid sueiqusy) (647 [9AON) (1 18sans D) (V61 uBloid) (DoVHD) |  €28.G LANWYIS
(s)192 21x0)0)A0 Buneanse 10ydadal ax-zQ D) Josinosaid 2 1squiaw Ajwe) WyS
ybiy 1e7168202 eezb L [92X98D:20V: 1 O¥dSSIMSA0IdIUN:821N0g] (--'G'¢ D7) | Bolowoy aseluuN LisYy LLIN
_ [8196.0:29v" LOYdSSIMSA0/diun:aainog]
ybiy 1®7168202 g'ezb L “(1-a3a14) (1o1d@3q) (eindajow Jejnanss) 1616 aa3aga
Bujurejuos -urewop so)oays yieaq) uieyoid Gujurejuos-uiewop J0jaye yieaq
s /1zhTe [SNNNBD 23V 10HdSSIMSACIdiuN:20inog)
Mo 1e7X 080812 eed r ‘(14v4Y) (, 4v4 Uel01d) | Joye) pejenosse-gy | YO L4V
— . [2vEABD:29Y: LOYSSIMSAcIdiuN:eaIn0og] (uejod axi-LLd.LN) (L | uieloxd
cm_r_ e s geesle eved 4 pPajeInosSSE -WYNYOUS £N) || u1ajoid pajeioosse-yYNY Jejodjonu [lews gn ajqeqold 8LLLG THdin
— . [068H6D:29V: LOHdSSIMSACIdIun:801n08] (626911
mo| e s g808le e'ved } (z uisjoud Bunoessjul-ased ] 9) (D Bey) o uisiord Buipuig-4 19 palejai-sey L2iv9 DOVYMN
_ [9006vd:99y" LOYJSSIMSACIdIUN:30INOS] v
ybiy 1 bbo002 1ged 3 (SHOUYINOEIN) (SHOUVIN-OBW) (Srenisans aseun O you-suiuele |  80LG9O LISHOHVIN
paieifoisiihw abieydosoei) (| uisioid ayIi-SHOHYIN) uieiold pajela-SHONYIN
ybiy e ¥H9002 L'ged l [L¥SELD:00V: LOYISSIMSACIdIUN:82In08] *(LAH) | esejfieoeap suolsiH G90¢ LOVQH
~ [55166029v' LO¥dSSIMSAoidiun:8oinog]
:m_r_ X 918202 Zzoed l *(1 ewoysejqoinau ul payejep AisnobAzowop) 12201 da+3gn
(z wisoud uonepesbap uoisny uninbiqn) g 3 Jotoey uogebnluos uynbian
_ _ [956260:99v:108dSSIMSACdIUN:82IN0S]
MO| 18 $G€602 Ze9ed 1 (21 (2 ay-101daval Joyoe) sisosoau sown) (v Jojeipaw Ajua 9.8 P1LASHANL
snuasediaH) Josindaid | Jaquisws Ajwepadns Jojdasas JOoe) SISOII8U Jown )
auab .
sse|D 19saqoid pueg | e uonduosaq pIous auag
~owosy9 zanu3j
Jossaldxg

28



PCT/GB2009/002815

WO 2010/064016

s 98102

[88YNgD 00y LOMdSSIMSAoIdiuN:eanos] (L-dVdy) (1 ueioid

MO| Es™ gid € Buneloosse-undody) (| Jojoey pajeloosse-| 4143 pue | AA) (Jo1oey pajenosse .| GZHEZ d9Ad
v¥8l0z -Q30) (10198} pejeroosse-UleLLOp Jojoeya yIesq) uIajoid BUIPUIG-| AA PUB LONINY
"™ : [9851 9499V LOYdSSIMSACIUN:221n0gT
Mol 1e 'S 9€.002 \e1zd € - *(z}H) Josinoasd youy uiajoid Buiwioysuel | i8¢ VORY
—— . [£0Z20d:29v: LOYASSIMS/I0IdIun:82in0g] “(8sepixosad
Mol s oe00z | IEled | € BuOIEINS JeINyeD) (1-XdD) (LXdHSO) (61’4 1" O3) | asepixased suopeiny | 9£8C IXdO
- . [59596D:99Y LOMASSIMSA0AIUN:821N0S] (LXWHN UIBloid) (€
Moy e 156522 ved € -divl) (g uisjoid sisojdode peonpui-ejaq-41) uisioid | auab psjeinBas-dn |-uixy 159¥9 Lanxv
ybiy 17870102 z'oeb [4 (819€10:29V LO¥ASSIMSAodiun:8aIn0g] (€-1ND) £-ullinD 258 £€1N0
B : [52052d:99Y" LOYdSSIMSA0Idiun:80In0g] ,
MO) 1€7800202 seb [ '(agzimaD) (uabnue 281 D) (z odAy Joydecaig | BLGE gy |
=) (20108231 YSOW/OHD) (Z-4DXD) (8 ¥g-11) g 101dada) g-unjnapaiul Anuyse ybiy
- [82.660:00V' LOYISSIMSA0IdIUN 82IN0G]
ubiy 16 svesoe Sl (1-Qyv8) | Usloxd uiewiop ONIY paterosse-Lyoug | 089 |axve
_ [1£€82d"99V" LOHdSSIMSAoidiun:aoinosT
ybiy 187S 6€£0€02 geeb 4 (@6 2-10) (axg -1 x81dwo) (€'66'9°L 9 (£°6°9'L 6LV LS4NAN
03) Josundaid [eupuoyoolIW ‘PYUNGNS BQY G/ SSEJONPaJOPIXO suouinbign-HAYN
g ) [BAANGD:09Y 1 O¥ISSIMSA0LdIUN:83In0g]
ybiy 1BS 966912 £'eed 4 'z uisjoud BujuelUo-UlRWIOP aseu Sy | B98CC ZaMisvd
— ) (#091 999V LOHSSIMSA0IdIUN:82IN0G] (343} (J01oe) AoueuBasd-Auel)
ubmy Je s ge1502 beep ¢ (0LNdD) (uluosedeyo ey 01) (01dsH) feupuoydonw ‘uisiosd yoous jeay ey g | JEEE }3dSH
_8#Fmn.o%«w”*ommmma_gw\.eﬂ_c:..mwawwvu w.:_ﬂcomu {ydv0) G-cu_“,_%wmgem
— ) aijojdody) (esesjoud auisisho anoydody) (3011d) (321 M-AAV4) (ases)o)
Mol 188 eueeie beeb |z ®1-6-030/301 Snobojowoy-qay-) (HOVIN) (Bojowoy £-030 pejerosse-L 1uow) | FV8 8dSY0
(g asesjoud onoydode aqi-301) (8-dSVD) (1922 '€ O3} sosindaud g-esedsed
—— : [5£D96D:22Y: L O¥dSSIMSACIdIUN:8aIN0g]
MOoj .E S £leEle Leeb [ ‘uajold zZ| suab ajepipues uoibal [BlOSOWOIYD g SIS0Is|0S |esale] olydonoiwy ovsoel 21328V
- . [0€9560:90V' LOYdSSIMSAOIdIUN:80IN0S] (INV1S
ubiy 18 Ligeoe bed |2 1O UEIIOP EHS 34} UM Biosiow paleIossY) (512 L' D) wisoid Bupuig-wyis | £F90F d8AVLS
15~ 05v 102 [e8¥1 €499V LOMdSSIMSACIdIUN:82N0S]
yby ‘ybiy N GbYLOZ geid r4 _ 1(1-v11-g1d) 51d wiojos) |-y ) uishosjonN 2.0L LYIL
vyl . :surejuo9] (1-v1.L-0¥d) (1-v1L uielord Buipuig-yNY) opd uuojos) |-viL uiskiospny | - ‘
[£ODNBD:99Y: LOHdSSIMSA0IdIUN:821n08] *(G-uoinanay)
MO| e X 6ZOviC 1gpd Z (x-NL¥) (Bojowoy 9 uidjosd osyiosds-sunoopuaocinaN) (dSN) (uisjoid oyoads rAAWA NI

