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GENE SIGNATURES FOR USE WITH HEPATOCELLULAR CARCINOMA

FIELD OF THE INVENTION

The present invention relates to a method of analyzing hepatocellular carcinoma (HCC)
patients using the expression levels of various immune genes in a sample from the tumor, in
particular to predict the prognosis of HCC patients. The invention also relates to methods of
identifying an agent effective for treating HCC, and also to methods for stratifying HCC.

All documents cited in this text ("herein cited documents") and all documents cited or
referenced in herein cited documents are incorporated by reference in their entirety for all
purposes. There is no admission that any of the various documents etc. cited in this text are
prior art as to the present invention.

BACKGROUND

Hepatocellular carcinoma is an aggressive malignancy and claims over 600,000 lives every
year worldwide. HCC incidence is rising in Western countries partly due to increased
Hepatitis C virus (HCV) infection. HCC is a heterogeneous disease comprising distinct
molecular and clinical subgroups [5-6]. This is largely due to the different HCC etiologies
which include hepatitis, alcohol and non-alcohol induced cirrhosis. Geographical and ethnic
variations further contribute to its heterogeneity.

There arc few treatment options for HCC, in particular for patients with advanced disease
where there are limited treatments. Resection remains the treatment choice for many patients
but 1t is also associated with high relapse rate and poor 5-year survival rate. Sorafenib, a
tyrosine kinase inhibitor recently approved for advanced HCC, brings only limited
improvement in survival [3]. More aggressive treatments, including liver transplantation for
suitable patients, improves survival. However, identifying HCC patients likely to benefit from
such approaches remains challenging.

With the development of health awareness in the general public, HCC comes to medical
attention at earlier stages where often it is hard to determine the prognosis using classical
histopathological measurements such as tumor multinodularity and vascular invasion. In the
past decade, several laboratories used gene-expression profiling to define the molecular nature
and identify prognostic signatures for HCC [8-12]. However, little consensus was reached
from such efforts, illustrating the complexity and heterogeneity of this cancer. Each study
focused on different molecular pathways and limited attention has so far been given to the
tumor immune microenvironment.

SUMMARY OF THE INVENTION
In one aspect, there is provided a method of analysing a patient with Hepatocellular

Carcinoma {HCC), wherein the method comprises: (a) detecting the expression levels of 5, 8,
7, 11, or 14 of genes selected from the group consisting of CCLS3, CCR2, CEACAMS,
CXCL10, IFNG, IL6, NCR3, TBX21, TLR3, TNF, CCL2, CD8A, FCGR1A, LTA, and TLR4
in a patient-derived tumor sample; and (b) based on a gene signature as listed in Table 2A,
Table 2B, Table 3, Table 4, Table 14, Table 15 and/or Table 16, determine one or more of the
following: stratifying or classifying the patient to have HCC, providing a prognosis for the

patient with HCC; monitoring disease progression of HCC; predicting efficacy of a therapeutic
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intervention, selecting treatment for the tumor, or evaluating the efficacy of a therapeutic

mtervention for a patient with HCC,

In another aspect, there is provided the use of reagents for determining the expression of said
5, 8,7, 11, or 14 of genes selected from the group consisting of CCL5, CCR2, CEACAMS,
CXCL10, IFNG, IL6, NCR3, TBX21, TLR3, TNF, CCL2, CD8A, FCGRIA, LTA, and TLR4

m a method of the present invention.

In yet another aspect, there is provided a computer program or computer software product for
performing step (b) of a method of the present invention, or a computer system programmed to

perform step (b) of a method of the present invention.

In a further aspect, there is provided the use of a microarray comprising a plurality of probes

capable of hybridizing to the 5, 8, 7, 11, or 14 of genes selected from the group consisting of

‘CCL35, CCR2, CEACAMS, CXCLI1G, IFNG, IL6, NCR3, TBX21, TLR3, TNF, CCL2, CD8A,

FCGRI1A, LTA, and TLR4 in a method of the present invention.

In another aspect, there is provided a method of providing a an HCC human patient with a

_good or a poor prognosis, wherein the method comprises: (a) determining the expression

levels of 5, 8, 7, 11, or 14 of genes selected from the group consisting of CCL5, CCR2,
CEACAMS, CXCL10, IFNG, IL6, NCR3, TBX21, TLR3, TNF, CCL2, CD8A, FCGRIA,
LTA,‘_and TLR4 in a tumor sample derived from said patient, which tumor sample comprises
total tumeor material, (b) analysing the genes based on the gene signatures as listed in table
Table 2A, Table 2B, Table 3, Table 4, Table 14, Table 15 and/or Table 16, ; and (b)
determining the similarity of an expression profile comprising the expression levels
determined in step (a) to a good prognosis template which comprises gene expression levels
characteristic of good prognosis patients and a poor prbgnosis template which comprises gene
expression levels characteristic of poor prognosis patient, wherein a higher similarity of said
expression profile to said good prognosis template indicates a poor prognosis and a higher
stmilarity to said poor prognosis template than to said good prognosis template indicates a
pooer prognosis, and wherein a poor prognosis is less than the median survival years of a given

cohort and a good prognosis is more than the median survival years of a given cohort.

The current disclosure also describes an immune gene signature derived from resected HCC
tumors from Singapore HCC patients (n=61) who are mostly at stage I, for predicting

prognosis or survival in HCC patients. The immune gene signature has been
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validated as being able to predict survival of HCC patients from another region in Asia, Hong
Kong (n=56) as well as from Europe, Zurich, Switzerland {(n=55); both the Hong Kong and

Zurich cohort include more advanced HCC patients- mostly Stage IT or 1.

In some examples, the gene signature includes a combination of three to fifteen (and
preferably five to fourteen) immune genes out of a total 15 immune genes of interest whose
relative expression is preferably analysed in a classifier (algorithm). Overall, an increase in
mRNA expression of these genes is associated with better prognosis. The predictive power of
the combination of any five to fourfeen immune genes (the classifier) of these 15 immune
genes is stronger than any single individual gene by itself.
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This immune signature can be used by itself to analyse HCC patients or with other
mformation, such as staging information. This application describes various uses of the
mmune signature, in particular in predicting the prognosis of HCC patients (e.g. <> of 5 years
survival),

In one example, there is provided a method for predicting prognosis (<> 5 years survival) of
hepatocellular carcinoma patients based on measurement of the relative level of expression of
a combination of three to fifteen immune genes (and preferably 5 to 14 immune genes) out of
15 immune genes of interest in the tumors of such patients. Tumor material can come from
surgical resection or biopsy. The relative gene expression information can optionally be
combined in an algorithm.

GLOSSARY OF TERMS

'This section is intended to provide guidance on the interpretation of the words and phrases set
forth below (and where appropriate grammatical variants thereof). Further guidance on the
interpretation of certain words and phrases as used herein (and where appropriate grammatical
variants thereof) may additionally be found in other sections of this specification.

LLIN £

As used herein, the singular form "a," "an," and "the" inciude plural references unless the
context clearly dictates otherwise. For example, the term "an agent” includes a plurality of
agents, including mixtures thereof and reference to "the nucleic acid sequence” generally
includes reference to one or more nucleic acid sequences and equivalents thereof known to
those skilled in the art, and so forth.

As used herein, the term “comprising” means “including”. Thus, for example, a gene signature
“comprising three genes” may consist exclusively of three genes or may include one or more
further marker genes.

The term “stratifying” as used herein refers to describing or separating a patient population

- into more homogeneous subpopulations according to specified criteria. In one embodiment,

patients can be stratified for different treatment protocols (e.g. more or less aggressive
treatment, surgical intervention, liver transplantation, immunotherapy, chemotherapy with a
given drug or drug combination, and/or radiation therapy). Patients may also be stratified into
those having a poor or good prognosis, or those have a short or long predicted survival.

The term “classifying” as used herein refers to the process of determining or arranging patients
into a particular group depending on their tumor sample profile. In at least some embodiments,
the term “classifying” refers to classifying a patient as having a particular prognosis, e.g. a
poor or good prognosis, or short or long predicted survival.

The term "prognosis” as used herein relates to providing a forecast or prediction of the likely
course or outcome of HCC. The term includes a reference to predicting HCC progression (e.g.
recurrence or metasiatic spread), survival, drug resistance, partial or complete remission, or a
good or poor outcome (good or poor prognosis respectively). The term also includes
predicting the timing of any of the aforementioned (e.g. more than, less than, or equal 10 a
given number of vears (e.g. 0.5,1,2,3, 4,5, 6,7, 8,9, 10 or more years)). Thus, for instance,
providing a prognosis may comprise predicting the patient’s survival as being more than, less
than, or equal to a given number of years.

Where survival, recurrence, metastatic spread or another event is described herein in relation
to a given period of time, the period of survival may optionally be measured from first
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diagnosis, first treatment, when the tumor is resected, or from any other convenient or suitable
time point. Preferably, survival is measured from when the tumour is resected.

Where survival, recurrence of metastatic spread or another-event is described herein in relation
to a given period of time (e.g. as being more than, less than, equal to, or within etc. a given
time period), the given period of time is preferably a time point which 1s within one of the
following ranges: 0 to 18 years, 0 to 17 years, 0 to 16 years, (0 to 15 years, 0 to 14 vears, 0 to

13 years, 0 to 12 years, 0 10 11 years, 0 to 10 years, 0 10 9 years, 0 to § years, 0 to 7 vears, 0 to
-6 years, 0 to 5 vears, 0 to 4 years, § to 3 vears, 0 to 2 years, 0 to 1 years, 1 to 18 years, 1 to 16

vears, 1 to 14 years, | {o 12 years, | to 10 years, 1 to © years, 1 to & years, 1 to 7 years, 1 t0 6

years, 1 to 5 years, 1 to 4 vears, 1 to 3 years, 1 fo 2 years, Z to 18 years, 2 to 16 years, 2 to 14

years, 2 to 12 years, 2 to 10 years, 2 to 9 years, 2 to 8 years, 2 to 7 vears, 2 1o 6 vears, 2t0 5
years, 2 to 4 years, 2 to 3 years, 3 to 18 years, 3 1o 17 years, 3 t¢ 16 years, 3'to 15 years, 3 to
14 years, 3 10 13 years, 3 to 12 years, 3 to 11 years, 3 to 10 years, 3 10 9 years, 3 to 8 vears, 3
to 7 years, 3 to 0 years, 3 o 5 years, 3 to 4 years, 4 to 10 years, 4 to 9 years, 4 to 8 years, 4 to 7
years, 4 to 6 years, or 4 t0 5 years. The aforementioned ranges are inclusive and so it will be
understood that a tiime point which is within the range of 4 to 5 years, for example, is o be
understood as including both endpoints of the range so that the time point may, for example be
4 or 5 years (or any time point falling between these endpoints, such as 4.5 years).
Accordingly, in at least some embodiments providing a prognosis may comprise predicting the
patient’s survival as being: (i) more than, less than, or equal to 4 years; or (i} more than, less
than, or equal to 5 years. Other preferred cut-offs for survival include 3 and 6 years. Thus, in
some embodiments of the invention the methods comprise predicting the patient’s survival as
being more than, less than or equal to 3 or 6 years,

The term "poor prognosis” as used herein refers to where an undesired outcome (“poor
outcome™} is predicted for the HCC. Examples of poor outcomes include reappearance of the
HCC after treatment {(optionally within a given time period, such as within 1, 2, 3,4, 5,6, 7, 8,
9, 10 or mere years), the recccurrence of metastases (optionally within a given time period
such as within 1, 2, 3,4, 5, 6,7, 8,9, 10 or more years); or survival for less than a given period
of time, e.g. less than 0.5, 1, 2, 3, 4, 5,6, 7, 8, 9 or 10 years survival.

In at least some embodiments of the invention, the term "poor prognosis" as used herein refers
to: (1) predicted survival for less than a time point which falls within, or is equal to, 310 6
years {e.g. survival for less than 3, 4, 5 or 6 years), with the survival preferably being
measured from the time of tumor resection); (i) when the gene expression profile has a higher
similarity to a poor prognosis template than to a good prognosis template; (iii) when the gene
expression profile is similar to a poor prognosis template and/or dissimilar 1o a good prognosis
template; or {iv) predicted survival is less than the mean, mode or median of the number of
years survival of a HCC patient cohort. :

By a “patient cohort” we refer to a population of HCC patients, e.g. a population of at least 5,
10, 15, 20, 25, 30, 35, 40, 45, 50, 53, 50, 55, 60, 65, 70, 75, 85 or 95 patients. The patients of a
particular cohort may be restricted geographically such as to patients in a particular city or
country at the time of first diagnosis or resection (see e.g. the Singapore training cohort).

- When SVM and/or KNN algorithms are used the term “poor prognosis” preferably refers to

less than 5-years survival for a HCC patient. Preferably, when NTP algorithm is used, a
patient s classified as having a “poor prognosis” when the patient’s gene expression profile is
more similar to the poor prognosis template than to the pood prognoesis template, both
calculated using the NTP algorithm. It should be noted that NTP does not have a cut-off
survival year. This is explained 1n more detail in Algorithm 3.
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The term "good prognosis” as used herein refers to where a desired outcome (“good outcome™)
is predicted for the HCC. Examples of good outcomes include partial or complete remission;

* the non-reoccurrence of metastases, optionally within a given period of time e.g. 0.5,.1, 2, 3, 4,

5,6,7.8,9,10, 11, 12, 13, 14, 15, 16, 17, 18 or more years; or survival for a given period of
time, e.g. more than or equal t0 0.5, 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13,14, 15,16, 17 or 18
years survival. '

In at least some embodiments of the invention, the term “good prognosis® refers to:

- (i} predicted survival of more than or equal to a time point which falls within, or is equal to, 3,

4, 5 or 6 years, with the survival preferably being measured from the time of tumor resection;
(11) when the gene expression profile has a higher similarity to a good prognosis template than
to a poor prognosis template; (iii) when the gene expression profile is similar to a good
prognosis template and/or dissimilar to a poor prognosis template; or (iv) predicted survival is
less than the mean, mode or median of the number of years survival of a HCC patient cohort.

When SVM and/or KNN algorithnis are used the term “good prognosis™ preferably refers to
more than or equal to 5-years survival for a HCC patient. Preferably, when NTP algorithm is
used, a patient is classified as having a “good prognosis” when his gene expression profile is
more simijar to the good prognosis template than to the poor prognosis template, both
calculated using the NTP algorithm. It should be noted that NTP does not have a eut-off
survival year. This is explained in more detail in Algorithm 3, '

The terms "reatment", “therapeutic intervention” and “therapy” may be used interchangeably
herein (unless the context indicates otherwise) and these terms refer to both therapeutic
treatment and prophylactic or preventative measures, whercin the object is to try and prevent
or siow down (lessen) the targeted pathologic condition or disorder. In tumor treatiment, the -
treatment may directly decrease the pathology of tumor cells, or render the tumor cells more

-susceptible to treatment by other therapeutic agents, e.g., radiation and/or chemotherapy. The

aim or result of tumor treatment may include, for example, one or more of the following: (1}
inhibition (i.e., reduction, stowing down or complete stopping) of tumor growth; (2) reduction
or elimination of symptoms or tumer cells; (3) reduction in tumor size; (4) inhibition of tumor
cell infiltration into adjacent peripheral organs and/or tissues; (5) inhibition of metastasis; {6)
ephancement of anti-tamor immune response, which may, but does not have to, result in tumor
regression or rejection; (7) increased survival time; and (8) decreased mortality at a given
point of time following treatment. Treatment may entail treatment with a single agent or with a
combination {more than two} of agents. Treatment may optionally comprise a course of
treatment. '

An “agent” is used herein broadly to refer to, for example, a drug / compound or other means
for treatment, e.g. radiation treatment or surgery. Examples of treatment include surgical
intervention, liver transplantation, immunotherapy, chemotherapy with a given drug or drug
combination, radiation therapy, neoadjuvant treatment, diel, vitamin therapy, hormone
therapies, gene therapy, cell therapy, antibody therapy ete. The term “treatment” also includes
experimental treatment e.g. during drug screening or clinical trials. '

The phrase “predicting the efficacy of a therapeutic intervention” includes predicting whether
the patient responds favourably or unfavourably to treatment and/or the extent of those
responses. '

The phrase “evaluating the efficacy of a therapeutic intervention” includes assessing whether
the patient responds favourably or unfavourably to treatment and/or the extent of those
TESPONSES.
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Throughout this disclosure, various aspects of this invention can be presented in a range
format. it should -be understood that the description in range format is merely for convenience
and brevity and should not be construed as an inflexible limitation on the scope of the
invention. Accordingly, the description of a range should be considered to have specifically
disclosed all the possible subranges as well as individual numerical values within that range.
For example, description of a range such as from 1 fo. 6 should be considered to have
specifically disclosed subranges such as from 1 to.3, from 1 to 4, from 1 to 5, from 2 1o 4,

~from 2 to 6, from 3 to 6 etc., as well as individual numbers within that range, for example, 1,
2, 3,4, 5, and 6. This applies regardless of the breadth of the range.

BETAILED DESCRIPTION OF THE INVENTION

The present invention relales to methods for analyzing a patient with HCC. More specifically,
the invention provides methods which comprise: {2} determining the expression levels of three
or more genes in a patient-derived tumor sample, wherein the three or more genes are selected
from the genes listed n Table 1, 2A, 2B, 3; 4, 14, 15 and/or 16 (see Tables below); and (b)
using the gene expression level information to analyze the patient, for instance 10 extrapolate
prognostic information of the patient. By “analyzing a patient” we include classifying or
siratifying the patient, providing a patient prognosis (e.g. poor or good; fong or short survival),
monitoring disease progression, predicting efficacy of a therapeutic intervention, selecting
treatment for the patient, and evaluating the efficacy of a therapeutic intervention. The genes
listed in Table 1, 2A, 2B, 3, 4, 14, 15 and 10 are herein referred fo as the “lmumune genes of
the invention”. Optionally, the gene expression level information is analyzed using one or
more of: at least one algorithm, statistical analysis or a computer. The predictive power of the
combination of these 15 immune genes of Tables I, 2A, 2B, 3, 4, 14, 15 and 16 is stronger
than any single individual gene by itself. :

Depending on prognosis, patients can be stratified for different treatment {e.g. more or less
aggressive treatment, surgical intervention, liver transplantation, immunotherapy,
chemotherapy with a given drug or drug combination, radiation therapy, neoadjuvant
treatment, gene therapy, cell therapy, antibody therapy ete.).

The term “treatment” also ncludes experimental (reatrent e.g. during drug screening or
clinical trisls. The ability to provide a prognosis for HCC patients will help in disease
management such as in selection of patients with better prognosis profile for liver
transplantation. Advantageoulsy, the immune genes of the invention are predictive of HCC
prognosis irrespective of patient ethnicity and disease eticlogy. '

The term HCC as used herein includes all forms of HCC ineluding stage I, 11, 11 and IV HCC.
Staging can be performed in accordance with the TNM staging system which is used
internationally. :

Optionally, the HCC is: (a) stage 1; (b) stage II; (¢) stage 1 or II; (d) stage II or HI; (c) stage 1,
T or 11 () stage 11, 111 or IV; or (g} stage 1, 11, HI or IV. Preferably, the HCC is not stage 1.
Preferably, the HCC is not stage 1V, '

The term “patient” as used herein includes human patients and other mammals and includes
any individual that is, or has been, afflicted with HCC, or which it is desired to analyse or treat
using the methods of the invention. Suitable mammals that fall within the scope of the
invention include, but are not restricted to, primates, livestock animals {eg. sheep, cows,
horses, donkevs, pigs), laboratory fest animals (eg. rabbits, mice, rats, guinea pigs, hamsters),
companion animals (eg. cats, dogs) and captive wild animals (eg. foxes, deer, dingoes).

* Preferably, the patient 1s a buman patient. Where non-human sucleic acid or protein /
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polypeptides are being assayed the expression level of homologs to the genes set forth in Table
1, 2A, 2B, 3, 4, 14, 15 or 16 may be assayed and references to the immune genes of the.

" invention are to be interpreted to include such homolog sequences. In the present invention,

the patient may be male or female. Optionally, the patient may be undergoing treatment, for
example experimental treatment, for HCC. In this cohtext, the method would provide a
surrogate biomarker for measurement of efficacy of the treatment. The patient may have stage
L 11, HI or IV HCC. Optionally, the patient is: (a) a stage I or I patient; (b) a stage 1 or Iil

- patient; or (c) a stage 11l or [V patient.

The term “patient-derived tumor sample” may include, for example, tumor material from

surgical resection or biopsy (e.g. a cell from a biopsy of the patient). As used herein, the term

"biopsy" includes a reference to tissue removed from the patient. The tissue may be removed
using any suitable method, such as needle biopsy, aspiration, scraping, excision using surgical
excision. Suitably the sample comprises total tumor material i.e. tumor infiltrating leukocytes
{TIL), stroma and tumoar cells The sample may oplionally be a fragment of resected tumor.
The sample may be obtained at one or more time poiits. Optionally, the sample can be
subjected to one or more post-collection preparative or storage technigues {e.g. fixation,
storage, freezing, lysis, homogenization, DNA or RNA extraction, ¢DNA conversion,
ultrafiltration, dilotion (e.g. with saline, buffer or a physiologically acceptable dilvents etc.),
concentration, evaporation, centrifugation, separation, filtration, etc.) prior to the material
being analysed by the methods of the present invention. Optionally, steps (a) and (b) of the
methods of the present invention may be preceded by the step of obtaining the patient-derived
tumor sample from the patient.

In one embodiment of the invention, the three or more genes of Table 1 are at least 3, 4, 5, 6,
7,8, 9. 10, 11, 12, 13, 14, and/or all the genes listed in Table 1 and/or any combination
thereof. In a preferred method of the present invention, 14 or 15 genes are selected from Table

In one embodiment of the invention, the three or more genes of Table 2A are at least 3, 4, 5, 6
and/or ali of the genes listed in Table 2A and/or any combination thereof.

In one embodiment of the invention, the three or more genes of Table 2B are at least 3. 4, 5,0
and/or all of the genes listed in Table 2B and/or any combination thereof.

In one embodiment of the im}"enfion, the three or more genes of Table 3 are at least 3, 4, 5, 6,
7,8, 9, 10 and/or all of the genes listed in Table 3 and/or any combination thereof.

In one embodiment of the invention, the three or more genes of Table 4 are at {east 3, 4, 3, 6,
7,8,9,10, 11, 12, 13 and/or all of the genes listed in Table 4 and/or any combination thereof.

Int one embodiment of the invention, thé three or more genes of Table 14 are at least 3, 4, 5, 6,
7 and/or all of the genes listed in Table 14 and/or any combination thereof.

In one embodiment of the invention, the three or more genes of Table 15 are at least 3, 4,
and/or all of the genes listed in Table 15 and/or any combination thereof.

- In one embodiment of the invention, the three or more genes of Table 16 are at least 3, 4,

and/or all of the genes listed in Table 16 and/or any combination thereof.

Accordingly, it will be understood that the invention may comprise determining the expression
level of Tour or more, five or more, sixX or mare ete. genes as listed in Table 1, 2A, 2B, 3 /i 14,
15 and/or 16 (see Tables below).
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In at least some embodiments of the invention, the expression levels of fewer than 15, 14, 13,
12, 11, 10,9, 8 7, 6, 5 or 4 genes selected from the genes listed in Table 1, 24, 2B, 3, 4, 14,

15 and/or 16 are determined.

Preferably, the expression levels of 3 to 15,310 14,3 to 13,410 15,410 14,410 13, 5t0 15, 5
to 14,510 13,610 15,6t0 14,610 13, 7t015,7t0 14, 710 13,810 15,8 t0 14, 810 13, 9 10
15,910 14, 9t0 13,1010 15, 10to 14, 10to 13, 11 t0 15,11 to 14, 11 to 13, 12 1o 15, 12 to 14

cor 12 to 13 genes from the genes listed in Table 1, 24, 2B, 3, 4, 14, 15 and/or 16 are

determined.

Preferably, the three or more genes comprise {and optionally consist of):

{i) H.6 and TNF;

(i)  CCL2, CCLS and CCR2;

(iiy CCL5, CCL2 and CXCL10;

(iv)  IFNG, TNF and TLRS:

(v)  CCLS5, CCL2, CXCL10 and CCR2;

(i)  CCL2, CCLS, CCR2 and IL6;

(viiy CCL2, CCLS, CCR2, IL6 and NCR3;

(viily CCLS, CCL2, CXCL10 and TLR3;
(ix) CCLS, CCL2, CXCL19, CCR2 and TLR3;

(x)  CCL5, CCL2, CXCL10, IFNG, TNF and TLR3;

(xi)  CCLS, CCL2, CXCL10, CCR2, TFNG, TNF and TER3;

(xi) CXCL10, TLR3, TNF, IFNG and CCLS;

(xii) CCLS5, CCR2, CD8A, FCG’R;A,im, NCR3, TLR3 and TLR;
(xiv) CCL2, CD8A, CXCLIO, ILG, LTA, NCR3, TBX21 and TNF;

(xv)y CCL2Z, CCLS, CCRZ, CD8A, CXCLIO, FCGRIA, 116, NCR3, TBXZI, TLR3,
TLR4, TFNG and TINF,

(xvi) CCR2, CD%A, IL6, LTA and TLR3;

(xviij CD8A, CXCLA0, L6, TLR3 and TLR4,

(xviil) CCLS, FCGRIA, IFNG, IL6, TLR3, TLR4 and TINF;
(xix) CCL5, CCR2, CDESA, FCGRIA, IFNG, IL6, and NCR3;

(xx) CCL2, CCL3, CCR2, CD8A, CXCL1Y, ECGREA L6, N(“RS TBX21, ELRE and
TLR4;

(xxiy CCL2, CCR2Z, TLR3, TLR4, CCLS, IL6, NCR3, TBX21, CXCLI10, IFNG, CDE8A,
FCGRIA, CEACAMSE and TNF;

{(xxi1} the genes common to Table 2 (Table 2A and/or Table 2B), Table 3 and Table 4;
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{xxiil) the genes common fo Table 2 (Table 2A and/or Table 2B8), Table 3, Table 4, Table
14, Table 15 and Table 16;

{xxiv}) any combination of the above gene sets,

In step (b) of the invention, the gene expression level information from the three or more
genes listed in Table 1, 24, 2B, 3, 4, 14, 15 and/or 16 may be used alone in classifying the
patient, providing a prognosis, etc. or in combination with other information which may for

example be genotypic, phenotypic or clinical information. Optionally, the gene expression

level information from the three or more genes listed in Table 1, 2A, 2B, 3, 4, 14, 15 and/or 16
may be used with one or more of the following: expression level information from one or
more additional genes which is/are not listed in Table 1, 2A, 2B, 3, 4, 14, 15 and/or 16 (herein
referred 1o as “further marker genes™); staging information (stage 1, I, 11T or TV}, and classical
histopathological measurements such as fumour nodularity and vascular invasion. Other
factors which may be taken into account in step (b) of the invention inciude one or more of the
following: gender, age, ethnicity, previous cancer history, hereditary factors (farnily history of
cancer), weight, lifestyle factois such as diet, activity levels, aicohol consumption, recreational
drug use, whether the patient is/was a smoker and extent of habil, disease etiology, viral
infections like for example hepatitis viruses, Jiver function such as Model for End-Stage Liver
Disease (MELD) system or Child-Pugh score (cirrhosis staging systmn) and e*xpesnre to-
ionizing radiation.

Varlous methods for using such addifional information 'in combination with the gene

expression level information from the three or more immune genes of the invention will be
known to the persons skilled in the art, One such method would be to it a multi-variate model
{e.g. a cox regression model) which invelves clinical parameters and signature as independent
variables and death as a dependent variable. The model can then be used to divide the patients

into “low” and “high” risk groups. In one embodiment, a multi-variate model which involves

clinical parameters and signature as independent variables and death as a dependent variable is
used to obtain a median hazard ratio and the median hazard vatio is used as a cut-off point.
With regard to the utilisation of additional information in combination with the gene
expression level information from the three or more immune genes of the invention, reference
is made to Dusan Bogunovis et al. PNAS 2009, vol 106, no. 48, pp 20429-20434, the
teachings of which are incorporated herein by reference. Also see Figure 5 in this document.

Where step (b} utilises gene expression level information from one or more further marker
genes, then step (a) may optionally comprise determining the expression level(s) of said one or
more further marker genes, in addition to determining the expression levels of the three or
more genes listed in Table 1, 2A, 2B, 3, 4, 14, 15 and/or 16.

In at least some embodiments of the invention, the expression level(s) of one or more further
marker genes i1s/are not employed. Accordingly, in some embodiments of the invention the
gene expression profile that is used in step(b) consists of expression level information of the
three or more immune genes of the invention.

“As used herein the term a “further marker gene” includes a reference to a gene whose level of

expression is informative of, or of predictive value, in providing an HCC patient prognosis. As
such, the expression level(s) of the one or more further marker genes may be usefully
combined with the expression levels of the three or more immune genes of the invention when
classifying or stratifying the patient, providing a patient prognosis {e.g. poor or good; long or
short survival), meonitoring disease progression, predicting efficacy of a therapeutic
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lntervention, selecting treatment for the patient, or evaluating the efficacy of a therapeutic
intervention. '

Those skilled in the art will appreciate that the manner in which the one or more further
marker genes may be employed in the methods of the present invention will depend on the
marker gene. For example, it is envisaged that the expression of some further marker genes
will be positively correlated with good patient outcomes. Conversely, it is envisaged that the
expression of other further marker genes may be negatively correlated with good patient

-outcomes. Moreover, for some marker genes it may be necessary to quantify the expression of

the gene (either in relation to polynucleotides derived therefrom (e.g. mRNA) or in relation 1o

‘proteins / polypeptides encoded thereby) whilst for others it may merely be necessary to

determine if expression of the marker gene 1s present or absent for the marker gene to be of
predictive value.

Examples of further marker genes whose expression levels may usefully be employed in step
(b) of the invention include immune-related genes and tumor-associated genes The following
publications may also be useful in identifying possible further marker genes: Budhu er al
(2006) Cancer Cell 16:99-111; Lee et al. (2004} Hepatology 48:667-76; Hoshida et al.. N Engl |
J Med 2008;359:1995-2004.; Chen et al. Mol Biol Cell 2002:13:1929-39; Lizuka et al. Lancet
2003:361:923-9; Breuhahn et al. Cancer Res 2004:64:6058-64; Ye et al. Nat Med 2003:9:416- -
23; Midorikawa et al. Cancer Res 2004,64.7263-70; Boyault et at Hepatology 2007:45:42-52;
Chiang et al. Cancer Res 2008:68:6779-99 and Hoshida et al. Cancer Res 2009; 69:7385-92,
These publications may also provide guidance on how such one or more further marker genes
may be employed in analyzing HCC patients, such as to provide a prognosis.

The expression levels of the one or more further marker genes may be determined from the
same patient-derived tumor sample as the three or more immune genes of the invention or
from a differeni biological sample from the patient. Examples of sources of sample material
for determining the expression of the one or more further marker genes include peripheral
blocd, tamor cells and non-tumor cells. The assay material may optionally be cells, tissue or
serumn.

The expression levels of the one or more further marker genes may be determined from the
same patient-derived tumor sample as the three or more immune genes of the invention or
from a different biological sample from the patient. Optionally, where the expression levels of
one or more further marker genes are employed in the present invention, the expression levels
of at least 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 50, 60, 80,
100, 120, 150, 165, 180, 200, 225, 250, 275, 300, 325, 350, 373, 400, 425 or 430 further
marker genes are emiployed.

Optionally, where the expression levels of one or more further marker genes are employed in
the present mvention, the expression levels of no more than 1, 2, 3,4, 5,6, 7,8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 44, 50, 60, 80, 100, 120, 150, 165, 180, 200, 225,
250, 275, 300, 325, 350, 375, 400, 425, 450, or 475 further marker genes are determined.

In at least some embodiments of the invention, in addition to determining the expression of the

* three or mors gé-na‘:s fisted i Table 1, 2A, 2B, 3, 4, 14, 15 and/or 16, and optionally also the

expression of the one or more further marker genes, the expression level of one or more
normalizing or control genes may be determined. This is discuased {urther below.

The expression levels of the three or more immune genes of the invention (and, if applicable, .
optionally also those of the one or more further marker genes) may be used to generate an
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expression profile. An expression profile of a particular sample is essentially a "fiagerprint” of
the state of the sample - while two states may have any particular gene similarly expressed, the
evaluation of a number of genes simultaneously allows the peneration of a gene expression
profile that is characteristic of the state of the cell or tissue. Thus, an "expression profile" may
be considered as referring to the collective pattern of gene expression by a particular cell type
or tissue under given conditions at a given-time. Where an “expression profile” is predictive it
may be used synonymously with the term “gene signature”. The use of expression profiles

- allows normal tissue o be distinguished from, for example, cancerous fissue, or cancer tissue
(c.g. biopsied material) to be compared with tissue from surviving cancer patients (e.g.

patients known to have a good or poor disease outcome). Comparing expression profiles in
different cancer states identifies genes (e.g. up- and down-regulated genes) that are important
in each of these states. Molecular profiling may distinguish subtypes of a currently collective
disease designation, e.g., different forms or stages of a cancer. In the present invention, the
expression profile may be used in classifying or stratifying the patient, providing a patwnﬁ:
prognosis {e.g. poor or good; long or short survival), monitoring disease progression,
predicting efficacy of a therapeutic intervention, selecting ireatment for the patient, or
evaluating the efficacy of a therapeutic intervention ele., e, the expression profile may be
used in step (b) of the methods of the present invention. As will be appreciated from the above
discussion, the expression profile may be used alone in step (b) or with other information such -
as staging mf ormation, cancer history etc.

In the present invention, the expression levels of the three or more immune genes of the
invention (and optionally those of any further marker genes) are used to analyze HCC patients,
e.g. 10 provide a prognosis for the patient. Preferably, the expression levels of the three or
more immune genes of the invention (and, if applicable, optionally also those of the one or
more further marker genes) are normalized. Normalization enables factors which may cause

results to vary between assays to be minimized or corrected for (normalized away). Potential

sources of variation will obviously depend on how the expression levels are determined but
may, for example, include: variations in the amount or quality of RNA or other assaved
material, variations in hybridization conditions, label intensity, or “reading” efficiency. In a
preferred embodiment, the expression levels of the immune genes of the invention (and
optionally those of any further marker genes) are divided by the expression level of a
normalizing gene to thereby normalize the measurements, Optionally, the normalizing gene is
a constitutively expressed house-keeping gene such as ACTB, the beta-actin gene, the
transferrin receptor gene, the GAPDH gene or Cypl. Other examples of normalizing genes
includes RPS13, RPL27, RPS20 and OAZI. Reference is also made to Evidence Based
Selection of Housekeeping Genes by Hendrik et al. Plos one 2007 for further examples of
housekeeping genes which may be emploved. Software may be used to normalize the
expression levels. MxPro software (Stratagene) may optionally be used. In a particularly
preferred embodiment of the invention, the expression levels of the immune genes of the
invention (and, if applicable, optionally also those of the one or more further marker genes)
are normalized to ACTB using MxPro software (Stratagene).