-auuoopuaoinaN) (uesoo4) (urejord oBoN) (Jougiyus YmoaBino sjunaN) -uoinonay

29



PCT/GB2009/002815

WO 2010/064016

ybry 127506802 egLd [66666d:99V' LONJSSIMSAOIdIUN:a2in0g] "0 awoiydolhd | GOZHS SOAD
—— ) {06891 D:09V! LOYJSSIMSACIdIUNY anog] ’
ubiy S oele0z | 1EZED (1 9¥i-25Q wieloud Jown}) (5qu) €50 wejoidsowny | POLL L1e5ad1
— [PZ5E+0:99V' LOHISSIMSACIdIUN:821n0g] “(uisjoid
Mol 15 1ELv0e bzb 1Zbo-1v) (1 SII-BLICOIESOAWIOPQELY Ul PERLO-) VED Uistod xoq peayyoy | B0EC £0X04
- . [6065.0:29V' LONJSSIMSo1diun:aainog] (g soidasal yieaq) (g Joidades yjeap
cm_c Je 95881c ezid patelal -y 4N 1) Josingaid | Z Jaquiaw >__Emtmn=m 101da0a1 J0}0B} SISOIO8U Jowin | evele 124SHANL
"~ . . [8SX98D:20V: LOYJISSIMSACIdIUN:221N0G]
Mol Je 598L12 e'geb ‘(0g1 wayosd 39bBuy HNHY) 10sin0aid Bojowoy Yieios 61869 0ELdNY
- _ ) [£0496D:29v: 1 OHdSSIMSACIdIUN:821N0G]
ubiy ¥ S B6B0ze eeeb (121 ueloxd sigNpur-ESd) Z Uisioid BuiesBu- LU Jwserdoiky | BBB9T ¢didAd
e . [62€510:99v LOHLSSIMSACIdIUN @3IN0G]
Mo 18 5 geealz e'leb (SvdVINS) (z-cad¥) (6QH) € oserkieoesp suoisyy | +788 €OVaH
s 129012 {9£60Z2d:99Y' LOYUISSIMSA0IdIuN e31n0g]
yby ‘ybiy e 116202 £pLb . ‘(dvosey) (dvoozid) (ojeagoe uisioid 1265 IVSYd
12d sey) (dvyo) (uimoid Buneanoe-ssed | 9) | usloid Bugeanoe-ased | ) sey
'S e180L2 ) [92¥€1D:29Y: LOYJISSIMSACdIUN:20iN0G]
Moj e X 120502 TYib ‘(¢ usyoid Bunusweidwod-sso1o Jiedas Ael-X) pODOUX uidloid sredal-yNg 815, rO0uX
~ ) . [ie1e10movi LoddsSImsnodiun:aainog] (ujeys |-eydie
Moy 18 86,60z bed MdWV) (11122 D3) 1-eudje Hungns onAjeles sseuny uisioid poleAloe-dWy-g | o099 LYVYMNd
- ) ~ [2ZOV1D:29y: 10YdSSIMSAoIdiun:8a1nog]
ybiy ¥ 002612 egid ¢ uIejoid BulLlEIUGo-UlewOp aseuny (Syy | CL06L £aM1SY4d
v A v Aawaon_..uu,mhw_mn_mm_\,\Ww%a__.._:..Ssomw
_ (11D uuoyduy) (eydje -ovA) (eydje-jueinbeoanue sejnosep
ubly ¥e 282002 Lzb Goaur unseidoguiony 1) (vdd) (i-dvd) (1 uisiosd uenBeoonue [eyscerd) (1-4gd) | 80E SYXNY
(1 uipuigoudieg) (1) uxauopu3) (A uodedrT) (A uixauuy) (g-uIxauuy) G uIxauuy
[281 1 +d 09V LOYASSIMSAOIdIUN :81N0G]
Mo| e 0bie0z gLzb (42 utejoud Buiuieyuoo-utewop g1g pue 1abuy ouz) 09 97108
(g-7089) (u1sj0ud €-7v1) (1§ utejoud sabuy sutZ) (9-104) uieioid g ewoydw) |@o-g
_ — . {871Ng6D:29V: 1 OHdSSIMSAodiun:a2In0g] "(usloid € SucheWIoHeW SNOUIAABD
uby 18 S L06012 1'92b [eiga13D) (51 uiRjoid pajejal-sisoydode (82 L-41) 01 uIsjoid yyeap |30 patuwesBold secil 01aodad
X BEPYZ2 [939N6D:99Y’ L O¥JSSIMSADIdIUN:80INOG]
MO| N gzb ‘(uiejoud susb sisoidode o} eanisuas) (14ggM0) (1 uieioid Bulpuig-ejaq 9196 LdNY