Alternatively or additionally, normalization can be based on the mean or median value of each
or ail of the assayed genes or a large subset thereol (global normalization approach). In a
preferred embodiment, alternative or additional normalization of the immune genes of the
invention is performed with the median value of each particular gene according to training
cohort {Sg cohoert) (See Table 10 in Example 2 for the median values of each gene from Sg as
the training cohort).



10

15

20

30

35

40

W 201 2/096631 PUTISG2012/0600014
1

For the avoidance of doubt, the terms “gene expression level information”, “expression levels”,
and “expression vaiues™ and like expressions include (unless the context indicates otherwise) a

~ reference to the expression levels themselves (l.e. absolute expression levels) or data derived

therefrom e.g. where the expression level values have been (ransformed, for example to
provide normalized expression values, or relative expression values. Relative expression
values may suitably be obtained by normalizing the expression levels to a housekeeping gene
and then to median values of the particular gene from individual cohorts of patients such as

training or  validation cohorts (see e.g. Table 10). The term “gene expression level
‘information” may refer to the gene expression level information of the three or more immune

eenes of the invention and / or, if applicable, the gene expression level information of the one

or more further marker genes, unless the context indicates otherwise. As discussed below,

gene expression level information may be generated by quantifying expression of a peptide or
polypeptide encoded by the gene, or a polynucieotide derived from the gene (e.g. RNA
transeribed from the gene, any ¢cDNA or ¢cRNA produced therefrom, or any other nucleic acid
derived therefrom).

Persons skilled in the art will be able to appreciate that the gene expression level information
may be used in various ways to analyze the patient e.g. to stratify or classify the patient, or
provide a prognosis etc. As mentioned above, the patient may be analyzed on the basis of the
expression levels alone, or on the basis of a combination of the gene expression level
information with other information such as clinical information.

In at least some embodiments of the methods of the present invention, step (b) comprises
deriving a value from the expression levels of a combination of the three or more immune
genes of the invention {and, if applicable, optionally also those of the one or more further
marker genes) and comparing the value with a threshold value, A determination that the value
derived from the gene combination is below or a above a threshold value (e.g. as defined by an

algorithm such as the SVM algorithm) indicates a particular prognosis (e.g. a good or poor

prognosis), Preferably, in at least some embodiments a determination that the value derived
from the gene combination is below a threshold value indicates a poor prognosis whilst a
determination that the value derived from the gene combination is above a threshold value
indicates a good prognosis, Conversely, in other embodiments of the invention a determination
that the value derived from the gene combination is below a threshold value indicates a good
prognosis whilst a determination that the value derived from the gene combination is above a
threshold value indicates a poor prognos:s. '

In the SVM (Support Vector Machine) algorithm described below (“Algorithm 17) the
threshold value is 0 and the determination that the value derived from the gene combination is
below a threshold value as defined by the algorithm indicates a poor prognosis whilst above
the threshold value indicates a good prognosis. The hyperplane as determined from machine-
learning process using training cohort is a general plane that separates the space into two half
spaces. It divides the 2 classes of above and below the threshold value of zero. Details of how
to derive the value from the gene combination may be found in Algorithm 1 below. The
formula given in the algorithm is used to derive a value from the levels of any combination of
genes and the resulting value is compared fo the threshoid.

Support Vector Machines are based on the concept of decision planes that define decision
boundaries. A decision plane is one that separates between a set of obiects having different
class memberships. With regard to use of threshold values and the use of Support Vector
Machines reference is made to Burges. A tutorial on support vector machines for pattern
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recognition. Data mining and Knowledge discovery, 2, 121-167 {1998), the teachings of which
are incorporated herein by reference.

In at least some embodiments of the invention, the expression levels of the three or more
imrune genes of the invention (and, if applicable, optionally also those of the one or more
further marker genes) take the form an expression profile. The expression levels may for
example be normalized expression levels or relative expression levels ete. Methods of the
invention are provided where step (b) comprises determining the similarity of the expression
profile to one or more templates of a parficular HCC type or prognosis {(e.g. good or poor
prognosis, long or short survival), wherein the degree of similarity (including dissimilarity) of
the expression to a template (or templates) of a particular HCC {ype or prognosis indicates
whether the patient has the particular HCC type or prognosis respectively. Suitably, similarity
is indicative of a particular HCC type or prognosis, whereas dissimilarity is indicative that the
patient does not have the particular HCC tvpe or prognosis. As discussed herein, other
information (e.g. staging information) may also be used in analyzing the patient, e.g. in
providing a particular prognosis or classifying / stratifying the patient into a particular subtype.

A template of a particular prognosis svitably comprises gene expression levels characteristic
(i.e. representative} of the particular HCC type or prognosis. In some embodiments of the
invention, the template may be determined as described in steps § to 2 o' 1 to 3 of algorithin 3
{optionally with different values being assigned to the “bad™ prognosis-correlated genes and
“good” prognosis-correlated genes, such as a positive or negative multiples of the values used
in Step 2 (1 and -1}). In some embodiments of the invention, each expression level in the
teroplate is an average (mean, mode or median) of expression levels of the gene in a plurality
of individuals (e.g. at least 2, 3, 4, 5, 8, 10, 12, 15, 20, 30, 40, 50, 60, individuals) determined
as having said particular HCC type or prognosis / outcome.

A poor prognosis template accordingly comprises gene expression values characteristic of
poor prognosis patients, whilst a good prognosis template accordingly comprises gene
expression. values characteristic of good prognosis patients. In a preferred embodiment, each
of the gene expression values in the poor or good prognosis template is an average (mean,
mode or median) of expression levels 6f the gene in a plurality of poor or good outcome
patients, respectively. '

In one embodiment, step (b) comprises determining the similarity of the expression profile to a
good prognosis templale and/or a poor prognosis template, and wherein said patient is
classified as having: (1) a good prognosis if said expression profile is similar to the good
prognosis template and/or is dissimilar to the poor prognosis template; or (i) a poor prognosis
if' said expression profile is dissimilar to the good prognosis template and/or is similar to the
poor prognosis teraplate. In one embodiment, the sumilarity between the expression profile and
the template is determined as being “similar” or “dissimilar” where the similarity is above of
below a predetermined threshold respectively. In another embodiment, the similarity between
the expression profile and the template is determined as being of “similar” or “dissimilar”
where the similarity is below or above a predetermined threshold respectively.

In one embodiment, step (b} comprises determining the similarity of the expression profile to a

goad prognosis template and a poor prognosis template, and wherein said patient is classified

as having: (i} a good prognosis if said expression profile has a higher similarity to said good

prognosis template than to said poor prognosis template; or (il) a poor prognosis if said

expression profile has a higher similarity to said poor prognosis template than to sald good
prognosis template. '
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In at least some embodiments of the invention, similarity between a patient's expression
profile and a template 1s represenied by a distance between the patient's expression profile and

- the template. In one embodiment, a distance below a given value indicates similarity, whereas

a distance equal to or.greater than the given value indicates dissimilarity. In one embodiment,
distance is “cosine distance”. Methods of caleulating cosine distances will be known to those
skilled i the art but cosine distance may ogptionally be calculated using the formula in step 4
of Algorithm 3. With regard to the use.of cosine distance, reference is also made to P.-N. Tan,

- M. Steinbach & V. Kumar, "Introduction to Data Mining”, Addison-Wesley (2003), 1SBN 0-

321-32136-7, chapter 8; page 500, the teaching of which is incorporated herein by reference.
Other methods of calculating distance will be known to those skilled in the art and include, for
axample, Buclidean distance and Hamming distance. With regard to- Buclidean distance
reference is made to Blena Deza & Michel Marie Deza (2009) Encyclopedia of Distances,
page 94, Springer, the teaching of which is incorporated herein by reference. With regard to
Harmoming distance, reference is made to Hamming, Richard W. (1950), "Error detecting and
error correcting codes", Bell System Technical Jownal 29 (2): 147-160, MRGO35935, the
teaching of which is incorporated herein by reference.

Patients may be analyzed (e.g. classified, provided with a prognosis, treatment selected ete.)
using the gene expréssion information using any means known in the art. In general, the -
expression values of a training cohort are used to build a mathematical model which takes
gene expression values as input and output the proguosis ouicome. The mathematical model is
then uged to classify {e.g. assign a poor or good prognosis to) new patients.

There are many machine learning algorithms which may be used in the present invention e.g.
decision trees, artificial neural networks, genetic algorithims, Bayesian networks, ete. and

~accordingly in at least some embodiments of the invention step (b) of the maihods of the

present invention is performed using a machine leaming algorithm.

In preferred embodiments of the invention step (b) may be performed using software
spectfically designed or adapted to perform step (b).

Preferably, step (b) of the methods of the present invention is performed using at least one
algorithm. Preferably, the “at least one al,g;orithm‘" is 1,2, 3, 4 or 5 algorithms. Preferably,
enhanced accuracy, specificity and/or sensitivity is d@h;evcd with the combination of 2 or
more algorithms.

Preferably, step (b) is performed using a SVM algorithm, a KNN algorithm or a combination
of an SVM and a KNN algorithm. Enhanced accuracy, specificity and sensitivity can be
achieved with the combinaticn of the SVM and KNN algorithms. As discussed above,
information (e.g. staging information) may optionally be combined.

Where step (b) is performed using the SVM algorithm, a preferred embodiment provides that:
the three or more genes of Table 2A are at least 3, 4, 5, 6 and/or all of the genes listed in Table
2A and/or any combination thereof] the three or more genes of Table 2B are at least 3,4, 5, 6
and/or all of the genes listed in Table 2B and/or any combination thereof; the three or more
genes of Table 1 are at least 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14 and/or all of the genes listed in
Table 1 and/or any combination th\,n,of, the three or more genes of Table 14 are at least 3, 4,

5,6, 7 and/or all of the genes listed in Table 14 and/or any combination thereof; the three or

more genes of Table 15 are at least 3, 4 and/or all of the genes listed in Table 15 and/or any
combination thereof; or the three or more genes of Table 16 are at least 3, 4 and/or ail of the
genes listed in Table 16 and/ot any combination thereof.
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In a preferred embodiment of the invention, step (b) is performed by application of an SVM
algorithm as described in Algomhm 1 and dasqmes a patient as having a good or poor
pxognoszq

Where step (b) is performed using the KNN algorithm, a preferred embodiment provides that:
the three or more genes of Table 3 are at least 3, 4, 5, 6, 7, 8. 9, 10 and/or all of the genes
listed in Table 3 and/or any combination thereof; or the three or more genes of Table 1 are at -
least 3,4, 5,6,7.8,9,10, 11, 12, 13, 14 and/or all of the genes listed in Table 1 and/or any
combl.naiion ihcrcof. : :

In a preferred embodiment of the invention, step (b} is performed by application of a KNN
algorithm as described in Algorithm 2 and classifies a patient as having a good or poor
Prognosis. :

Where step (b) is performed using the combingtion of an SVM and a KNN algorithm, a
preferred embodiment provides that: the three or more genes are at least 3, 4, 5,6, 7, 8, 9, 10,
11, 12 or 13 of the genes selected from the group consisting oft CCL2, CLL’S CCRZ, CDSA
CXCL10, fC(;R‘iA? L6, NCR3, TBX21, ﬂ R3, TLR4, TFNG and T\H*

in some cmbodiments of the mvention, step (b) 18 performed using an NTP algorithm.
Preferably, when step (b) is performed using an NTF algorithig, the patient is a patient with -
stage 1 or HI HCC. The NTP 14-immune genes prediction method is able to predict survival
of HOC patients from Stage 11 & 1T which usually have very similar survival profiles (p=ns).
This is very useful for HCC patients from Stage 11 or 1II where timor staging alone is not able
to segregate patients into good or poor Prognosis.

Where step (b) 1s performed using an NTP aigorithin, a preferred embodiment provides that:
the three or more genes of Table 4 are at least 3,4, 5,6, 7, 8,9, 10, 11, 12, 13 and/or all of the
genes listed in Table 4 and/or any combination thereof, or the three or more genes of Table 1
are at least 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14 and/or all 01’ the genes listed in Table 1 and/or
any combination thereof.

To determine the expression level of a gene any sultable method in the art may be vsed. Gene
expression may be assessed in relation to protein / polypeptide encoded by the gene, such as
by Immunochistochemistry, Western blotting, mass-spectrometry, flow cytometry, uminex,
BLISA, RIA, etc. Alternatively, the expression level may be determined in relation 1o a
polynucleotide derived from the gene, ¢.g. mRNA or nucleic acids derived therefrom such as
cDNA or amplified DNA. Nucleic acid may optionally be amplified prior to or during its
guaniification. Examples of nucleic acid amplification technigues include, but are not limited
to, polymerase chain reaction (PCR), reverse transcription polymerase chain reaction (RT- -
PCR), transcription-mediated amplification (TMA), ligase chain reaction (LCR), strand
displacement amplification (SDA), and nucleic acid sequence based amplification (NASBA).
Those of ordinary skill in the art will recognize that certain amplification technigues (e.g.,
PCR) require that RNA be reversed transcribed to DNA prior to amplification (e.g., RT-PCR),
whereas other amplification techniques directly amplify RNA (e.g., TMA and NASBA).

To determine the expression levels of the immune genes of the invention {(and, if applicable,
optionally also those of the ene or more further marker genes) RT-PCR, qRT-PCR, ¢PCR,
hybridization or sequencing analysis may optionaily be used.

In a preferred embodiment of the present invention a microarray kit or quantitative PCR
(qPCR) is used. Accordingly, in at Jeast some embodiments of the methods of the present
invention, the method comprises use of a microarray kit or gPCR to determine the expression
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level of any or all of the genes Jisted in Table 1 (and, if applicable, optionally also those of the
one or more further marker genes). Preferably, prior to carrying out gPCR RNA is extracted

- from the patient-derived tumor sample and / or the RINA is reverse transcribed. Methods for

generating cDNA from mRNA are well known in the art. Typically, purified mRNA is primed
using a polvdT sequence or random primers. A reverse transcriptase is then employed to
synthesise DNA complez nentary to the mRNA sequence. Second strand synthems is ‘then
performed.

The prasent invention provides microarrays for use in the methods of the invention, which

microarrays comprise a plurality of probes capable of hybridizing to the said three or more

‘genes selected from the genes listed in Table 1, the genes listed in Table 24 or Table 2B, the

genes listed in Table 3, the genes listed in Table 4, the genes listed in Table 14, the penes
listed in Table 15, and:m the genes listed in Table 16. Preferably, there is provided a
microarray in which at least 50%, 060%, 70%, 80%. 50% or 95% of the probes are probes
which are capable of hybudizing to the said three or more genes selected from the genes listed
in Table 1, the genes Hsted in Table 2A or Table 2B, the genes listed in Table 3 Table 3, the
genes listed in Table 4, the genes listed in Table 14, the genes histed in Table 15, and/or the
genes listed in Table 16, Optionally, the microarray may be provided in a container or witl
instructions for use m a method of the present inveniion so as to thereby provide a microarray
kit.

Step (b) of the methods of the present invention can be performed by using a computer. Thus,
in a preferred embodiment step (b) is performed using a computer system or computer
software product of the invention. Computer software products of the invention typically
include computer readable media having computer-executable instructions for performing step
(b) of the methods of the invention. Suitable computer readable medium include floppy disk,
CD-ROM/DVD/DYID-ROM, hard-disk drive, flash memory, ROM/RAM, magnetic tapes and

“ete. The computer executable instructions may be written in a suitable computer language or

combination of several languages. The software may opimnaily include instructions for the
computer system's processor fo receive data structures that include the level of expression of
the three or more immune genes of the invention (and optionally one or more further markers)
and optionally further information to be used in the analysis e.g. staging information, patient's
age, weight ete. The software may include mathematical routines for analyzing the data.

The present invention also includes a computer system programmed fo perform step (b) of the
methods of the present invention. A computer system comprises internal components hinked to
external components. The internal components of a typical computer system include a
processor element interconnected with a main memory. The external components may include
mass storage. Cther external components nclude a user interface device (e.g. monitor)
together with an inputling device (e.g. a "mouse” and/or keyboard). Typically, a computer
system is alse linked to a network, such as the Internet. This netwerk hink allows the co'npu{er
system to share data and processing tasks with other compuler systems.

The invention will now be further defined in terms of “aspects” of the wvention, It ig intended
that where appropriate the above overview of the invention can be used to provide guidance on
the interpretation a,nd implementation of the aspects of the invention set out below.

A first aspect of the invention provides a method of analysing a patient with HCC, wherein the
method comprises:

(a) determining the expression levels of three or more genes in a patient-derived tumor
sample wherein the said three or more genes are selected from the genes listed in Table 1; the
genes listed in Table 2A or Table 2B; the genes listed in Table 3, the genes lzsted i Table 4,
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the genes listed in Table 14, the genes listed in Table 15, cmd/or the genes listed in Table 16;
and

{b) using the expression levels determined in step (a) in one or more of the following:
stratifving or classifying the patient, providing a prognosis, monitoring disease progression,
predicting efficacy of a therapeutic intervention, selecting freatment for the fumor, or
evaluaiing the efficacy of a therapeutic intervention.

Optionally, the expression level information obtained in step (a) of the first aspect of the
invention may be used in conjunction with other information (e.g. staging information,
exptession level information from one or more further marker genes) when stratifying or
classifying the patient, providing a prognosis, predicting the efficacy of a therapeutic
intervention, selecting treatment for the tumor, or evaluating the efficacy of a therapeutic
intervention.

Optionally, step (&) of the first aspect of the invention [urther comprises determinipg the
expression level(s) of one or more further marker genes.

Preferably, the expression levels are normalized expression levels.

In accordance with the methods of the present invention, a patient may be classified or
provided with a prognosis {e.g. a poor or good prognosis, or short or long survival etc.). Such
prognostic information may optionally be used to stratify or classify the patient, monitor
disease progression, predict efficacy of a therapeutic intervention, select treatment for the
tumour, or evaluate the efficacy of a therapeutic intervention.

By “three or more genes” we inciude 4, 5, 6,7, 8,9, 10, 11,12, 13, 14 or 15 ganss

In one embodiment of the first ‘a%pect of the invention there is provided a methed of providing
a an HCC buman paneﬂt with a good or a poor prognosis, wherein the method comprises: (a)
determining the expression levels of three or more (and preferably five or more) genes in a
tumor sample derived from said patient, which tumor sample comprises fotal tumor material,
wherein the said three or more genes are selected from at least one list of genes selected from
the group consisting of the genes listed in Tabie 1; the genes listed in Table 2A; the gencs
listed in Table 2B; the genes listed in Table 3; the genes listed in Table 4, the genes listed 11
Table 14, the genes listed in Table 15, d}}d Lhe genes listed in Table 161 and wherein the
expression levels may optionally be relative expression levels and/or normalized expression
levels; and (b) using the expression levels determined in step (a) to provide the patient with
said prognosis, optionally by determining the sumilarity of an expression profile comprising
the expression levels determined in step (2) to a good prognosis template which comprises
gene expression levels characteristic of good prognosis patients and a poor prognosis template
which comprises gene expression levels characteristic of poor prognosis patient, wherein a
higher similarity of said expression profile to said good prognosis template indicates a poor
prognosis and a higher similarity to sald poor prognosis template than to said good prognosis
template indicates a poor prognosis, Preferably, each of the gene expression values in the poor
or good prognosis template is an average (mean, mode or median) of expression levels of the
gene in a plurality of poor or good outcome patients, respectively.

A second aspect of the invention provides a method of classifying a patient with HCC as
having a poor or good prognosis comprising the steps of: :

(a) determining the expression levels of three or more genes in a patient-derived tumor
sample, wherein the gene(s) are selected from the genes listed in Table 1; the genes listed in
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Table 2A or Table 2B; the genes listed in Table 3; the genes listed in Table 4; the genes listed
in Table 14; the genes listed in Table 15; and/or the genes listed in Table 16; and

(b using the expression levels determined in step (a) in classifying the patient as
having a poor or good prognosis.

A third aspect of the invention provides a method of classifying a patient with HCC as having
a poor or good prognosis comprising the steps of:

(a) determining the expression levels of three or more genes in a patient-derived tumor
sample, wherein the gene(s) ate selected from the genes listed in Table 1; the genes listed in

Table 2A or Table 2B; the genes listed in Table 3; the genes listed in Table 4; the genes listed

in Table 14; the genes listed in Table 15; and/or the genes listed in Table 16; and

(b} classifying the patient as having a short or long survival based on the expression
levels determined in step (a), in which the patient has HCC,

In at least some embodiments of the invention, the terins “long survival” and “short survival”
are used synonymously with good and poor prognosis respectively. In at least some
embodiments, the term “short survival” refers to less than 3, 4, § or 6 years survival. In at least
some embodiments, the term “long survival” refers to more than or cqual to 3,4, 5 or & years "
¢uw1v 10

In at least some embodiments of the invention, the term “long survival” refers to when the
gene expression proﬁlg hasa hlgher sirndiarity to a long survival template | hm a short survival
terplate. -

in al least some embodiments of the invention, the term “long survival” refers to when the
gene expression profile is similar to a long survival template and/or is dissimilar to a short
survival femplate. '

In at least some embodiments of the invention, the term “short survival” refers to when the
gene expression profile has a higher similarity to a short survival template than a long survival
template.

In at least some embodiments of the invention, the term “long survival” refers to when the
gene expression profile is similar to a short survival template and/or is d;ss&mﬂa; to a long
survival template.

A fourth aspect of the invention provides a method of classifying a patient with HCC as
having a poor or good prognosis comprising the steps of:

(a) determining the expression levels of {ive or more genes in a patieni-derived tumor
sample, whersin the gene(s) are selected from the genes listed in Table 1; the genes listed in
Tabie 2A or Table 2B; the genes listéd in Table 3; the genes listed in Table 4, the genes listed

_in Table 14, the genes listed i Table 15, and/or the genes listed in Table 16; and

(b) classifying the patient as having a short or long survival based on the expression
levels determined in step (a), in which the patient has HCC. '

A fifth aspect of the invention provides a method for evaluating the efficacy of a therapeutic
intervention for treating HCC patients comprising the steps of

(a) determining the expression levels of three or more genes selected from the genes
listed in Table 1; the genes listed in Table 2A or Table 2B; the genes listed in Table 3; the
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genes listed in Table 4; the genes listed in Table 14; the genes listed in Table 15; and/or the
genes listed in Table 16; and
{b) using the expression levels determined in step {(a} in evaluating the efficacy of a

therapeutic intervention.

As will be appreciated from the above discussion, optionally, the expression level information
obtained in step (a) of the first aspect of the invention may oplionally be used in conpunction

“with otber information (e.g. staging information) when stratifying or classifying the patient,

providing a prognosis, predicting the efficacy of a therapeutic intervention, setecting treatment
for the tumor, or evaluating the efficacy of a therapeutic intervention.

Step (a) may be performed at one or more time points {preferably at least at 1, 2, 3, 4 or 5 time
points) such as before, during and/or after the therapeutic intervention. In this way, the effect
of the therapeutic intervention on the gene expression levels may be determined and this
information used in step (b) so as to enable an evaluation of the efficacy of the therapeutic
intervention. Optionally, step {a) is performed only at one time point, such as after treatment.
Where step (a) is- performed after treatment, the expression level information may be
compared with that of a non-ireated control group. in a preferred embodiment of the method
of the fifth aspect of the invention, the expression levels determined in step (a) are compared .
with those of a non-treated control and this comparison is used to evaluate the efficacy of the
therapeutic intervention {(optionally in combination with other information, such as clinical
information etc.).

In at least some embodiments of the fifth aspect of the invention, step (2) is performed before
and after the therapeutic intervention, and optionally also during the therapeutic intervention.

A sixth aspect of the invention provides a method of evaluating the efficacy of a therapeutic

intervention for treating HCC patients comprising ihe steps of

(a) determining the expression levels of three or more genes in a patient-derived tumor
sample, wherein the gene(s) are selected from the genes listed in Table 1; the genes lisied in
Table 2; the genes listed in Table 3; the genes listed in Table 4; the genes listed in Table 14;
the genes listed in Table 15; and/or the genes listed in Table 16; and

(b} using the expression levels determined in step (a) in classifying the palient as
having a poor or good prognosis, and in which classification of a patient by step (b) is
monitored before, during and/or after the therapeutic intervention.

A seventh aspect of the invention provides a2 method for evaluating the efficacy of a
therapeutic intervention for treating HCC patients compsising the steps ofd

~ {(a) determining the expression levels of three or more genes in a patient-derived tumor
sample, wherein the gene(s) are selected from the genes listed in Table 1; the genes listed in
Table 2; the genes listed in Table 3; the gencs listed in Table 4; the genes listed in Table 14,
the genes listed in Table 15; and/or the genes listed in Table 16; and

{b) dassifying the patient as having a short or long survival based on the expression
levels determined in step (a), in which the patient bas HCC, and in which ciassification of a

“patient by step (b} is monitored before, during and/or after the therapeutic intervention.

In the sixth and seventh aspects of the invention, the classification of a patient by siep (b} 1s
monitored at one or more time points (preferably at least at 1, 2, 3, 4 or 5 time points). The
classification of a patient by step (b} is preferably monitored before and after the therapeutic
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intervention; during the therapeutic intervention; before and during the therapeutic
intervention; or during and after the therapeutic intervention. In one embodiment the
classification of a patient by step (b) is monitered before, durmo and after the therapeutic
m‘iuven‘imn

The immune signature of the present invention may be useful in identifving or selecting agents
effective in treating HCC. In such instances, the expression levels of the three or more immune
genes of the invention may serve as a surrogate biomarker for drug selection or drug efficacy.
In a preferred embodiment of the fifth, sixth and seventh aspects of the mvention the
“therapeutic intervention” is experimental treatment. The patient may be receiving treatment
with one or more agents which is/are undergoing experimental or clinical trials. '

in one embodiment of the fifth, sixth and seventh aspects of the invention, step (a) is
performed at multiple time points (e.g. before and during treatment; before and after treatment;
periodically during treatment, or before, during and after treatment). In this way the expression
profile of the patient can be assessed as the {reatment progresses and the efficacy (if any} of

 the therapeutic intervention (e.g. candidate drug) can be determined.

In a preferred embodiment of the ﬁfth sixth and seventh as,puts of the mvention the
therapeutic interveniion s a necadjuvant treatment.

In the methods of the present invention, gene expression level information may be used in
selecting treatment for the patient. Accordingly, in at least some embodiments of the
invention, the patient is stratified or classified for particular treatment, or the prognosis is used
in selecting treatment for the patient. Optionally, a method of the present invention may -
comprise the further step of identifying a patient as having a particular prognosis (e.g. a poor
ot good prognesis, fong or short survival), and selecting the paf;lem for therapy or follow-up.
For example, in one embodiment a patient having a good prognosis or long survival is selected
for immunotherapy and/or liver transplantation.

An eighth aspect of the invention provides a method of treating a patient characterised as a
patient having either good or poor prognosis according to the metbod of any one of the first to
seventh aspects of the invention, wherein said patient is administered with a hepatocellular-
carcinoma immunotherapy or any other alternative freatments.

A ninth aspect of the invention provides the use of immunoctherapy or any other alternative
treatment for hepatocellular-carcinoma in the preparation of 2 medicament for the treatment of
patients characterized as having either good or poor prognoesis according to the method of any
one of the first to seventh aspects of the invention,

By “alternative treatment” it is included, for example, surgical intervention, Hver
transplantation, chemotherapy with a given drug or drug combination, radiation therapy, cell
therapy, antibody therapy, gene therapy, and neoadjuvant treatment.

A tenth aspect of the invention provides a kit for use in any one of the first to seventh aspects
of the invention, wherein the kit comprises reagents for determining the expression of said
three or more genes (or five or more genes in the case of the fourth aspect of the invention)
selected from the genes listed in Table 1, the genes listed in Table 2A or Table 2B, the genes
listed in Table 3, the genes listed in Table 4, the genes listed in Table 14, the genes listed in
Table 15, and/or the genes listed in Table 16 and wherein the kit further optionally comprises
instructions for use. The kit may be promoted, distributed, or sold as a unit for performing the
methods of the present invention.
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Preferably, the kit comprises a set of probes and/or primers which comprise a pharality of
ohgonuc}cotldm capable of hybridising to the said three or more genes selected from the genes

- listed in Table 1, the genes listed in Table 2A or Table 2B, the genes listed in Table 3, the

genes listed in 3‘1b§c: 4, the genes listed in Table 14, the genes listed in Table 15, and/or the
genes listed in Table 16, ‘

Preferably, the kit comprises primers for amplification of said three or more genes selected
from the genes listed in Table 1, the genes listed in Table 2A or Table 2B, the genes listed in
Table 3, the genes listed in Table 4, the genes listed in Table 14, the genes listed in Fablc 15,
and/or the genes listed in Table 16.

In one embodiment, the kit may comprise a microarray (see above discussion in relation fo
microarrays) to thereby provide a microarray kit, :

The kits of the tenth aspect of the invention m’zy include any and all components necessary to
perform a method of the invention,

In one embodiment of the tenth aspect of the tnvention, the kit comprises software wherein
step (b) of the methods of the invention may be perfm‘med using the software.

As discussed above, ‘the methods of the present invention may opz‘aonai]y employ one or tore .
of the following algorithms.

Algorithm 1
SYM. (Support Vector Machine) decision function of an input vector x for a patient sample is
D(X) = W.X+b,
wherein W = YouviXy, and b = <y, — W.X, >,
k

the weight vector W is a linear combimation_ of training patterns X,
vk encodes the class binary vatue +1 or -1, |

Olx is an estimated parameter,.

X i‘e_prfzseiﬁs the expression level of genes of Table 1

HDCO > 0=>X iz in class (+);

DX <0 => X 1sin class (~j; or

if D(X) = 0, decision boundary.

A determination that the gene combination(s) are below a threshold value as delined by the
SVM algorithms, indicates poor prognosis. A determination that the gene combination(s) are
above a threshold value as defined by the SVM algorithms, indicates good prognosis.

Alvorithm 2
KINN (K -Nearest Neighbour)

KNearest Meighbour algorithm makes classifications for test set from training set. For each.
patient sample of the test set, the x nearest (in Euclidean distance) patient samples in training
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set are found, and the classification is decided by majority vote, with tes broken at random. If
there are ties for the xth nearest neighbors, all candidates are included in the vote.

The Euclidean distance between two patients is given by:

. W
2
d(xjaxj} = Z(xﬂ; -xﬁ)
po

“Wherein x, ={x,,%,,..,5,,--X,} I8 gene expression level for patient sample i ;

x, = (x f.!,xm...,xﬂ{,...,xm)is gene expmssion level for patient sample 7 #nis the total number

of genes; x, and x, are expression level of gene & of sample jand jrespectively.

KNN needs the {evel of expression from the training cohort in order to run the predictive

algorithm. KNN selects the K number of closest “neighbor”™ patients, whose gene expression

profiles are most simitar to that of the patient of interest. The outcomes of the K neighbors are

known. If majority of them has poor prognosis, KNN will give a poor prognosis prediction.

Accordingly, a determination that the gene expression profile Is similar to a good prognosis

template as defined by the KINN algorithms, indicates a good prognosis; a determination that

the gene expression profile is dissimilar to a good prognosis template as defined by the KNN -
algorithms, indicates a poor prognosis.

Algorithm 3

eialant f. Kokt ar et

NTP (Nearest Template Prediction)

Siep 13

5

MTP selects genes positively or negatively correlated with sarvival wsing the Cox score
iven by the following formula. -

@5?

i3
K
.. _ o — Q—t
cox=| 3 (x, ~d, x,}J (a’ Im) ) (x ~%,)
L k=1 ' ic i fell, J
Where 7is indices of samples, x, is gene expression level for sample 7, £, is time for sample 7,
kel,.., Kis indices of unique death times 2,,2,,..., %, , d, is number of death at time z,, ny,is

=

. N * ™ — k A
number of samplesin K, =i, 2 z,, x, = Z L% .and X, = ZM x. /my .
: -2, 2, :

Gene correlated with poor prognosis has positive cox score.

Step 2:

A hypothetical sample serving as the template of “poor”™ prognosis was defined as a veclor
having the same length as the predictive signature. In this template, a value of 1 was assigned
to “poor” prognosis-correlated genes and a vaiue of -1 was assigned to “good” prognosis-
correlated genes. And then each gene was weighted by the absolute value of the corresponding
Cox score.
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Step3: |
The template of ‘;good" prognosis was similarly defined.
Stepd: |

For each sample, a prediction was made based on the proximity measured by the cosine
distance to either of the two templates. A sample closer to the template of “poor” prognosis
wag predicted as having poor prognosis.

The cosine distance between two patients is given by:

d(x;' 3 XJ,) = } - ——-—-k-il—_.__." -

Wherein SR CHIS S R

X=X, X e X s X, )

) s gene expression level for patient sample 7

is gene expression level for patient sample 7 ; Mis the total number
- x X . S 1 .

of genes; “*and “/* are expression level of gene kof sample ‘and / respectively.

NTP is a simple, yet flexible, nearest neighbour —based method designed to capture
information from a certain patiern {e.g. gene expression patterns) as related to poor or good
prognosis. Cox score 1s calculated for each gene depending on whether if°s ON (+1) or OFF (-
) in the relevant biological functions/ouicomes (e.g. poor vs good prognosis). The advantage
of this method is that it is less sensitive to differences in experimental and anaiviical
conditions, applicable to each single patient and it avoids the problem of setting an arbiirary
cut-oft of survival time.

. NTP calculates the dissimilarity (or distance) of a patient’s gene expression to a good/poor
Y 2 p £ P

prognosis template. If the distance to poor prognosis template is smaller than the distance to
good prognosis template, the patient ls predicted to have poor prognosis. Accordingly,
determination that the gene expression profile is dissimilar to a good prognosis template as
defined by the NTP algorithms, indicaies a poor prognosis; a determination that the gene
combination(s) are dissunilar fo a poor prognosis template as defined by the NTP algorithms,
indicates a good prognosis. '

Computer System and Computer Program

It will be apparent to the person skilled in the art that the methods and algorithms described
herein may be implemented as one or more computer programs executable within a computer
system.

For example, Figure 13 depicts a schematic flowchart ilfustrating the exemplary method 100
of analysing a patient with HCC described hereinbefore according to embodimeni(s) of the
present invention. The method comprises a step 102 of {2) determining the expression levels of
three or more genes in a patient-derived tumor sample wherein the said three or more genes
are selected from the genes listed in Table 1; the genes listed in Table 2A or Table 28; the
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genes listed in Table 3; the genes listed in Table 4, the genes listed in Table 14, the genes
listed in Table 15, and/or the genes listed in Table 16; and a siep 104 of (b) using the
expression levels determined in step (a) in one or more of the following: stratifying or
classifying the patient, providing a prognosis, monitoring disease progression, predicting
efficacy of a therapeutic intervention, selecting treatment for the tumor, or evaluating the
etficacy of a ther apeuhc intervention.