IDID) (2 sunnd jo soyeinBay) (2 waord Jabuy ONY) (2xgy) 2 welo.d x0g-ONIY

30



PCT/GB2009/002815

WO 2010/064016

MO|

wrizizie

l'veb

ol

[9SNNOD:09V: 1 ONdSSIMSACIdIUN:821n0G] "Josindald g-01u0joa |

£€219¢

ENLOL

MO|

69122

Leezb

oL

[¥809d 09V LOYJSSIMS/0IdIun 821n0g]

‘(1 siaoued pesueape 3jdyinw ul pajeiny) (Bojowoy uwisusy

pue esejeydsoyd) (g'e’L'€ 03) (91°€° L€ D3) (L9°€'L '€ O3) NI Ld eseleydsoyd
uejold Ayoyoads -jenp pue asejeydsoyd-¢ syeydsoydsin-g'y'c-jousouliApneydsoyd

16111

1dN3ld

ybiy

17 £96622

1e'ezb

ol

[¥8¥09d:99V: LOMJSSIMS/A0IdIUN:82IN0S]

‘(1 s1eaueo peoueape aidinw ui pajeiny) (Bojowoy uisua)y

pue asejeydsoud) (8p'¢’L'c 0F) (9L°€ L€ D3) (L9°€°L '€ D3) N3 Ld @seteydsoyd
utejoid Aioyioads -jenp pue asejeydsoyd-¢ syeydsoydsul-g'y'g-lonsouljApieydsoud

821G

N3ld

ubly

1®TE€12602

Z'ieb

ol

{e6¥90d:99V: LOYdSSIMSA0diun:8d1nog]
‘(1MQD) (1 aseuny yuspuadap-ulohD) (aseupy
uisio.d y¢d) 8« 1422 03) (2211 L2 ©3) Bojowoy Z uielold [04U0D UOISIAIP 18D

£86

40 4}0)

uby

1b9610Z

€lL'peb

[e££Z20:99V: LO¥JSSIMSA0IdIUN:32N0S]
(Botowioy |NIS) (~'1'9' D3) uixejeuss asedtjay 8|qeqold

¥90€C

X13S

ubiy

187S 809002

1V 'peb

[91.2090:99v: LOYdSSIMSA0dIUN:@2IN0G] (Bojowoy | DS) (L-dXN) (1
uigjosd xuyew te2anN) (LZ2yHY) Bojowoy . zpel uisioid sedal yeasq-puels-ajiqnod

G885

1eavy

ubiy

187800402

Zzeh

(881€10:09v LOUISSIMSA0:dIUN:21N0g]
A 1-S1y @seuly ulsjoid-euiuoalyyauLeg) (Z aseun uielold ay-0ZI LS UBlfewwepy)

(Z-1LS) (ZLSW aseunt -0z LS) (1°LL°2'2 D3) € 8seuy uioid-autuosiyysuleg

88.9

EMLS

uby

127681822

2ud

[62¥560:00v' L ONJSSIMSACIAIUN:82IN0G] (Sutewop Yieap jo 18dua)ig) (4-Ova)
(y susboueyye pajeloosse-z10g) v Joyeinbas auoiadeyd tejnosjow Ajwe;} Hyg

0€s6

yove

1e7s 118802

‘eoeb

[061520:99V: LO¥dSSIMSA0IdIUN:221n0S] (FEN) (LPOHH)
(1-rSW) (2-rSH) (Zr uielosd xo0ys JesH) g Jequiaw g Anweygns Bojowoy reug

6¥001

98rvNd

ubwy

1S pL9L02

L'oeb

[919€1 099V LOHdSSIMSACIdiun:20Inesg] (1-1ND) L-ulind

S8

1IND

ubiy

1872€0922

veb

[s25Zvd 00y LOYdSSIMSAoIdIUN:a31nos] [gid yunans

Z-osedse) g1 d jungns z-asedse) g d yungns z-asedse) suieluo)] (z-qaN)
(z wiejoud pajeinBal -umop Ajejuswidojersp passatdxa |99 Josinoalid [einsp)
(ursyoud 2Q@AN) (eseatond |-HOI) (2-dSYO) (§§°2Z '€ O3) Josindaud z-esedse)

Ges

¢dsvO

ubiy

le7s e91e22

zzeb

[08ME8D 99V LONSSIMSACIdIUN:32IN0G]
‘(1 wajord adh-oHED 196Ul 2UIZ) (VdINY) (eseury ewoydwil
ansejdeue o Jauped Bunoeiajul-leaanN) Yy Jo Jauped Supoelaju-reajann