The computer program 100 comprises a set of executable instructions, which when executed

- by the computer system, causes the Pomputel system to perform one or more of the methods,

method steps or algorithing described herein.

For example, Figure 14 depicts an exemplary computer systern 200 for executing the computer
program according (o an embodiment of the present invention.

The computer system 200 may comprise a computer medule 202, input modules such as a
keyboard 204 and a mouse 200, and a plurality of output or peripheral devices such as a
display 208 and a printer 210.

The computef module 202 may be connected to a computer or communication network
212 via a suitable transceiver device 214, to enable access to e.g. the Internet or other
network systems such as Local Area Networlk (LAN) or Wide Area Network {WAN).

The computer module 202 in the example may comprise a processor unit 218 and a
memory unit. For example, the meinory unit may comprise a Random Access Memory

H{RAM)Y 220 and a Read Only Memory (ROM) 222. The computer module 202 may

further comprise a number of Input/Output (1/0) interfaces, for example /O interface 224
1o the display 208, and /O inferface 226 to the keyboard 204,

The components of the computer module 202 typically communicate via an
interconnected bus 228 and in a manner known to the person skilled in the relevant art.

The computer program may be embodied or encoded on a computer readable data storage
medium. For example, the computer readable data storage medium may be a hard disk
drive, an optical disk {e.g., CD-ROM, DVD-ROM, or a Blu-ray Disc) or a flash memory
storage drive. The computer module 202 may comprise a read/write device 830 such as a
floppy disk drive or an optical disk drive for reading from / writing to various memory
devices such as optical disks.

The computer system 200 may be specially constructed for the required purposes, or may
comprise a general purpose computer or other device selectively activated or reconfigured by a
compter program stored in the computer. The algorithins described herein are not inherently
related to any particular computer systemn or other apparatus. Various general purpose
machines may be used with programs in accordance with the methods disclosed herein.
Alternatively, the construction of more specialized apparatus. o psrz‘orm the required method
steps may be appropriate.

For example, the computer program may be stored in a computer readable medium and the

© software 1s loaded into the computer systemn 200 from the computer readable medium. The

computer program may then be executed by the computer system 200, in particular, by the
processor unit 218. For example, a computer readable medium baving such computer program
recorded on the computer readable medium is a computer program product. Accordingly, the
use of the computer program product in the computer system 200 enables the methods
disclosed herein according to embodiments of the present invention to be carried out.
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The computer program is not intended to be limited to o any particular programmmg language
and implementation thereof. It will be appreciated that a variety of programming languages
and coding thereof may be used to implement the methods described herein. Moreover, the
computer program is not intended to be limited to any particular control flow. There are many
other variants of the computer program, which can use different confrol flows w1thout
departing from the scope of the present invention.

Furthermore, one or more of the steps of the computer program may be performed in parallel
rather than sequentially. Such a computer program may be stored on any computer readable
medium. The computer readable medium may include storage devices such as magnetic or
optical disks, memory chips, or other storage devices suitable for interfacing with a general
purpose computer. The computer program when loaded and executed on such a general-
purpose computer effectively results in an apparatus that implements the steps of the preferred
method.

Uniess specifically stated otherwise, and as apparent from the following, it will be appreciated
that throughout the present specification, discussions wtilizing ferms such as “scanning”,
“calculating”, “determining”, “replacing”, “pencrating”, “initializing”, “outputiing” or the
like, refer to the action and processes of a computer system, or similar electronic device, that
manipuiates and transforms data represented as physical quantities within the computer system
into other data similarly represented as physical quantities within the computer system or other
information storage, transpussion or display devices.

Some portions of the description described hereinbefore are explicitly or implicitly presented
in terms of algorithms and functional or symbolic representations of operations on data within
a computer memory., These algorithmic descriptions and  functional or symbolic
representations are the means used by those skilled in the data processing arts to convey most
effectively the substance of their work to others skilled in the art. An algorithm is here, and
generally, conceived to be a self-consistent sequence of steps leading to a desired result. The
steps are those requiring physical manipulations of physical quantities, such as electrical,
magnetic or optical signals capable of being stored, transferred, combined, compared, and
otherwise manipulated.

The invention may also be implemented as hardware modules. More particular, in the
hardware sense, a module -is a functional hardware unit designed for use with other
components or modules. For example, a modnle may be implemented using discrete electronic
components, or it can form a portion of an euntire electronic circuit such as an Application
Specific Integrated Circuit (ASIC), Numerous other possibilities exist, Those skilled in the art
will appreciate that the system can also be zmpiemented as a combination of hardware and
software modules

Table 1. List of signature genes

Genes Name ‘ Other names (Alinses)
CCLE Chemokine (C-C  motil) | D175136E,  MGC17164,
ligand 5 RANTES, 5CYA3, BIBd,
CTCP228
COR2 Chermokine  (C-C__motl) | hCG_14621,  CC-CKR-,
| CCR2A, CCR2B, CD192,
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receptor 2 CKR2, CKR2A, CKRZB,
CMKBR2, FLI78302, |
MCP-1-R,  MGCI03828,
MGC111760, MGC168006
CEACAMS Carcinoembryonic antigen- | CB66b, CD67, CGMS6, |
related cell - adhesion | NCA-95
molecuie 8
CXCLID Chemokine (C-X-C motify | C7, 1¥110, INP10, IP-10,
tigand 10 SCYBLO, org-2, elP-10,
: mob-1 ‘
IFNG Interferon, gamma IFG,IFT
s Interlenkin 6  (interferon, | BSF2, HGF, HSF, IFNBZ,
beta 2) -6
NCR3 1 Natwal cytotoxicity | DAAP-O0L16.3,  1C7, |
{riggering receptor 3 CD337, LY117, MALS, |
NEKp30 7
TBX21 T-box 21 T-PET, T-bet, T1BET,
; TBLYM
TLE3 Toll-like receptor 3 CD283 _
TNF Tumor necrosis factor DADB»?’GP?.E: DIF, T NP—
‘ : alpha, TNIFA, TNFSF2
CCLz - Chemokine (C-C —mo{'if:) GICE-2, HCiL,
ligand 2 HSMCR30, MCAF, MCP-
I, MCPI, MGC9434,
SCYAZ, SMC-CF
CE8A CI38a moieculé CIDS, Leu2, MAL, p32
FCGRIA Yo fragment of lgG, high | RP11-196G18.2, Cho4d,
' affinity Ia, receptor (CD04) | CD64A, FCRE, FLIT8345,
IGFR1
LTA Lymphotoxin  alpha (TNF | DAMA-25N12.13-004, LT;
superfamily, member 1) TNEB, TNFSEL
TEHR4 Toll-like receptor 4

ARMDI0, CD284, TOLL,
hloll :
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Table Z. Signature genes suitable for SVM algorithm

. Sigmimé i Signature 2
Table 24 Table 2B
CCL5 CCLS
FCGR1A T CCR2
IFNG CDBA
L6 FCGRIA
TLR3 -~ IFNG
TLR4 L6

L INE NCRS

Table 3. Bignature genes suitable for KNNM algorithm

Siguature 1

CCL2

CCLS

CCRZ

C8A

CHCL1D

FCGRIA

Table 4. Sﬁgﬁamm genes suiiable for NTP algorithm

T
i

Signature 1
kCCLZ

.
%C@Rz

26

POTSGIO12/000014
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TLR3

TLR4

CCLS

Lo

MCR3

TBXIE

CXCLIG

TFHG

CDEA

FCGRI1A

CEACAMS

THY

27

PUF/BGIRI2B06014

Table 14, Signature genes suitable for SYM algorithm (Singapore cohort).

Signature i

CCLZ

Th8A

| CHCL1D

o

TTA

MOR3

TBE2Z1

THNF

Table 15. Bignature genes suitable for SVM algorithm {Hong Kong cobort).

I Signature |

| CORZ

CH8A
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Table 16, Sipnature genes suitable for SVM algorithm (Zurich cohort).

Signature |

CDEA

CXCEA0

iLe

TLRA

TLES

BRIEF BESCRIPTION OF THE FIGURES .
Figure 1. Combined SVM & KNN prediction method for survival. In both graphs, the upper
line in the graph is survival greater than 5 years whilst the Jower line is survival less than 5
years.

Figure 2. The combined SVM & KNN prediction method in predicting Stage [ only HCC
patients from Sg, HK and Zurich cohort all combined. The upper line in the graph is survival

greater than 5 years whilst the lower line is survival less than 5 years.

Figure 3, NTP prediction method for good vs poor prognosis prediction. In both graphs, the
upper line represents good prognosis whilst the lower line represents poor prognosis.

Figure 4. Prediction of survival of Stage 1 HCC patients using the NTP 14-immune genes
prediction method. The upper line in the graph represents good prognosis whilst the lower line
represents poor prognosis.

Figure 5 The NTP l4-ummune genes prediction methed is able to enhance the prediction

value of tumor staging in HCC patients. The upper line in the first graph represents stage 1, the
middle line stage 11, and the bottom line stage HI. The upper line m the second graph
represents predicted long term survival whilst the lower line represents predicted short term
survival.

Figure 6. The NTP [4-immune genes prediction method is able to predict swrvival of HCC
patients from Stage H and HI. In the first graph, the upper line represents stage I, whilst the
lower line represents stage 1. In the second graph, the upper line represents good prognosis
whilst the lower fine represents poor prognosis, '

¥igure 7, Identification and validation of a 14 immune-gene signature predictive of overall
survival in HCC patients. (A) Study design for the identificaiion of a 14 immune-gene
signature derived from the tramning cobort (S5g, n=57) and validated in an independent cohort
of patients from HK (n=43) and Zurich (n=55}. Heat maps showing the expression profile of
the 14 immune genes {Log values) in (B} the training cohort and in (C) the validation cohert.
Patients are classified to good or poor prognosis according to prediction by the immune gene
signature, FOR: p value of t test adjusied for false discovery rate (multiple testing). Kaplan-
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Meier analyses for sarvival in (D) the training cohort, based on leave-one-out cross-validation

~testing and in (E} the independent validation cohort. Good and poor prognosis refers to the

outcome pr edicted by the immune signature. p= Log rank test p value; HR=hazard ratio and
95% CI= 95% confidence interval.

Figure 8. Superior prognostic power of the 14 immune-gene signature compared to clinical
parameters, Kaplan-Meier analyses for survival of (A) stage 1 patienis (n=55, training and
validation cohort) according to the immune gene signature accurately predicts patient survival;
(B) stage [ patients according to grade {n=50); {C) stage II patients (n=46, training and

“validation cohort) according to the immune gene signature accurately predicts patient survival
‘and (D) stage 11 patients according to grade (n=43), p=Log rank test p value; HR=hazard ratio

and 95% ClI= 95% confidence interval. (E) The plot shows hazard ratios with 95% confidence
interval for subgroup of patients according to clinical and demographic characteristics. Age:
Median= 61; AFP Conc: Median= 20 ng/ml; Tumor size: Median= 4.3 cm.

Figure B, CXCLI10, CCL5 and CCL2 expressions correlate with tumor infiltration by T and
NK eells. {A) CXCLIO, CCL5 and CCL2 RNA positively correlate with TBX21, D84 and
NCR3 in BCC patients (training and validation cohort, n=172) but not with CDI4, CDES,
CDI9 CDE3, L3, 117, FOXP3 or ILI0. Graphs show p valies against Pearson correlation
coefficients 1. Dotted line shows himit of Slgni'ﬁtdmu {(p<0.05). (B) Representative 1F images
showing higher density of CXCL10- prressmg cells {r f,d} in a tumor sample with high (lefl) -
versus low (right) density of infiltrating CD8" and CDX56" cells as quantified by THC. The area
in the rectangle is magnified in the left nset. Bar=50 pm; 400x magnification. {C) Correlation
of CXCLIO protein expression with the density of CDE (lefty and CDS6" (right) immune
cells. CXCL10 expression was determined by quantification of CXCL10-labeled area, CD8’
and CD56" ceﬂ (en‘%iﬁcs were measured by THC in turnor fields of patient samples (CDE":
n=27; CD56™: n=19, wraining and validation cohort). P values and correlation coefficients (1)
WETE ca}culat@d using Spearman’s correlation test. ‘

Fipure 18, CXCL10, CCLS and CCLZ are produced by both immune and cancer cells within
HCC tumors. (A) oPCR analysis of CXCLI0, CCLS and CCLZ RNA expression mn purified
tumor cells (Tumor), tumor-infiltrating leukoceytes (T1L) and unfractionated HCC nodules
(HCC) from freshly resecied tumors. The rhamokine are expressed in all three compartments,
Graphs show means and SD normalized to Tumor. (B) Representative 1HC images of
CXCLA0 (feft) and CCLS (right) showing expression in cells with cancer cell morphology.
Bar= 50 pm; 200x magnification. (C) Representative IF images showing co-localization of
CXCL10 and CD68. Bar= 20 wm; 800x magnification. {D) Representative 1F images showing
co-localization of CCLS with either C1368 or CD3. Bar= 20 um; §00x magnification.

Figure 11, The production of CXCL10, CCLS and CCL2 by HCC cell lines is induced by
IFN-y, TNF-¢ and TLR3 ligands. ELISA for (A} CXCLIO, (B) CCLS and (C)y CCL2
concentration in culture supernatants from SNU-182 HCUT cell hine 24 hours after stimulation
with IFN-y, TNF-o and/or poly(1.C). Two-tailed Student’s unpaired t-est; * p<0.05;
<001, **¥*p<0.001 compared to upstimulated control. Graphs show meanps and 8D from 3
independent experiments. (D) CXCLIO, CCLS and CCLZ2 RNA are positively correlated with
IFNG, TNF and TLRZ in HCC patients (training and validation cohort, n=172). Graphs show p
value against Pearson correlation coefficients r. Dotied lines show limits of significance for v
{(x=0.15) and p (p=0.05). () Transmigration assay with PBMC isolated from healthy donors

- (n=3) towards unstimuiated or stimulated SNUIB2 cells with TFNy and poly(L:C) 24 hours

prior to transmigration. In blocking experiments, PBMC were prétreated with anti-CXCR3 and
anti-CCRS neutralizing antibodies at 37°C for 1 2 hours, Graphs show means and SEM. P
values were caleulated using paired ttest against basal transmigration towards unstimulated
HCC. * p<0.05.
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Figure 12, High chemokine expression levels, hence tumor infiltration by T and NK ceils, are
associated with superior patient survival. (A) Representative THC images of CDB and CD56

. labelling showing higher density of CDD8" T and CD56" NK cells in tumor from patients with

fonger swvival (> median survival=3.9 yrs}. Bar=50 um; 200x I}"d}_jrllﬁCEiﬁOI]. (B) Kaplan
Meier analysis showing high density of intratumoral CD8™ and CD56" immune cells is
associated with superior patient survival. A subset of patients was chosen for immune cell
quantification by [HC (CD8&: n=46, median=74 cells per fied; CD56: n=36, median= 42 cells

- per field; training and validation cohort). p=Log rank p value; HR=hazard ratio and 95% Ci=
95% confidence interval. (Cy CXCLIO (n=26) IF and (D) TLR3 (n=39) IHC staining area

positively correlated with the density of activated caspase-3-positive tumor cells. = Spearman
(CXCLI0Y or Pearson {TLR3) correlation coellicient. {E) Downregulation of CXCLI0 CCLS,
CCL2 and TLR3 RNA expression in stage H, Iil and IV {(n=114) compared to stage I HCC
patients (n=57). Graphs show means and SEM. P values were calculated using two-tailed
Mann-Whitney test. * p<0.05; **p<0.01; ***p<0.001. (F) Model showing that the
inflammatory cytokines TNF-o and IFN-y and TLR ligands stimulate cancer cells or
macrophages to produce the key chemokines CXCLI0, CCL5 and CCL2. These chemokines
induce tumos-infiltration by Thi, T8 T and NK cells which induce cancer cell killing and
tumor control. Positive feedback loops result from the production of IFN-y by activated T or
NK cells that further enhance CXCL10 production {see top arrow marked “IFNg”) and C CL5

by activated T cells that can attract more T cells (see right-hand, circular arrow).

Figare 13 depicts a schematic flowchart illustrating an exemplcuy method of analysing a
patient with HCC according to embodiment(s} of the present invention.

Figure 14 depicts an exemplary computer system for executing a computer program according
to an embodiment of the present invention.

Figure 5 Validation of NTP analysis by Bootstrapping analysis. (A)Kaplan Meier analyses
on training cohort (5gn=55) and validation cohort (HK, n= 43 and Zurich, n=55) based on
Bootstrapping analysis. p=log rank p value; 95% Cl= 95% confidence interval. (B)Kaplan
Meier analyses on Stage 1 (n=55) and Stage 1I n=46) HCC patients based on Boolstrapping
analysis.p= log rank p value; 95% ClI= 95% confidence interval.

Figure 16 Lack of predictive power of clinical parameters for overall survival in stage T HCC
patients. (A)Overall survival profile for Stage T patients (n=535, both training and validation
cohort). (ByGraph shows Kaplan-Meler analysis (log rank p value) Stage [ patients according
to alfa-fetoprotein (AFP) level {Median 17 ng/ml}. 95% Cl= 95% confidence interval.
(C}Graph show‘% K apicm Meier ana ysis (Iog: rank p vaiuc—:} ‘%taga I pa‘dcnis 'i{:mrding o tumor

Stag;c H paimm (n”% berh traming and vahdaﬁon CUhOf}f).(E)Gfap.fl shows delan ~Meier
analysis (log rank p value) Stage Tl patients according to alfa-{etoprotein (AFP) level (Median
30 ng/ml). 95% Cl= 95% confidence interval. (¥F}Graph shows Kaplan-Meler analysis {log
rank p value) Stage 1l patients acgordmg to tumor size, cm (Median= 5 cm). 95% Cl= 95%
confidence interval.

Fignre 17 CXCL10 proic—:m cxpxeqsmn correlates with RNA expression and patient
survival.(A)Percentage of various immune subsets expressing CXCR3, CCRS5 and, CCR2 in
PBMC from healthy donors (HD) or HCC patients (HCC pt), non-tumor tissue-infiltrating
leukocytes (NIL), or tumor-infilrating leukocytes (TIL). Analysis performed with flow
cytometry, HD PBMC n=10, HCC pt PBMC, TIL and NIL =5, Blood samples from healthy
donors were obtained from the Singapore Health Science Authority blood bank and blood and
tumor tissues from HCC patients were obtained from Singapore General Hospital (SGH), all
with Fthics Commuttee approval.
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(B)CHCLI10 IF staining area correlates with RNA expression analyzed by gPCR(Sgn=13, HK
n=8, Zurich n=4). r=Pearson correlation coefficient.

- (CYKaplan meieranalysis of CXCL10 I staining area shows its correlation with superior

patient survival (Sgn=13, HK n=7, Zurich n=5). Median staining .:uea“346 um2. v= log rank p
value; 95% Cl= 95% conﬁdmce interval.
{D)Kaplan meieranalysis of CXCLI0 RNA from qPCR shows its r;onelation with superior
patient survival (Sgn=13, HK n=7, Zurich n=5). Median staining area=346 pm?2. p= log rank p
value; 95% CI=95% confidence interval.

Figure 18 Lack of association of patient survival with the density of tumor-infiltrating
CD68+macrophages. (A)Representative images of CD68 [HC staining in fumors (red)
showing no difference between long versus short survival patients, Bar=30 pm; 200x
magaification. Median survival=3.9 yrs. (B)Kaplan Meier analysis on density of CD68+reells
quantified in 10-15 random 100x magnification fields in patient tumor samples (Sgn=20, HK
=8, Zurich n=5) and showed no association with patient survival. Median value for
CD68+cells was 353 cells per field: 95%CI= 95% confidence interval

In order that the invention may be readily understood and put into practical effect, the .
following non-limiting examples are provided. '

EXAMPLE 1
Haow the invention was derived and miain characteristics (performance)

The invention was derived from modeling of immune gene expression pattern from both
Singapore (=617, Hong Kong (n=56} and Zurich (=55} cohort of HCC patients using support
vector machine {SVM), K-Nearest Neighbor (KNN) as well as Nearest Template Prediction
(NTP) computational maéﬁ:]mg, pmg,lammes Different prediction modeling methods were
explored:

0y Singapore HCC cohort as training set and Hong Kong and Zurich HCC cohort
{combined) as validation set using three different algorithms & a combination of two
algorithms:

a, SYM (<> 5 years survival as cut-off point). The best 2 immune gene signatures are
indicated in the table below together with averaged performance for both cohorts: accuracy,
specificity {prediction of good prognosis HCC patients (survival years>=5 years)], sensitivity
[prediction of poor prognosis HCC patients (survival years<5 years)} & Kaplaz} Meier survival
ana]ysr; p value.
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Table &5
SG == 5G ‘ SG -> HE+Zurich
o %) w ; & 2 » o
s % & B g % &
, = <3 @, R - c. Z g
{renes s Ex = o o ) = =
Eo8 & & &E 8. 2 &
g = - o) <
OCLS
FOCGRIA
']FNG L6 il' 91.3 70 g;% 73.5 769 690 850
TLR3 '
TLR4 ITNF
CCLS
CCR2 :
CD84 76. . (3:003 ;. . . 0.00
FCGRIA 12 87.0 6312 5 763 822 6777 004
IFNG Lo : '
NCR3
B. KNN (<> 5 years survival as cut-off point). An algorithm similar to SVM & the

performance 1s as good as SYM. The best gene signature with the combination of 11 genes is
listed in the table below. The § common genes with SVM are {’Cjif CCR2, CD8A, FUGRIA,

L6, NCR3, TLR3 and TLR4.

Table§
S5G->5G S5G->HK

Genes ) o 3 &
ccLz

CcCLs

CCR2

CD8A

CXCLI . _

0 by - - OOO _ (}‘60
FOGR] /8_.6 913 632 [, 1667 682 645
A LG}

NCR3

TBX21

TLR3

TLR4
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€. SVM combined with KNN. Predictions from the 2 best gene signatures from SVM as

well as the 1 best gene signatures from KINN were combined to give a final survival prediction

with enhanced accuracy shown in table below & Figure 1 (see schematic overview of the
design). 13 immune genes: CCL2, CCL3, CCR2, CD8A4, CXCLI0, FCGRIA, 116, NCR3,
TRX2], TLR3 TLR4, IFNG and TNFA were involved in the SVM & KNNMN combined
prediction method. Enhanced accuracy, specificity and sensitivity can be achieved with the

combination of 2 independent prediction methods (VM & KNN).

S KN N

voting

.

Table

5G>8G  1SG>HK
[} 22 ol w L ] ot

& ¢ 5 B 5 % 5 B
o s ;_q‘i LU 5 8. ;ﬁ, it:ﬁ
-
31 <0.0 - (.00

Combine | g 684 920 o 1750 710 718 o

d 5VM|

+ KNN

Multivariate analysis using fumor stage, tumor size and the combined SVYM & KNN prediction -

method shows that the prediction method is an independent predictor of survival with p value
as good as tumor stage as shown in the table below:

Table8

Univariate analysis” Maltivariate Analyais®
Variable Hazard  Ratio pvalue : )

(95% Clc} ‘ Hazard Ratio  pvalue

(95% CI)
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Sg, training set, n=61 ‘
SV + KINN 7.742 (2.94- <0.0001% 4699 (1.955 - 0.0005%
- 2039) 11.296) '
TMN Stage (1/ 11/ 111 na 0.0015%* £.963 (1.253 - 0.0033*
o : ' 3.076)
Tumer size, em (>6Hem) o 07433 (0.2486- 0.5955 n.a. n.a.
; 2.222)
HEAZurich, validation set,
n=111
SYM + KN 329 (1.773- - 0.0002* 2114 (12127 - 0.0083*
‘ _ 6.106) 3.684) ‘
TWIM Stage (17 11/ 10/ 1Y) na. o <0.0001* 1.876 (1.2752 - 0.0014%
: - 2.7758% '
Tumor size, cm (>6om) 1.935  (1.068- ©.0295%* 1.263 (0.6659 - 0.4748
3.567) 2.395)

“Univariate analysis, Kaplan Meier.
"Multivariate analysis, Cox propertional hazards regression.
‘050, Cf, 95% confidence inferval,

* Significant.

The combined VM & KNN prediction method also performs well in predicting Smge.i only
HCC patients from Sg, HK and Zurich cohort all combined n=55 (KM graph shown in Figure
2), showing its superiorily in predicting survival of early stage patients.

d. NTP. This algorithm creates a template for good vs poor prognosis prediction which is
independent of the definition of survival cut-off, and therefore it is not affected by different
median follow-up years in different cohorts. For more details please refer to Hoshida Y (20106) -
Nearest Template Prediction: A Sipgle-Sample-Based Flexible Class Prediction with
Confidence Assessment, PLoS ONE S5(i1) e15543. doi:10.1371/joumnal.pone. 0015543,
content of which is incorporated herein by reference. Training using 14 immune genes: CCLZ,
CCR2, TLR3, TLR4, CCLS5, IL6, NCR3, TBX2{, CXCLI0, [FNG, CDS8A, FCGRIA, CEACAMS
and TNF with Singapore cohort (n=57) and independently validated in HK (n=43) and Zurich
{n=55) patients. KM p value=0.0004; HR=5.23 {for Singapore cohort (training: leave-one-out
cross validation) and KM p value=0.0051; HR=2.48 for HK +Zurich cohort {independent
validation eohort):

Multivatiate apalysis using tumor stage and the NTP 14-immune genes signature shows that
the prediction method is an independent predictor of survival with p value as good as tumor
stage as shown in the table below: '
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Univariate analysis'  Multivariate Anslysis®
Variable - Hazard Ratio pvalue _
- (95% CI% Hazard Ratio pvalue
- {95% CI)
- Sg, training set, n=61 _
AYM + KNN 5229 (2.104- 0.0004% 3797 (1419 - 0.0079%
' 13.00) 10.159) _
TMN Stage (1/ 11/ {11 n.a - 0.0015*  1.854 (1.158 - G.0102%
' ' 2.968)
Tumor size, om (>6emy  0.7433 0.5955 .. 1n.a.
{0.2486-
2.222)
P+ Zurich, validation
sed, m=111
SYM + KNMN 2476 (1313 0.0051% 2007 (1.062 - 0.032%
: ' 4.669} 3.794)
TMMN Stage (I I/ Q¥ .. <(LOG01*  1.594 (1.080 - C.0188%
vy 2.351)
Tumor size, cm (>6om) 1.825 (0.931- 0.0797 n.a. n.4.
3.579)

“Univariate analysis, Kaplan Meter, |
"Multivariate analysis, Cox proportional hazards regression.
‘959 C1, 95% confidence interval.

* Significant.

Most importantly the NTP 14-immune genes prediction method which has been blindly and
independently validated on HK and Zurich patients also performs well in predicting Stage |
only HCC patients from all regions: Sg, HK and Zurich cohort combined n=55 (KM graph
shown in Figure 4). This shows its superiority in predicting survival of early stage patients.

2y The immune gene signatures can enhance or even be superior to the prediction value of
tumor staging:

a. The NTP 14-immune genes prediction method is able to enhance the prediction value of
tumor staging in HCC patients. KM graphs are shown in Figure 5: Total patients n=147 (5¢
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n=57, HK n=37, Zurich n=53): Stage VI/HI- KM p value= 0.0074 vs Stage VIVII combined

- with the 14-immune gene NTP prediction method- KM p value < 0.0601.

b. The NTP 14-immune genes prediction method is able to predict survival of HCC patients
from Stage H & III which usua_Hy have very similar survival profiles {p=ns). This is very
useful for HCC patic—:nis from Stage H or I where tumor staging alone is not able to segregate
patienis into good or poor prognosis. KM graphs are shown in hgmu & for aﬂ Stage 11 & HI

patients from Sg, HK and Zurich cohort combined (n=92):

3 The best immune gene signature from individual coborts (Sg or H‘f{) can be used to
predict prognosis Wl‘[hm the same cohort using SVM (<> 5 years):

a. Signature derived from the Singapore cohort to predict prognosis of a Singapore HCC
patient. The best gene signature is CCL2, CD8A, CXCLIO, IL6, LTA, NCR3, TBX2] and THNEF:
with accuracy= 86.05%, specilicity= 86.96%, sensitivity= 85% & KM p value= 0.000089.

b. Signature derived from the Hong Koong cohort to predict prognosis of a Hlong Kong
HOC patient. The best gene signature is CCRZ, CD84, 1L, LT4 and TLR3: with accuracy=
80.49%, specificity= 100%, sensitivity= 42.86% & KM p value= 0.00000051.

€. Signature derived from the Zurich cobort to predict prognosis of a Zurich HCC patient. -
The best gene signature is CDS8A, CXCLIO, IL6, TLR3 and TLR4: with acruracy"89 29%,
speciticity=83.33%, sensitivity=93. 75% & KM p value=0, 0011 ‘

EXAMPLE 2
How the invention may be used

A fragment of resected tumor or biopsy will be subjected to total RNA exiraction, e.g. by
using Trizol (Invitrogen) & RNA will be converled to DNA such as by usiiig Tagman Reverse
Transcriptase reagent (Applied Biosystems). The level of expression of between the following
immune genes: CCLS, CCR2, CEACAMS, CXCLIO, IFNG, 116, NCR3, TBX21, TLR3, CD8A,
LTA, ITNF, FCGRI, CCLZ and TLR4 will be analysed by quantitative PCR, optionally using
iTag SYBR Green Supermix with ROX (Bio-Rad Laboratories). The primers sequences are
listed in Chew et al. Journal of Hepatology 2010, 52:370-9. The level of expression of the
immune genes will be normalized to the house-keeping gene ACTB 2.g. using MxPro software
(Stratagene). Additional nonmalization with the median value of each particular gene
according to training cobort (Sg cohort) will also be done (See Table 10 below for the median
values of each gene from Sg as the iraining cobort). After which, the prediction models
(algorithms) will be applied to the values obtained. One can choose to use:’

1. The model from SVM, KNN (<> 5 years) or NTP using Sg as training set & Hong Kong
and Zurich as validation set for any HCC patient from any region or;

2. The combined SVM & KNN (<>5 years) prediction method using S;D as immmg set &
Hong Kong and Zurich as validation set for any HCC patient from any region o,

3. The model designed for each individual cohort of the patient is from either Sg,HK or
Zurich for more accurate prediciion

4. The NTP l4-immune genes pr e(huiion method in combmatmn with staging information.
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The NTP l4-immune genes or the combined SVM & KNN (<5 years) prediction
meihod for any Stage [ HCC patient. '

SVM or KNN (<5 years) pi‘-{)vide% prediction of prognosis with information regarding
survival (fonger or shorter than S years) whereas NTP provides only a general good or poor
prognosis pmfile

Aable 10

Mo, Genes Median value (as normalized to
_ ACTR)

1 CCLS 1.76E-02

2 CCL2 1.061-02

3 CCR2 G.45E-05

4 CEACAMS L13E-04

5 CXCL10 1.65E-03

& IFNG 1.98E-05

7 e 1.55E-03

8 NCR3 1.17E-03

9 TBX21 - 1.26E-03

HE TLR3 3.80E-04

i1 TLR4 379804

iz TNE . 5.98E-04

13 CDEA ‘ 2.95E-03

14 FCGRIA - 1.390-03

LXAMPLES

Objective: Hepatocellular carcinoma (HCC) is a heterogeneous disease with poor

nrognosis and limited methods for predicting patient survival. The nature of the immune cells
that infiltrate tumors is known to impact clinical outcome. However, the molecular events that
regulate this infiltration require further understanding. Here it is investigated how immune
genes expressed in the tumor microenvironment predict disease progression.

Design: Using quantifative polymerase chain reaction, the expression of 14 immune
genes in resected tumor tissues from 57 Singaporean patients was analyzed. The nearest-
template prediction method was used to derive and test a prognostic signature from this
{raining cohort. The signature was then validated in an independent cohort of 98 patients from
Hong Kong and Zurich. Intratumoral components expressing these critical immune genes were
identified by in situ labeling. Regulation of these genes was analyzed in viiro using the HCC
ceil line SNU-182.

Results: The identified 14 immune-gene signature predicts patient survival in both the
training cohort (p=0.0004 and hazard ratio= 5.2) and validation cohort (p=0.0051 and hazard
ratio= 2.5} irrespective of patient ethnicity and disease eticlogy. I’mportaniiy it predicts the
survival of patients with carly disease (Stage 1 and II), for whom classical clinical parameters

provide limited information. The lack of predictive power in late disease stages Il and 1V
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emphasizes that a protective immune microenvironment has to be established early in order to
impact disease progression significantly. This signature includes the chemokine genes

CCXCLI0, CCLS and, CCL2, whose expression correlates with markers of Thl, CD&' T and,

NE cells. Inflammatory eytokines {(TNF-g, TFN-y and TLR3 ligands stimulate intratumoral
production of these chemokines which drive tumor mnfiltration by T and NX cells, leading to
enhanced cancer cell death.

Conelusion: A 14 immune-gene signature, which identifies molecular cues driving tumor

infiltration by lymphocytes, accurately predicts HCC patient survival especially in early
disease. The gene signature was predictive of HCC patient survival in both the training cohort
from Singapore {n=57; p=0.0004 and hazard ratio= 5.2) and validation cohort from Hong
Kong and Zurich (n=98; p=0.0051 and hazard ratio= 2.5) irrespective of patient ethnicity and
disease etiology.

Introduction

It is now recognized that cancer progression is regulated by both cancer cell-intrinsic and
micro-environmental factors. Among the latter, the pature and localization of immune cells
infiltrating the tumor play a central role. While tumor infiltration by myeloid cells is often
associated with a poor prognosis, the presence of Thl or cytotoxic T cells correfates with a .
reduced risk of relapse in several cancers. '

It was previously found that a pro-inflammatory tumor microenvironment correlates with
prolonged survival in a cohort of Singaporcan HCC patients [16]. fn the current study, a 14
immune-gene signature was identified. which was able to predict patient survival from this
cohort and it was validated 1t in an independent cohort of patients from Hong Kong and
Zurich. By combining transcripiome analysis, in situ labeling and in vifro experiments, the
cellular sources of the molecules corresponding to the gene signature were identified. This
approach revealed 1) a paracrine loop involving CXCLI0, TLR3, TNF-¢ and IFN-y and 2) an
autoerine loop controlling CCLS production. These two loops shape the immune milieu and
recruit a potent anti-tumoral lymphoid infiltrate to the tumor of patients with longer survival.
This stedy shows that features derived from the tumor immune microenvironment are of
general predictive value irrespective of HCC heterogeneity. Importantly, they determine the
clinical outcome of patients with early stages HCC for whom clinical parameters provide
limited survival information. The lack of predictive power in late stages shows, for the first
time in HCC, that the protective immune microenvironment has to be established early to
promote long-term survival.