0ests

IOHEDZ

MO}

e pE08LZ

1'zeb

[9@eA6D:99Y: LOYSSIMSA0IdIUN:ain08] (1| utBjold yeadas Hd 1) (1L ueloid
jeadai spndadooujensay) (1.514y) (Bojowoy |si4) uieloid | uoissy |eLPUOYIONN

¥2018

iSid

31



PCT/GB2009/002815

WO 2010/064016

e 88/422

gz

141

[0££29d:99V LOYdSSIMSAoIdIun:821n0g] "9 10108} UoNEIASOqU-JaY

[4:13

944V

ybiy
Mo|

S 617102

TLb

14

[EAMNBD:02Y: LOYdSSIMSA0IdIUN 8oin0g]
"(Snudy) SNajonu ay} ul JaoNpul UOHEBSUSPUOD Unewosys snojdody

G86¢¢C

INIOV

MO|

S zell1T
e LELLIT

Zvib

gl .

[£8ZA6D:39v: LOYdSSIMSA0Idiun:aa:nog] ‘[epudad piojiwe
ueqy/ugy surejuo))] (1yg ueioid sueiquiswsuel | ) g ujold sueiquaw [esbajul

Svv6

=[A BN

MO|

s 07e9l2

EL'pLb

€l

[€69€1d:99V LOYdSSIMSACIduN:aoinog] “(Uluod) (J4H)
(so10e} Buisesias -suielsiH) (£2d) (d1O1) uisioid sowny pajjonuod-Ajleuonelsuel |

8L1L

lidlL

ubiy

187 GE0612

Le'vzb

zZL

[EX696D:22V: LOMJSSIMSACIdIUN:a0In0g] | uisjord 1aBuy ONIY pajelaosse
-01- pue g-sasedseq) (14yy) (wmajoud sisoidode jo sonqgiyut 0 snobojowoy
19buyy HNIY uewny) (owo uisiosd 1aBuy ONIY-IAAL) (4419 uiesoud sabuy
ONIY) (g uretoud iabuy ONIY) (-'2°€'9 D3) yeINY osebl utajoid-uminbign €3

96108

YEINY

ubiy

167 0GE612

levzb

cl

[8ZUNBD:99Y: LOYdSSIMSACIdIUN:821N0S]
‘(1d mo| yum uisjoud Buipuig-dy| 10anQ) (uiiold sewg) (ssedsed
JO I0jEANOR PBALIBP-BLPUOYD0}IW PUodas) Josindaid jeupuoyooiiw ‘Bojowoy ojgqeiq

9199S

o1avia

yby

s 06e612

Le'¥zb

4%

[1r0068D:99Y: LONJSSIMSACIdIUN:22IN0S]
‘(p-eselajsuenhuiwesoon|Bifisoy -N-¢'Le1eg) (1-1u9g) (b1-uogeieg)
(-'1't'Z O3) ¥ eseisjsueyAulesoon|BiA1aoe-N-¢' | -B19q [EDEIBG:OYNOID-daN

69€64

y1NOEd

ybiy

1B ST G0LEDZ

121d

cl

[62¥000:29V: LOHJSSIMS01dIuN:821n0S] AIUAPH) (A) uisjoid

oyIl-uiweukq) (¢ ueyoid axi-uiweuiq) (1 uisjoid pajejes-uiweuiq) (ajdwiq) (ss9)
ulewop [eunua)-jAxoqJed you-autjoid Jequsw Ajwe; uiweuiq) (dIAQ) (uLjoud
ay)-djsdaydwuq) (wisjoxd exyi-uiwevAQ) (§°6'9'¢ D) wiejoid axy-1-uiweuAg

65001

T1LANG

MO|

1766062

zzzb

L

[88¥¢ 1009V LOYdSSIMSA0Idiun:8oinog]

‘(6% usj01d 196Uy ONIN) (ZIdY) (2 Jonqiyu) sisojdody)

(D Bojowoy dyi) (1 weloud xaiduiod Buyeubis- vy (-THAN L) (2dV1-0) (4-dviH)
(1dvIH) (1 uisloud sisojdode jo Joyqiyu)) € utayoid a:_:_mﬁ:ou-ﬁmmamh dV| fesiaojnoeg

oce

£0did

MO|

1® 498602

L'ELb

Ll

[P£6260:29V' LOYSSIMSA0IdIUN:B8IN0S]
‘(utsjoid g ayi|-z-12g) (1s10wold Yiesp pajeloosse

-z-ParX -1og) (9 usuodwod Buipuig-z-1o8) (QvE) U¥esp (192 jo isluoBelue zZiog:

[44°]

avd

yby

1S /89102

zid

L

[5Z286D:99v" 1 O¥JSSIMSACIdiUN:8dINoS]
‘(L1 -ovY) (ustoid |} suop sisoydodenuy) (1OVX uleiold)
(13) (2010} Bunoelelul-g 10108} UM0IB 1sBIqIqLd) (G-IdY) § Jolquut sisoidody

6£58

Sidv

MO}

1€ 8¥¥602
187S 081202

1gid

12"

[£dNABD:29Y: LOYdSSIMSA0IdIUN:221n0g] “(Uiejord Bunoeisjui-1 1 L-AlH

£5501

CdiLViH

e 0€) (2 uisioid anoeIdIUI- 1YL L-AIH) (L1 L 93) 2dILVLH 9S81onpalopixQ

32



PCT/GB2009/002815

WO 2010/064016

ybiy

878 660202

ggeb

A

[26£51 009V LOYdSSIMSA0IdIUN:801n0S] ( Joyqiyul
sisoydody) (uinans Jouquyus sisoydody) g uteyoid Butuieiuoo-jeadal dy| |eiiacinoeg