Materials and Methods

Patients. 172 resected HCC mRNA samples {one from each patient) were obtained from the
National Cancer Centre (NCC), Singapore, Sg (=61}, the Queen Mary Hospital (QMI),
Hong Kong, HK (1=36) and the University Hospital Zurich, Switzerland (n=55). All samples
were obtained with Ethics Committee approval from patients who underwent curative
resection from 1991 to 2009. After censoring patients with poor-gquality gene expression
profiles, data from Singapore patients (n=57) were used as a training cohort to derive and test
the survival prediction model, while Hong Kong (n=43) and Zurich (n=55) patients were used
as an independent validation cohorts. A total of 49 paraffin-embedded HCC samples (Sg,
n=20; HK, n=23; Zunich, n=6) were obtained for immunohistochemistry or
immunofluorescence labeling.
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Clinical and demographic characteristics of the &t ammgj and validation cohorts are summarized
in Table 11.

Analvsis of gene expression, Quantitative polymerase chain reaction (qPCR) analysis was
performed on a total of 172 resected HCC mRNA samples. Primers were designed using
Primerd and gPCR was performed using iTag SYBR Green Supermix with ROX (Bie-Rad
Laboratories), as described previously [16]. Sixteen imunune genes were selected for

- expression analysis. Two of the genes, LTA4 and CCLZ2, were omitted from the gene-list due

to very low/undetectable expression i many of the validation cohoris. Relative gene
expression level was calculated by normalization to the housekeeping gene A(,i B using

' \/I*{Pro software {Siratagene).

Statistical analyses. Survival prediction was performed using the nearest template prediction
(NTP) method. The Cox score for each gene, which reflects the comrelation between gene
expression level and patient survival, was calculated as described previously [10]. The
prognosis prediction for each sample was made based on the proximity of its gene expression
level to either of the templates of poor or good prognosis as defined by the vectors of weighted
Cox scores. The survival predictor was evalvated in the training cohiort (Sg, n=57) using a
ieave-one-out cross-validation, and tested on the independent validation cohort {HK, n=43 and
Zurich, 11=55), NTP was also validated by Bootstrap method as described previousiy.[17] -
Two-class differential expression analysis was performed using GEPAS version 4.0
(hitp://gepas.bioinfo.cipfes/).

Kaplan-Meier univariate survival analysis was performed using GraphPad Prism. Survival
¥ ‘ .

prediction is classified as “good prognosis” or “poor prognosis” according to the gene
signature or as “Low™ or "High” as compared to the median of the relevant parameters.

© Patients who are stifl alive at last follow-up or are deceased due to causes unrelated to HCC

were censored. Reported p values are obtained from Log-rank (Maniel-Cox) test. Multivariate
analysis by Cox proportional hazards model was used to examine the gene signature in the
context of clinical variables. The NTP method and multivariate analyses were performed with
the use of R statistical package (www.r-project.org).

Immunohistochemistry and Immupofluorescence,  [mmunohistochemistry  (JHC)  or

immmunofluorescence (1F) labeling were performed on paratfin-embedded HCC samples as

described before [16]. THC images were captured with an Olympus DP20 camera attached to a

(CX31 microscope. For IF an Olympus FlourView FV1000 confocal microscope was used,

Quantification of positive cells was performed with ImagePro Software from 5-10 random
fields at 100x magnification for IHC, or 10-15 random fields at 200x magnification for {F. The
average vajue from all quantified fields was determined for each patient. Statistical analysis
was performed with GraphPad Prism.

Isolation of peripheral blood mononuclear celis and twnor-infiltrating leukocvtes. Tumor
tissues from HCC patients (n=3) were obtained from Singapore General Hospital (SGH) with
Ethics Committee approval. Tissues were homogenized using Dispomix® Drive (Xiril AG).
Tumer (1) and tumor-infiftrating leukocytes (TIL) were separated by a series of low speed

~ centrifugations and filtration through a 100 pm filter (Millipore) to remove large debris. 1x10°

cells were resuspended in Trizol (Invitrogen) and RNA was converted to ¢DINA using Tagman
Reverse Transcriptase reagent (Applied Biosystems) for ¢PCR analysis. Fraction purity
assessed by flow cytometry was around 90%.

In vitro chemokine production and transwell migration assays. The HCC cell line SNU-182
wag obtained from the Korean Cell bank and cultured i complete RPMI medium. Cells were
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treated with 100 U/m! IFN-y (ImmunoTools), 10 ng/mi TNF-¢, 50 ug/ml poly L.C (InvivoGen)

~or with a combination of IFN-y and TNF-a, or IFN-y and polyl:C. After 24 hours, culture

supernatants were coilected for FLISA and cells were harvested for RNA isolation. RNA
isolation, ¢DNA conversion and gPCR for CXCLIO, CCLS and CCLZ weré performed as
described above. ELISAs were performed to detect CXCL10, CCL5 and CCL2 using Kits from
R&D Systems (CXCL10 and CCL5) and eBiosciences (CCL2) according to  the
manufacturers’ instructions. Absorbance intensity - was analysed using a Tecan microplate

reader.

For transwell migration assay, SNUI82 cells unstimulated or stimulated with TFN-y and
poly(1:C) as described above were seeded into 24-well plates. After 24 hours, 1x10° PBMC
from healthy donors (n=3) untreated or pretreated with anti-CXCR3 (25ug/mi; clone 1C6, BD
Pharmingen) or anti-CCRS (10pg/mi; clone 2D7, BD Pharmingen) neutralizing antibodies at
37°C for } ¥; hours were added onto the transwell filter inserts (3um pore size, BD Falcon).
Transmigration was assessed after 3 hours. -

Results

identification and validation of an immune gene signature predicting overall survival of HCC
patients ' '

The expression profile of 49 immune-related genes in 61 resected HCC tumor samples from
Singapore was previously characierized and 11 immune genes were found whose expression
was associated with superior patient survival [16]. In the current study, the RNA expression of
14 immune genes was analyzed: TNF, 116, CCL2, NCR3, CCR2, TLR4, FCGRIA, CEACAMS,
TIR3, CXCLIO CCLS, TBX21, CD84 and IFNG. Nearest template prediction (NTP) was used
to identify and cross-validate (by leave-one-out method) a 14 immune-gene signature
predictive of overall survival in 57 Singaporean HCC patients with resectable HCC (as a
training cohort). The NTP method was chosen because it allows independent prediction for
each sample and is less sensitive to differences in sample processing and analysis [18]. The
signature was then validated in an independent cohort of patients from Hong Kong (n=43) and
Zurich {n=55) (Figure 7A). Bootstrapping analysis also showed similar results (Figure 15).

in general, the 14 immune genes display higher expression in patients with good prognosis in
both the training (Figure 7B).and the validation cohort (Figure 7C). The relative importance of
cach gene was assessed using its cox score (Table 13). '
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Table 13: The lst of 14 bmmune genes in order of decreasing importance based on the cox
~seore of each gene in training cchort, 7L-6 being the mest important and CEACAMSE the
least. Note that a negative value represents 2 positive correlation wiih survival,

Gene COX SCOre
L ILs - -2.883275871 ]
TLR4 2305472414
NCR3 - -2 224820683 ]
OCL2 2181026188 |
| CXCLAO -1.712844345 | 1
COR2 -1.709388501
lcoLe . -1.e0177’4ss o
TNE - -1.566062324
| FCGRTA 1154882037 B
TLR3 -0.538128834 |
LIFNG - R -0.348673936 - j
TBX21 -0.223167508 R
| CcDaa - -0.095258421 ]

CEALANME 0.275850045

Diespite the differences in patient ethnicity and disease stage (Table 11), the herein presented
t4-gene signature accurately predicts patient survival in both. the training cohort (p=0.0004
and hazard ratio= 5.2; Figure 7D) and the validation cohort (p=0.0051 and hazard ratio= 2.5;
Figure 1E). Multivariate analysis showed that this gene signature is an independent prediclor
of survival with regard to stage or six other clinical parameters (Table 12). Strikingly, when
stage IV patients were excluded, the immune signature was the only predictor of survival
{Table 12). ' '

Table 11. Comparison of clinical and demographic characteristies of HCC patients in
training (Sg) and validation (HK+Zarich) cohorts

Variabies Training cohort Validatisn p-value
{n=57}  cohort (n=98)

Sex, F/M MNumber TISO{12/88) 27T (21/79) ns*
{percent)

Age. vears Median 59 (31-84) 60 (20-83) ns{)

: : (Range) -

Race, MNumber 5770 {100/0) AGI52 (47/53) <(.0001*

Asian/European (percent)

Viral status, MNon- Number 12/43 (21/75) 32/66 (33/67) ns*

infected/HepB, L, {percent)
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Grade, 142/ 344 MNumber
' : (percent)

TWIN  Staging, 1 Number
TEHIEE+EY ' (per{:ent)

-g-fetoprotein, ng/ml  Median

(Range)
Tumor size, ¢ Median
(Range)
Survival, years Median
th i
(25"M/75% %)

* Fisher's exact test’
* Kaplan-Meier

@ IMann-Whimey

42

33/21 (58/37)

34/23 (60/40)

POTBGRITZG00014

61/24 (62/24)

27T (2179)

19 (1.5->70,000) 50 (1-468,600)

6 (0.7-23)

3.94 (0.9/5.5)

5(1.2-23.5)

3.8 (1.6/7.8)

¥ good/poor differentiation; different classification system for HK cohort

Table 12: Muoltivariate analysis of the 14 immune-gene signature

ns

< 0.0001*

ns(@)

05@

nsif

Yariabie

Univariate analysis®

Hazard Hatio
{95% CI1%)

Mubivariate Analysis®

pval Harard Ratle pval

(95% CI%

Training cohort
/

Ali patienis; n=57

Dmmune gene signature
TN Stage (1 11/ T11)

Validation cobhort

Al patienis; n=98

Immune gene signaiure

TMIN Stage (I I/ Y/ 1Y)

Stage VAL patients; n=5%1

Immune gene signature

4.9(1.9-12.8)
2.2 (1.4-3.5)

2.3 (1.3-4.3)
1.8 (1.2-2.6)

2.4 (1.2-4.7)

0.001% | 3.8(14—10.1)  0.008%
0001% {19(12-30) 0010

0.007%  120(L.1-38)  0.032¢
0.603* 16(L.1—-2.4)  0.019%

0.009% {22 (1.1-4.4)

0.022%
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TN Stage (I/ 11/ THD 1.4 {0.9-2.2) 0.120 1.2 (0.8-1.9) 0.331
Tmi}mmgwﬁidatﬁm cohort
All patients; n=I55
Immune gene signature 3.0(18-5.1) . 218E-05 | 2.7(1.4-5.2) 0.004*
Grade (1/2/3/4) 14 (0.9-2.0) 0.137 1.4 (0.9-2.4) 0.157
TMN stage (VIALAY)Y 18 (1.4-2.43 2.14E-05 | 1.8(1.2-2.8) 0.065*
Tummr size (<median/>median) 1.4 (0.8-2.53 0.253 0.6(0.3-1.2) 0.158 .
AFY (<median/>medizn) 1.4 (0823 0.207 1.2 (0.6-2.2) 0.649
Age (<median/>median) 1.4(0.8-2.2) 0.236 1.6 (0.9-3.0) 0.144

Abbreviations: pval, p value;
'Univaziatc analysis, Cox proportional hazard regression.
"Multivariate analysis, Cox proporticnal hazald regression,
95"/ CI, 95% condidence interval.
*Significant (p<0.05).
Median values, tumor size=5.4 cm; AFP=25 ng/ml; Age=60.

Superior predictive power of the 14 immune-gene signature in early stage natients

In the Singapore cohort, 60% of patients presented with stage 1 disease at diagnosis (Table 11).
The performance of the identified immune signature in patients with early {stage T and 1)
disease was therefore measured and compared with clinical parameters generally used for
prognosis of such patients. First, it was noted that stage T (n=35) and H {(0=46) patients (from
both the training and validation cohorts) present a wide range of survival times, from a few
months to more than 15 years (Figure 16). The immume signature accurately predicted the
overall survival of these patients in Kaplan-Meier analyses (Stage It p=0.009, hazard
ratio=>5.8; Stage II: p<0.0001, bazard ratio=11.8) (Figure 8A and 8C). On the confrary, clinical
parameters such as grade (Figure 8B and D), serum alpha-fetoprotein (AFP) concentration or
tumor size (Figure 16) did not predict overall survival of these patients. Similar results were
obtained from Bootstrapping analysis (Figure 15).

The predictive power of the 14-gene signature was also tested in various subgroups of patients
(Figure 8E). Interestingly, it did not predict the survival of stage 11 or I'V patients. Therefore,
the nune signature allows a robust and reliable prediction of overall sarvival in early HCC
patients for whom classical clim’cai parameters are not significant.

CXCLIO. CCLS and CCL2 expression correlates with intratumoral infiltration of Thi. CDEY T
and NK cells

Chemokine dnd chemokine receptor genes such as CXCLIO, CCL5, CCL2 and CCR2
constifute a prominent group in the immune signature identified. Since chemokines are critical
for attracting immune cells {191, it was predicted that expression of these chemokines would
correlate with fumeor infiltration by defined immune cell subsets, To investigate this,
correlations were searched for at the transcriptional level in 172 patient samples from both the
training and validation cohorts. RNA expression of CXCLI0, CCLS and CCL2 comrelated with
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markers of Thi cells (TBX21), CD8& T (CD8A) and NK (NCR3) cells (Figure 9A).
Interestingly, 78X2/, (D84 and NCR3Z are also among the genes present in the signature.
There was no correlation between expression of these ¢hemokines and markers of other
immune cell subsets such as macrophages (CD14 and CD68), Th2 (IL13), Thi7 (ILI7), Treg
{(FoxP3 and ILi0y, B (CDI9), or dendritic (CD83) cells (Figure 9A). This shows that
CXCL1G, CCLS and CCL2 are associated with, and hkciy to specifically attract, Th1, CD§' T
and NK cells into HCC tumors.

To further support this, the surface expression of CXCR3, CCR5‘ and CCRZ (the main
receptors for CXCL10, CCLS and CCLZ respectively) on peripheral blood mononuclear cells

(PBMC) from healthy donors and HCC patients was measured, as well as on infiltrating

leukocytes isolated from freshly-resected tumors (Tumor-infiltrating leukocytes or TIL) or
adjacent non-tumoral tissues (Non-tumor-infiltrating lymphoeytes or NIL). Flow cytometry
analysis showed that T and NI cells represent the majority of the immune subsets expressing
CXCR3 and CCRS (Figure 17A). Furthermore, a greater percentage of T and NK cells express
CCRS and CCRZ in patients PBMC, TIL and NIL as compared to healthy donor PBMC
(Figure 17A). This observation may indicate an increased pr openslty of T and NK cells from
HCC patients to be attracted by CCLS and CCLZ.

CXCL10 ex_pression in tumor sections using immunoflnorescence was also analyzed, It was
first verified that CXCLI10-specific immunofluorescence correlated with mRNA expression
(Figure 17B8). Next it was showed that higher CXCL10-specific immunofluorescence (Figure
17B) was observed in samples with a higher density of CD8™ and CD56" celis, as determined
by E.HC. Further qn&nﬂﬁcation Showed that the CXCLEU ;mmunoﬁuochenc&, Lorrda’ted with

mizm 3. S) (1 15{31{@ 17(,}

Taken L(}gcthei these data strongly suggest lhci{ CXCOLI0, CCLS and CCL2 are the main
chemokines atiracting Thl T cells, €D8" T cells and NK cells inte the tumor
microenviromment. '

Chemokines associated with paiient survival are nroduced by both cancer cells and TIL

To understand the melecular interactions taking place within the tumor, the identity of the
source of CXCLI0, CCLS and CCL2 within HCC was sought. Single cell suspensions from
fresh tumor samples were separated into tumor cells and TIL, followed by chemokine
expression analysis using qPCR. The three chemokine genes were transcribed in both tumor
cells and TIL (Figure 10, A). Furthermore, when CXCL10 and CCLS expression was analyzed
in sitw by immunohistochemistrty, many chemokine-producing cells exhibited cancer cell
morphology (Figure 108). CXCLI0 was also expressed by TIL. Immunofluorescence on
tumor sections, combining labeling for CXCL10 and immune cell markers (CD68, CD3 and
CD20) revealed that most of the CXCLI0-producing immune cells co-expressed CD68
(Figure 10C) but not T or B cell markers (data not shown). Similarly, co-loealization of CCL5
'md CD68 (Figure 10D) were found. Heme macrophages wath n HCC tumors express both
XCL10 and CCLS.

Besides macrophages, CCL5 was also produced by CD3" T cells (Figure 10D). Given the
ability of CCLS to attract T cells, this suggests an awtocrine loop in which CCL5 produced by
macrophages and/or cancer cells atir acls T cells, which produce more C (,Lfv to further amphify
T cell infiltration.
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TNF-o, IFN-v and TLR3 ligands induce expression of CXCL1Q, CCLS and CCL2 by HCC
cells and mduce transmigration of T and NK cells.

TNF-g, IFN-y and TLR agonists stmulatc CXCL10, CCL2 and CCLS secretion by
monouytes/mamophages [20-22], but little is known of the regulation of these chemokines in
cancer celts. The HCC cell line SNU-T82 was used to address this question. SNUJ-182 cells
were treated with IFN- v, TNF- « and the TLR3 ligand poly(1:C) separately or in combination,
and culture supernatants were apalyzed. While IFN- v or TNF- « alone had little effect,
CXCL10 was strongly induced by the combination of IFN- v and TNF- a (Figure 11A).
Poly(1:C) alone significantly induced CXCL 10 expression and this effect was further enhanced
by addition of IFN- v (Figure 11A). Poly(1:C) also induced CCLS expression , while TFN- v or
TINF- o alone or in combination had no detectable effect (Figure 11R). All three factors
induced CCL2 expression but no synergistic effect was observed (Figure 11C). Chemokine
genes induction could be observed by gPCR already 6 hr after treatment (data not shown).

To validate these observations in patient samples, RNA expressions of CXCLI0, CCL5 and

CCL2 and those of [FNG, TNF and TLR3 within tumors were compared. Expression of the
three chemokines correlated with those of JFNG, TNF and TLR3 (n=172 patients from both the -
training and validation cohorts; Figure 11D). :

Transwell migration assay was performed using stimulated SNUI82 cells and healthy donor '
PBMC. The induction of chemokines in stimulated SNU182 cells induced transmigration of T
(5 folds increase) & NK cells (2.5 folds increase), without affecting other leukocytes (data not
shown). Transmigration of T and NK cells was abolished when PBMOC were prefreated with
anti-C3OR3 (CKCL10) and anti-CCRS (CCLS) neutralizing antibodies (Figure 11E).

Taken together, these data indicate that IFN- vy, TNF-o and TLR3J ligands are potent inducers
of the survival-associated chemaoldnes CXCL10, CCLS and CCLZ. These chemokines atiract T
and NK cells which, upon activation, produce more IFN- v triggering a paracrine loop leading
to further amplification of chemokine production and lymphocyte infiltration.

Lymphocyie-atiracting chemokines are associated with enhanced cancer cell death

CD8A and NCR3Z, two genes specific for CDE+ T cells and NK cells respectively, are present
in the gene signature and globally more expressed in long survivers. This is indesd reflected
by enhanced infiltration of CD8™ T and CDS56" NK cells within the tumor samples from
patients with longer survival {Figure 124, a subset of patients chosen for validation n=36 or
46), Kaplan-Meier analyses showed that a higher density of infilwating CD8™ T (n=46,
p<0.0001, hazard ratio=7.9) and CD56" NK cells (n=36, p=0.016, hazard ratio=3.7) correlated

-with pitiﬁ,m survival (Figure 12B). fmportantly, this was not observed for CD68" macrophages

(Figure 18). In this subset of patients, the current immune signature was superior at predwimg,
patient survival than temeor infiltration by T celis or NE. cells.

it has previously been reported that the density of CD8" T cells and CD.‘SG" NK cells in HCC
tumors correlates with cancer cell apoptosis detected by activated caspase-3 staining [106].
Since CXCL10 and TLR3 activation play a major role in recruiting these cells, if was

examined if CXCL10 and TLR3 expressions correlate with cancer cell apoptosis. Indeed,

protein uprebsmu of CXCL1D (n=26, p=0.02, r=0.45; Figure 12C) and TLR3 (n=39, p=0.04,
=0.33; Figure 12D)), an important inducer of CXCLI10, CCLS and CCL2, correlated with
activated caspase-3 expression in cancer celis. Taken together these correlations suggest a
mode} in which chemokines expressed by cancer cells recyuit tymphocytes that kall cancer.
cells, thereby contributing to prolonged patient survival. Such a model would predict that
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during the course of disease progression, cancer cells with reduced chemekines and TLR3
expression will be selected. Indeed, tumors from patients with more advances FCC (stage I to

- IV n=114) exhibit significantly lower RNA expression of CXCLIO, CCLS5, CCL2 and TLR3

than those from stage I patients (n=57) (Figure 12E). This further confirms the crucial role of
chemokines in shaping a protective inmune environment early in disease development.

Piscussion

In the present study an immune signature which predicts the survival in resectable HCC

irrespective of patient ethnicity or etiology was identified. Interestingly, it predicts the survival
of early stage patients for whom classical clinical parameters provide limited or no survival
infermation. This signature, derived from resected HCC, comprises 14 genes coding for
chemokines, inflammatory cytokines and lymphocyte markers. By combining. transcriptome
analysis, in situ staining and in vitro experiments, regulatory cireunits that shape and maintain a
protective immune milieu within the tumor, leading to prolonged patient survival were
identified (Figure 12F). *

The immune signature was derived and tested using Singapore patients and further validated in
an independent cohort from Hong Kong and Zurich. The predictive value of the signature was
also verified separately in various subgroups of patients (Figure 8E). This consistency across -
different subsets of patients indicates that immune parameters deiermining disease progression
are conserved irrespective of HCC heterogeneity. This is remarkable since HCC is known to
be derived from muitiple cell types {including hepatocytes or adult stem/progenitor cells) and
caused by several etiologies. Therefore, molecular features derived from the intratwmoral
immune response may be of better prognostic value than those relying on cancer cell
characteristics. The loss of predictive power in female patients might be explained by the -
known gender disparity in the risk for HCC which is linked to estrogen-mediated inhibition of
1L.-6 [24-257 as T1.-6 is one of the genes in the signature.

Previously, several studies using genomic approaches ldentified gene signatures that strafify
HCC patients according to clinical prognosis [8-12]. These signatures were either derived
from the adjacent non-tamor tissue or from the tumor itself. Sipnatures derived from the
adjacent tissues emphasize on risk factors for developing de nove tumors and support the -
“fieid defect” hypothesis [10]. Interestingly, immune characteristics of the adjacent liver
tissues have also been shown to impact patient survival [9-10]. On the other hand, signatures
derived from the tumor itself focus on genes invelved in proliferation and ceil cycle [8, 11, 26}
or on the identity of tumor-initiating cells [27-28). The current study is the first to focus
exclusively on immune genes expressed within the turnor, and to show thatl the HCC mmmune
milieu has an impact on disease outcome. a

It may seem paradoxical that inflammation, an established risk facior for developing HCC,
conld play a protective role in HCC progression [25-30]. For instance, IL-6 and TNF-0 were
shown to promote HCC tumeorigenesis [31-33]. However, it was found that these two
cytokines correlate with longer patient survival in the present study. The beneficial impact of
an active immune response within the tumor microenvironment is well established for NSCLC
[34], colorectal cancer {35-36] and other malignancies [37]. 1L-6 and 1L-8 were also reported
io have a protective role in human colon adenomas [38]. Similatly, depending on the mouse
model, NF-xB, a major regulator of inflammation, suppresses or promotes HCC development
[39-40]. Additionally, expression of the same biomarker, for example IL-6, in the serum or
within the fumor may also reflect different biological processes {16, 41]. These apparent
conlradictions indicate that the effect of inflammation is context-dependent and that the same
sytokine may have opposile effects on HCC tumerigenesis and progression {42].
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In the model, inflammatory cytokines (TNF-a and 1FN-y) and TELR ligands (I ikely refeased

~ from necrotic cells) induce chemokine expression within the tumor microenvironment. These

chemokines (CXCL10, CCLS and CCL2) could recruit immune cells, which display anti-
tumor activity reflected by enhanced activated caspase-3 expression in cancer cells,
Furthermore, infiltrating immune cells augment chemokine production (possibly through
secretion of IFN-y or TNF-g upon activation [43]) or directly secrete chemokines (CCLS)Y,
further stabilizing the protective immune microenvironment. Such paracrine or autocrine loops

- are typical of complex biological systems as they provide efficient ways of amplifying signals

and maintaining a particular immune status [44] . Interestingly, no single cell type or
rolecular cue plays a unique role in shaping the immune microenvironment. Chemokines are
produced by both cancer cells and TIL, while IFN-y is produced by Thl and NK cells. Such
redundancy also participates in the robustness of the protective environment, which has to be
maintained for years in order to impact patient survival. The cuwrrent immune signature
predicts survival in stage 1 and I but not in stage 11 and IV patients. This shows that a
protective immune response has o be established early encugh to be effective. Hence it is
proposed that once the tumor has been established for prolonged periods of time, multiple
layers of immune tolerance may prevent the efficacy of anti-tumor responses [45-46]. It was
therefore predictable and also shown in this study that cancer progression would be associated
with down-regulation of chemekines critically znvofved in the shaping ot a protective immune -
microenvironment.

In summary, this study reveals extensive crosstalk between cancer cells and twmor-infiltrating
immune cells in establishing a protective mmmune milieu able to delay HCC progression.
improved understanding of the molecular pathways leading to a prolective immune
microenvironment will help in the rational design of new therapeutic approaches for HCC
patients.-
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CLAIMS

1. A method of analysing a patient with Hepatocellular Carcinoma (HCC), wherein
the method comprises:

(a) detecting the expression ievels of 5, 8, 7, 11, or 14 of genes selected from the
group consisting of CCLS, CCR2, CEACAMS, CXCL10, IFNG, IL6, NCR3, TBX2i,
TLR3, TNF, CCL2, CD8A, FCGRIA, LTA, and TLR4 in a patient-derived tumor
sample; and

(b) based on a gene signature as listed in Table 2A, Table 2B, Table 3, Table 4,

Table 14, Table 15 and/or Table 16, determine one or more of the following: stratifying

or classifying the patient to have HCC; providing a prognosis for the patient with HCC;

monitoring disease progression of HCC; predicting efficacy of a therapeutic intervention,

selecting treatment for the tumor, or evaluating the efficacy of a therapeutic intervention
 for a patient with HCC.

2. A method according to claim 1 wherein the method is a method of classifying a
patient with HCC as having a poor or good prognosis comprising the steps of:

{a) detecting the expression levels of 5, 8, 7, 11, or 14 of genes selected from the
group consisting of CCL5, CCR2, CEACAMS, CXCL10, IFNG, IL6, NCR3, TBX21,
TLR3, TNF, CCL2, CD8A, FCGRI1A, LTA, and TLR4 in a patient-derived tumor
sample,; amnd o

(b) based on a gene signature as listed in Table 2A, Table 2B, Table 3, Table 4,
Table 14, Table 15 and/or Table 16, classifying the patient as having a short or long

survival based on the expression levels determined in siep (a), in which the patient has
HCC.

3. A method according to claim 1 wherein the method is a method for evaluating the
efficacy of a therapeutic intervention for treating HCC patients comprising the steps of:

{a) detecting the expression levels of 5, 8, 7, 11, or 14 of genes selected from the
group consisting of CCLS, CCR2, CEACAMS, CXCLI0, IFNG, IL6, NCR3, TBX21,
TLR3, TNF, CCL2, CD8A, FCGRIA, LTA, and TLR4 in a patient-derived tumor
sample; and

{(b) based on a gene signature as listed in Table 2A, Table 2B, Tabie 3, Table 4,
Table 14, Table 15 and/or Table 16, classifying the patient as having a short or long
survival based on the expression levels determined in step (a), in which the patient has
HCC, and in which classification of a patient by step (b) is monitored before, during
and/or after the therapeutic intervention.
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4, A method according to any one of the preceding claims wherein one or more of
the following apply: (a) the expression levels are normalized expression levels and/or
relative expression levels; (b) the patient-derived tumor sample comprises tumor
infiltrating leukocytes (TIL}, stroma and tumor cells; (¢) the patient is human.

S. A method according to any one of the preceding claims wherein step (b)
comprises deriving a value from the expression levels of the genes listed in Table 24, 2B,
3,4, 14, 15, or 16 (and optionally also from the expression levels of any one or more
further marker genes which may be emploved) and comparing the value with a threshoid
value wherein a determination that the derived value is below or above said threshold
value indicates a particular prognosis (e.g. a good or poor prognosis),

and optionally wherein: (i) a poor prognosis is less than 3, 4, 5 or 6 years predicted
survival and a good prognosis is more than or equal to 3, 4, 5 or 6 years predicted
survival; or (ii) a poor prognosis is less than the median survival years of a given cohort
and a good prognosis is more than the median survival years of a given cohort,

6. A method according to any one of claims 1 to 4 wherein an expression profile
comprises the expression levels of said 5, §, 7, 11, or 14 of genes selected from the group
consisting of CCLS5, CCR2, CEACAMS, CXCL10, IFNG, IL6, NCR3, TBX21, TLR3,
TNF, CCL2, CD8A, FCGR1A, LTA, and TLR4 as listed in Table 2A, 2B, 3, 4, 14, 15, or
16 and wherein step (b} comprises determining the similarity of the expression profile to
a good prognosis template and/or a poor prognosis template, wherein the degree of
smmilarity to the good prognosis template and/or poor prognosis template indicates
whether the patient has a good prognosis or poor prognosis.

7. A method according to claim 6 wherein step (b) comprises determining the
similarity of the expression profile to a good prognosis template and/or a poor prognosis
template, and wherein said patient is classified as having: (i) a good prognosis if said
expression profile is similar to the good prognosis template and/or is dissimilar to the
poor prognosis template; or (i) a poor prognosis if said expression profile is dissimilar to
the good prognosis template and/or is similar to the poor prognosis template, wherein the
expression profile is determined as being similar or dissimilar to the template depending
on whether the similarity is above or below a predetermined threshold value.

8. A method according to claim 5 wherein step (b) comprises determining the
similarity of the expression profile to a good prognosis template and/or a poor prognosis
template, and wherein said patient is classified as having: (i) a good prognosis if said
expression profile has a higher similarity to said good prognosis template than to said
poor prognosis template; or (if) a poor prognosis if said expression profile has a higher
similarity to said poor prognosis template than to said good prognosis template.

9. A method according to any one of the preceding claims in which step (b) is
performed using at least one algorithm, and/or a computer.
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10, A method according to claim 9 in which step (b) is performed using a Support
Vector Machine (SVM) algorithm, a K-Nearest Neighbour (KNN) algorithm or a
combination of an SVM and a KNN algorithm, and wherein:

(1) the genes signatures used are all of the genes listed in Table 2A; all of the
genes listed in Table 2B; all of the genes listed in Table 14; al! of the genes listed in
Table 15; all of the genes listed in Table 16, and step (b) is performed using the SVM
algorithm; or

(ii) all of the genes listed in Table 3; all of the genes listed in Table 1, and
wherein step (b} is performed using the KNN algorithm.

11. A method according to claim 9 in which step (b) is performed using a Nearest
Template Prediction (NTP) algorithm, wherein the genes signature used are all of the
genes listed in Table 4 or all of the genes listed in Table 1.

12. A method according to claim 9 or 10, wherein step (b) is performed by: (i)
application of an SVM algorithm as described in Algorithm 1, classifies a patient as
having a good or poor prognosis; or (ii) application of an KNN algorithm as described in
Algorithm 2, classifies a patient as having a good or poor prognosis.

13. A method according to claim 9 or 1i, wherein step (b) is performed by
application of an NTP algorithm as described in Algorithm 3, classifies a patlent as
having a good or poor prognosis.

14, A methed according to claim 1 wherein the method is a method for evaluating the
efficacy of a therapeutic intervention for treating HCC patients and wherein the
therapeutic intervention is a candidate agent.

15. A method as defined in claim 1 or 2 further comprising selecting the patient for
therapy or follow-up on the basis of the patient having either a good or poor prognosis.

16. A method according to claim 1 or 3 wherein said therapeutic intervention is a
neoadjuvant treatment,

17. A method according to any one of the preceding claims comprising use of a
microarray kit or quantitative PCR to determine the expression level of any or all of the
genes listed in Table 1, Table 2A, Table 2B, Table 3, Table 4, Table 14, Table 15 or
Table 16.

18. A method according to any one of the preceding claims wherein the HCC is stage
Torstage 11

19, The use of reagents for determining the expression of said 5, 8, 7, 11, or 14 of
genes selected from the group consisting of CCLS, CCR2, CEACAMS, CXCL10, IFNG,
1.6, NCR3, TBX21, TLR3, TNF, CCL2, CD8A, FCGR1A, LTA, and TLR4 in a method
of any one of claims 1 to 18.
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20. A computer program or cemputer software product for performing step (b) of a
method according to any one of claims 1 to 18, or a computer system programmed to
perform step (b) of a method according to any one of claims 1 fo 18.

21. The use of a microarray comprising a plurality of probes capable of hybridizing
o the 5, 8, 7, 11, or 14 of genes selected from the group consisting of CCL3, CCR2,
CEACAME, CXCL10, TFNG, IL6, NCR3, TBX21, TLR3, TNFE, CCL2, CD8A,
FCGRI1A, LTA, and TLR4 in a method of any one of claims 1 to 18.

22 A method of providing a an HCC human patient with a good or a poor prognosis,
wherein the method comprises:

(a) determining the expression levels of 5, 8, 7, 11, or 14 of genes selected from
the group consisting of CCL5, CCR2, CEACAMS, CXCL10, IFNG, IL6, NCR3, TBX21,
TLR3, TNF, CCL2, CDBA, FCGRIA, LTA, and TLR4 in a tumor sample derived from
said patient, which tumor sample comprises total fiumor material,

(b) analysing the genes based on the gene signatures as listed in table Table 2A,
Table 2B, Table 3, Table 4, Table 14, Table 15 and/or Table 16, ; and

(b) determining the similarity of an expression profile comprising the expression
levels determined in step (a) to a good prognosis template which comprises gene
expression levels characteristic of good prognosis patients and a poor prognosis template
which comprises gene expression levels characterisiic of poor prognesis patient, wherein
a higher similarity of said expression profile to said good prognosis template indicaies a
poor prognosis and a higher similarity to said poor prognosis template than to said good
prognosis template indicates a poor prognosis,

and wherein a poor prognosis is less than the median survival years of a given
cohort and a good prognosis is more than the median survival years of a given cohort.