- zee

soNIg

ubiy

1S £05602

£eTd

A

[62626D:99v: LOYJSSIMSACIdIUN:30n08] (809 10108} pajeroosse
-Loug) (g nungns Jojoe) PeleROSSE-WIG/L-ONE By 09) Z Jequwaw (g Ajueqns
unewolyd Jo Jojeinbal Juapuadap-unoe pajeloosse-xulew pajeel-4NS/IMS

€099

CAOUVINS

ubiy

1878 €05602

ggeb

Ll

[66129d:90v: LO¥dSSIMSA0IdIUN:821N08] (LdINL) (1 ueloid
Bunoe.s)ul -10)deoal suowioy pioiAy]l) (9NS/Sd) (sHd Hungns swosesjold)
(g esed LY Hunqns ggz swoses)old) g iungns Aiojeinbas aseajold S92

G0.S

SOWSd

ybiy

e ar.L02

Leid

Ll

{Leov0d 29V LOUdSSIMSACIdIUN:82IN0S] (EL-0D-AN
uebnuy) (ggd uisoidoudsoyd) (ged Jossaiddns sown ) ggd usinue sown) JenjeD

LS1L

£5dL

MO|

’X pLEoLZ

Led

Ll

[805€70:99V: LOHJSSIMSA0IdIUN :801N0S] 10} paleioss ‘Z| Jequiaty
Kpwepadns puebi) J0JoB) SISOI08U JOWN] ‘WI0} sukIqWBW ‘Z| Jaquwiaw Ajiwepladns

pueb)} Joi1oe) siS0108U Jown) surejuo))] (puebl eOdy) Mivaml) (sisoidode
10 Jaonpuy Yeam pajejal-4N1) Z| Jaquew Ajwepeadns puebi| Jojoe) sisosoau Jown)

bvi8

€14S3INL

MO|

1®X 005602

L'gid

A

{80SEPO:29Y: LOYJSSIMSACIdIUN:821n0S] 10} PajaIdes ‘Z1 Jaqual
Apwepadns pueby J01oB} S1S0108U JOWN | ‘Wio) suBIqWSW 'Z| Jaqusw Ajwepadns

pueBi; Jojoe; siso1oau Jown] :sureyuo] (pueBl cOdv) (MvIml) (sisojdode
JO Jeonpui yeam paje|as-4N1) Zi Jequaw Ajwepadns puebi| J0joe) sisososu Jown

[AZA°

rARLE NI

MO|

®L0v0LZ

zeld

Ll

[52516d:99v: LOYdSSIMSA0IdIUN:30IN0g])
"(1o1deoai oiBssuing) (1XZd) (101da08s 41 V) | 101dacouund XZd

€209

1Xded

ubiy

18757892202

L'gzb

9l

[r95€ 1 D:99Y. LONdSSIMSA0IdiuN:821n08] “(LddH) (1 uord ausBoouooiold)
(1dg-ddv) (eay 66 ‘1 ueloid Buipuig-ui2joid Josinoaid ejeq plojAury)
(1 ueroad Buipuig-usalosd piojAwy) Jungns Actenbal |3 awAzua Buneande-ggqaN

£888

1 d8ddV

MO|

e 87622602

Z'1d

D

{9821 D:90V' LOYdSSIMSACIdIUN:80IN0S]
‘(wigyoud aseasip uayed) (ENTD uISlold) uiuaneg

Lozl

EN1O

yby

s g/0vesl

¢eid

9l

[LAZ96D:09V: 10HdSSIMSA0dIUN:a2:n08G] (L6 uabijue pajeloosse-euwouroses
Jejnjjacoieden) (1-prry) (1-piL uieioid reuq) (Bojowoy ggplL uiSioid sosip
[euiBew snojown] ) 10sin98id Jeupuoyooyw ‘g Jaquaw y Ajwejqns Bojowoy reugq

€606

EVrvNd

uby

187662602

L'GLb

Sl

[995090:99v: LO¥dSSIMSA0dIuN:82in0g] ‘(1NSS)
(Teavin eseup) juiodxoeyo dnou) (eseuny uistoid pajerss-Lang/cavw) (Lyanau)
(1°11°2'Z 3) E1eq LENG 8seun utajoId-auIL0sIYl/EULSS JUI0dNOaYD JNOHN

104

aLang

MO|

e l0p1LZ

gigb

147

[61A18D:90v: LOUdSSIMSACdIUN :23IN0g] (g utelald
pajeivosse -yjesp 199 1) (59 Jo1daoas pajdnod uisjoid-9) 10)dadal auISOyIAsH

Llv8

598dO

33



PCT/GB2009/002815

WO 2010/064016

[22A86D:29Y: LOYdSSIMSACdiUN:92IN0G]

Moy umlmlquomow 1Z'LLb 44 (uigyo1d ay)-g uociBai reonuo swoipuAs 86109910) 19¥HOQ WL0Id 65€S8 1940904 .
—— . [6Z1¥10:99v! LOYdSSIMSAoIdun:8amog] | -
Moj 18 S ¥Z08OZ 1Z1b (44 (9 uoiBia |eonuo swolpuAs ab10e91g) 9YOOQ ulslold vic8 94090
_ 9110 %mmmmm“oéﬁowawm_zwzoha_cqwosomw
—— . ‘[(aig 11d) 1 1d isiuobe yieap uiewop Bunoessiul-cHg (Qid €1
Mo e's Gellle 1Z'1ib (44 £1.d 1sobe yieap uewop Budessiui-eHg {aig s1d) 51d 1siuobe yeep urewop L£9 ag
Bupoesealul -gHg :suteyuod)] (A1g zzd) (aig) 1siuobe yjesp uiewop Bunoelsiu-gHg
[£8581d:99V' LOYdSSIMSN0diUN:80IN0g]
ybiy s 20122 teeh 14 ‘(18Sv8) (1 seohwioleydaes uj pajos|ss isiucbejue xeg) (S-49q) (urejoid 1G99 NOS
Buipuig -3YN) (uieyoxd Buipuig-uswaie AiojeinBal aanebeN) (ENOS) urslold NOS
—c— . ~ {cdANBD 22V 10HdSSIMmSAodiun:aainog]
yby TSz L1zzb ¥4 (/1) Uog Jo JoquBieu weansumop uigloly < 08662 NOSNOQd
ybiy ‘'ybiy | & S 89L0i2 [09055d:29v" LOYdSSiMmSAoidiun:aainog]
; : e s ZLLL0Z “gL'eLb 0z ‘(uiyoud Ayiqndaosns sisoydode Jenjian) (wisjoud | pEYL 1138D
ybiy eLLLL0Z- aNi-| uonebeiBas awosowoiy)) (Japodxe-a1 eydie-uipodus)) (Zdx3) z-upodx3
— . [oege10:09Y: LO¥dSSIMSA0IdIUN:8oIN0g]
moj e X Elvice zieLb 0z "(1 wisroud passesdxe A|lenuasayip Jown ) ¢ Jojelodiodut auleg §5604 EONIY3S
{e¥652d 99V:L0¥dSSIMSA0dIun:adinog]
MO] 1BT0515¢ ZLELD 0z “(ogda) (opmaD) (OpD usbjue aveyns |130-g) 856
(10ydaoai 10pgD) 10sin2aud § Jaquisw Ajjwepadns Jojdadal 10)oe) SIS0I08U Jown ) 0+Q0
—— ) [861 L£d:99V' LOUJSSIMSA0IdIUN:82N0S]
yby 18 s €51202 eceib 61 “(uinodoaonu ey 29) zod uleoidodA|B ssod JeajonN 9e9ge ¢9dNN
[84XMBD:29Y: L O¥dSSIMSA0idiun:aaInog] |
MO| e peySee Zewb 6l (e-3Wv4 uisioud Buluieluoo-g3Q) (€ sinosjow | GBGZIL 2aa3ad
onoydode-nue ay)-qay4) Z uisiord Buiuiejuoos-urewop Jojoaye yieap Bulpuig-yNQ
[66596D:29V: LOYJSSIMSA0IdIuN:32in0g] j01d Buronpui-sisojdody) (surewop .
_ JAAAL bue Hd Buiurejuoo uisjoud Bujonpul-sisoydode pejerdosse-awososAT)
Mol 16 99g6ie zib| 8l (1-useyd) (1 usioid BulIEuCO-UBLIOP JAAS PUE Hd) (| 1aquiows 4 Aywey | 95+67 L4HX31d
Buturejuos -urewop Hd) | Jaquisw 4 Ajwey Bulurejuos-urewop ABojowoy uusyasld
—_ . [65¥000:09v' LOYdSSIMSACdIUN:821n0g] “(Bleg-Gad aseuN-g-supid)
Mo 1€ S 6298951 reld 61 (e1eq yungns -ggd aseui-g|d) B19q yunans Alojeinbas aseuni-¢ joysoulApneydsoyd 9625 cHeEMId
[E¥SP 1000V LOMdSSIMSA0IdIUN:82IN0S] ~
Mmo| 1e7s709€902 A rdd L (€-188) (€ souquuul | LS paonpul-1v1S) (€-S10) 1206 £€S00S

(£ uiejoid ZHS 8|qINPUI-BUNOIAD) (€-500S) € Bulieubis aupolAd Jo Jossaiddng

r

34



PCT/GB2009/002815

WO 2010/064016

[250610:09V' LOYdSSIMSA0IdIUN:80sN0G]

Moj 187 6£5602 g'gzb X {(Z-1009) (xid-eydjy) (eydie 1oj0e} aBueyoxe Bunoesaiui-yvd) (g 101oe) abueyoxe 656 943DOHYY
: aphosjonu sujuent zpopo/oey) g Jojoey abueyoxs aplosonu suluent oyy
_Vﬁmmmo%oihomn_wm_?m:ﬁ@:aezoww
—y— . (42z-0sL) (uisioud ai-zz-0S L) (diau) {d1Q ueiold
Moy 18 X 100402 gzeh X (apndad aanoeasounwiwi -41SQ) (Jojoealounuiw apiidad Buonpui-dsals ejjaq) Le8l €0dceost
(uieyoud Jeddiz autons) umu:uc_‘v_oo_touoo:_ov ¢ usjoud Ajiwej ulewop gzoSt
— . [ez2e€10:99Y LONSSIMSA0IdIUN:80IN0S]
Mol 18 08/502 zewb | (118) (48 (AN Jeonpur sisoidody) Jeipf Bunoeisur-z-og | €9 ig
] [z/28¥0:99V LO¥dSSIMSA0Idun:8inog]
Mo| 187" ¥Z080Z LZ’Lib 44 ‘(utsjoud g ausb paonpui-ggd) (Z 9sePIXO BUIOL) G295

(aseuaboipAysp suljoid) (8'66°S'L D) Josinoaid |eupuoyoo)W ‘SSEPIXO BUIj0Id

HAO¥d

35



WO 2010/064016 PCT/GB2009/002815
Table 2
. Characteristic Mapping Expression Myeloma
(n=84) {n=259) IX
(n=1966)
Age, years
Mean 64.1 64.7 64.6
SD 10.1 10.0 10.2
Serum '
BZmlcroglobulln mg/I 6.0 5.9 6.1
Mean 4.1 4.3 5.9
SD 61 190 1789
Total patients
Platelets, 10%1
Mean 34.8 247.0 247.5
SD 7.3 92.0 97.3
Total patients 84 258 1880
Haemoglobin, g/dl
Mean ©10.3 10.5 10.8
SD 1.8 1.9 4.3
Total patients 84 258 1880
Serum albumin, g/l
Mean 34.8 34.2 34.7
SD 7.3 7.3 7.0
Total patients 84 257 1858
Deletion 13q
% 44 .4 45.4 45.3
No. total patients 32 109 473
Total patients 72 240 1043
t(4;14)
% 9.6 15.8 11.4
-No. total patients 7 38 120
Total patients 73 240 1052
t(11;14)
% 14.9 17.8 13.9
No. total patients 11 43 146
Total patients 74 241 1047
Follow-up, months
Mean 39.1 38.6 30.3
SD 13.7 12.5 13.8
Survival (0S), months :
Median 44 43 46
Range (min — max) (1-60) * (0 - 60) (0 - 62)
ISS, % of patients . :
1 20.7 22.3 22.0
2 36.2 38.5 39.4
3 43.1 39.1 38.7
Chemotherapy, % of I
patients
CVAD 29.8 25.6 28.3
CTD 28.6 31.0 28.2
MP 20.2 20.2 21.6
CTDa 21.4 21.8
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Table 3. Cox regression
Factor Y 4 P-value
Clinical factors -2.617 8.90 x10°
Serum albumin
B-2-microglobulin 2.2886 0.022
Age 4.6603 3.20 x10°®
Signature

98 gene signature: "

12,0043,

0.0450.

Cytogenetic factors

Deletion 13q 0.0827 0.930
t(4;14) -1.4052 0.160
t(11;14) 1.372 0.170
Deletion 17p -0.687 0.490
Deletion 16q -1.6872 0.0920
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Table 4. Cox regression

PCT/GB2009/002815

Factor

P-value

Signature

6 gene signature - |2.21707 -

Cytogenetic factors
Deletion 13q

-0.354

0.72

t(4;14)

|-0.278

0.78

t(11;14)

1.291

0.2

Deletion 17p

-1.396

0.16

-0.114

0.91

Deletion 16q
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Claims:
1. A method for determining a prognosis for an individual
with multiple myeloma, the method comprising:
determining the expression signature status of cell death
genes in a sample obtained from the individual, comprising;
‘determining the relative expression of each gene in one or
more of the following gene pairs:
a) the gene pair in which the first gene is BUBIB and the
second.gene is HDACS3,
b) the gene pair in which the first gene is CDCZ and the
second gene is FISI,
c) the gene pair in. which the first gene is RADZ21 and the
second gene is ITMZB, |
and, .
_using the expression signature status to determine the

prognosis for the individual.

2. The method of claim 1, wherein the expression signature
status is used to determine the prognosis for the individual by
assigning the individual to a high risk group if, for any one of
the gene pairs, expression of the first gene is greater than or

equal to expression of the second gene.

3. The method of claim 2, wherein the individual is assigned
to a high risk group if expression of BUBIB is greater than or

equal to expression of HDACS3.

4. The method of claim 3, wherein the individual is assigned
to a high risk group if expression of BUBIB is greater than or
equal to expression of HDAC3, and

the expression of a ceil death gene belonging to the high
expressor group is greater than or equal to the expression of a

cell death gene belonging to the low expressor group.
5. The method of claim 4, wherein the individual is assigned

to a high risk group if expression of BUBIB is greater than or

equal to expression of HDAC3, and
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a) expression of CDCZ2 is greater than or equal to
expression of FISI1, and/or
b) expression of RAD21 is greater than or equal to

expression of ITMZB.

6. The method of any one of claims 2 to 5, wherein the
individual is assigned to a high risk group if expression of the

first gene is greater than expression of the second gene.

7. The method of claim- 1, wherein the expression signature
status is used to determine the prognosis for the individual by
assigning the individual to a high risk group if the expression
ratio of the first gene versus the second gene is greater than or

equal to 1 for any one of the gene pairs.

8. The method of claim 7, wherein the individual is assigned
to a high risk group if the expression ratio of BUBIB versus

HDAC3 is greater than or equal to 1.

9. The method of claim 8, wherein the individual is assigned
to a high risk group if expression ratio of BUBIB versus HDACB is
greater than or equal to 1, and

the expression ratio of a cell death gene selected from
the high expressor group versus a cell death gene selected from

the low expressor group is greater than or edual to 1.

10. The method of claim 9, wherein the individual is assigned
to a high risk group if the expression ratio of BUBIB versus
HDAC3 1s greater than or eqﬁal to 1, and

a) the expression ratio of CDC2 versus FISI, and/or

b) the expression ratio of RADZ21 versus ITMZB

or equal to 1.

11. . The method of any one of the preceding claims, wherein
the relative expression of the first and second genes, or the
expression ratio of the first gene versus the second gene, is

determined by determining the amounts of mRNA corresponding to

43



WO 2010/064016 PCT/GB2009/002815

each gene in the sample.

12. The method of claim 11, wherein the relative amounts of

mRNA correspondiﬁg to each gene in the sample are determined.

13. The method of claim 12, wherein the relative amount of

mMRNA is determined using PCR.

14. The method of claim 13, wherein relative amount of mRNA is

determined using real-time quantitative RT-PCR.

15. The method of any one of the preceding claims, wherein the
sample obtained from the individual is a tumour sample, a blood

sample, a tissue sample or a cell sample.

16. The method of any one of the preceding claims, comprising
the step of selecting cells expressing CD138 from the sample
obtained from the individual, and determining the expression
signature status of cell death genes in the resultant

CD138-positive cell enriched sample.

17. The method of any one of the preceding claims, comprising
extracting mRNA from a sample obtained from the individual and
determining the relative amounts of mRNA corresponding to the

first and second genes in the mRNA extract.

18. The method of any one of the preceding claims, comprising
the additional step of determining whether the patient has a '
homozygous deletion in any one of the following cell death genes:
FAF1, CDKNZC, CTSB, TNFRSF10B, TNFRSF10D, BIRCZ,_ BIRC3,
ESR1, PLAGL1, SGK, EMPl1, FGFl4, FOX01l, TFDP1, and KRT18, wherein
the presence of such a hémozygous deletion is indicative

of a poor prognosis.
19. "A method for determining a prognosis of an individual with

multiple myeloma, the method comprising: determining whether the

patient has a homozygous deletion in any one of the follbwing
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cell déath genes:
» FAF1, CDKN2C, CTSB, TNFRSF10B, TNFRSF10D, BIRCZ2, BIRC3, ESRI,
PLAGL1, SGK, EMPl, FGF14, FOX0l, TFDP1, and KRT18, wherein

the presence of such a homozygous deletion is indicative

of a poor prognosis.

20. The method of any one of the preceding claims, wherein the
prognosis is used for determining clinical treatment given to the

. individual.

21. The method of claim 20, wherein determining the clinical
treatment comprises selecting one or more of the following types
of therapy: a type of chemotherapy or a chemotherapy regimen for
4administration to the individual; a steroid therapy; a
thalidomide therapy; a stem cell transplantation therapy; and/or

an autograft or allograft therapy.

22. ~ The method of claim 21, wherein the treatment comprises a
chemotherapy selected from one or more of: thalidomide-
dexamethasone; a bortezomib-based regimen; lenalidomide-
dexamethasone; melphalan and prednisone;,bortezomib, melphalan
and prednisone; lenalidomide plus low-dose dexamethasone;

melphalan, prednisone and lenalidomide.

23. The method of any one of the preceding claims, wherein tt
method comprises the initial step of obtaining a sample from said

individual.

24.  Use of an expression signature status of cell death genes
for determining a prognosis of an individual with multiple
myelomé, wherein the expression signature status of cell death

genes is determined according to the method of claim 1.
25. A kit for determining a prognosis of an individual with

multiple myeloma according to the method of any one of claims 1

to 19.
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26. The kit of claim 25, wherein the kit cohprises:

reagents necessary for carrying out the determination of
expression signature status of cell death genes of a sample
obtained from an individual, and |

instructions for carrying out the test and interpreting

the results.

27. The kit of claim 26, suitable for determining the relative’
amounts of the first and second genes in a gene pair, wherein the
kit comprises one or more of the following reagents:

a) primers based on the nucleic acid sequence of the
first gene, for amplifying part of the first gene
sequence by PCR,

b) primers based on the nucleic acid sequence of the
second gene, for amplifying part of the second gene
sequence by PCR,

c) a first probé; based on the nucleic acid sequence of
the first gene, for quahtifying the amplification of
the first gene,

d) a second probe, based on the nucleic acid sequence of
the second gene, for quantifying the amplification

of the second gene.

28. A method for identifying an expression signature of cell
death genes, the status of which signature is suitable for
determining a prognosis for an individual having multiple
myeloma, the method comprising:

(a) obtaining tumour cell samples from a set of individuals
having multiple myeloma,

(b} identifying homozygous deletions in the samples,

(c) determining which genes having homozygous. deletions are
cell death genes,

(d) identifying samples having homozygous deletions in cell
death genes, and determining which genes are
differentially expressed in the identified samples
relative to the samples which do not have homozyéous

deletions in cell death genes,
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(e) identifying which of the differentially expressed genes is
itself a cell death gene, _ '

(£) performing hierarchical clustef analysis on the sample
set, to determine whether differential expression of
the genes identified in step (e) is associated with
altered overall survival and/or progression-free
survivél of individuals in the set,

(g) assigning the genes identified in step (e) to a gene
expression signature if their differential expression
is associated with altered overall survival and or

progression- free survival in step (f).

29. The method of claim 28, wherein
the tumour samples obtained from individuals having

multiple myeloma comprise plasma cells.

30. The method of the preceding claim, wherein the plasma

cells are selected for CD138 expression.

31. The method of any one of claims 28 to 30, wherein
homozygous deletions in the tumour cell samples are identified by
comparing DNA sequences of tumour cells obtained from an
individual with DNA sequences of control cells obtained from the

same individual.

32. The method of claim 31, wherein homozygous deletions are
identified by determining copy number variation of Single

Nucleotide Polymorphisms.

33. The method of claim 31 or claim 32, wherein the tumour
cells are plasma cells obtained from bone marrow and the control

cells are peripheral cells.
34. The method of any one of claims 28 to 33, wherein a gene

is identified as a cell death gene using Gene Ontology annotation

tool.
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35. A method of obtaining a refined expression signature for
cell death genes, the status of which refined expression
signature is suitable for determining a prognosis for an
individual havinglmultiple myeloma, the method comprising:

(a) identifying an expression signature of cell death genes
according to the method of claim 28,

(b) performing hierarchical cluster analysis on the expression
of genes in the expression signature to cluster the genes
into an A group and a B group, each group having a
distinct expression pattern,

(c) identifying pairs of genes, each pair comprising-a first
gene from the A group and a second gene from a the B
group, .

(d) determining for each sample in a set of samples obtained
from individuals having myeloma, the relative expression
of each’gené in a plurality of gene pairs,

(e) classifying each gene pair for each sample as “high ratio”
if expression of the gene from group A is greater than or
equal to expression of the gene from group B in the
sample, or “low ratio” if the expression of the gene from
gioup A is less than expression of the gene from group A
in the sample,

‘(f) performihq statistical analysis to determine whether a
gene pair having a high ratio or low ratic in a sample is
associated with a poor prognosiS'fof the individual from

which the sample was obtained.

36. A method of identifying a gene pair, wherein a high ratio
for that gene pair is associated with poor prognosis, comprising
applying the steps (b) to (f) of the method of claim 35 to the 97

gene sequence signature.
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