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METHODS FOR THE DETECTION AND TREATMENT OF CLASSES OF
HEPATOCELLULAR CARCINOMA RESPONSIVE TO IMMUNOTHERAPY

CROSS REFERENCE TO RELATED APPLICATION

The present application claims priority to U.S. Patent Application Serial No.
62/519,711 filed June 14, 2017 and U.S. Patent Application Serial No. 62/629,231 filed

February 12, 2018, both of which are hereby incorporated by reference in their entirety.

FIELD OF THE INVENTION

The present invention relates to methods for detecting, diagnosing, prognosing,
monitoring, and treating a patient with hepatocellular carcinoma. In particular, the invention
provides diagnostic markers for the detection and treatment of patients who would benefit

from immunotherapy, i.e., patient who would be most responsive to immunotherapy.

BACKGROUND OF THE INVENTION

Hepatocellular carcinoma (HCC) is the second leading cause of cancer-related
mortality worldwide. The number of HCC deaths (approximately 800,000 per year) overlap
with that of new cases, a testament to its high lethality (Murray, et al. 2012; Llovet, et al.
2016). This malignancy often occurs in the setting of chronic inflammatory liver disease
(e.g., cirrhosis) and is associated with well-defined risk factors such as hepatitis B virus
(HBV), hepatitis C virus (HCV), alcohol abuse, metabolic syndrome and diabetes (Llovet, et
al. 2016). Over the past decade, major advancements have elucidated the molecular
pathogenesis of HCC (Zucman-Rossi, et al. 2015), and yet, current therapeutic options
remain very limited. Only a minority of HCC patients are diagnosed at early stages when
curative approaches, such as surgical resection, transplantation or local ablation, are effective.
In patients at advanced stages, the only systemic therapies that increase survival are the
multi-tyrosine kinase inhibitors sorafenib (first line) (Llovet, et al. 2008) and regorafenib
(second line) (Bruix, et al. 2017). Nonetheless, even with the survival benefits provided by
these agents, the median life expectancy is of less than 2 years.

HCCs comprise a mixture of cell types, including malignant hepatocytes, immune
cells, and endothelial cells dispersed within the extracellular matrix and supporting stroma.
Previous studies have established a set of analytical approaches to virtually dissect the

molecular signals deriving from these distinct compartments (Moffitt, er al. 2013).



10

15

20

25

30

WO 2018/232142 PCT/US2018/037579

In recent years, immune checkpoint inhibitors, which unleash the body’s own immune
response to attack tumors by targeting regulatory pathways in T cells, have shown remarkable
efficacy in different solid cancers. This has led to the Food and Drug Administration (FDA)
approval of four immune-based agents, which include monoclonal antibodies directed against
the cytotoxic T-lymphocyte protein (CTLA-4), the programmed cell death protein 1 (PD-1)
and its ligand PD-L1, for the treatment of advanced stage malignancies such as melanoma or
lung cancer. These agents, ipilimumab, nivolumab, pembrolizumab, and atezolimumab, have
significantly improved survival of these patients (Llovet, et al. 2015). These compounds elicit
durable clinical responses and long-term remissions in a fraction of patients with metastatic
disease (Zou, et al. 2016; Khalil, et al. 2016). Given that these therapies are directed to
immune cells rather than tumor cells, they can be effective in a broad range of cancer types,
with important activity recently reported in both solid and hematologic malignancies
including bladder and colorectal cancer (Topalian, ef al. 2012; Le, et al. 2015). Intriguingly,
though, not all patients have the same likelihood of responding to these regimens (Zou, et al.,
2016).

Given the promise of these therapies and the conflicting evidence of which patients
may benefit from them, there has been a push for finding reliable biomarkers to predict
positive outcomes of immunotherapy. One such biomarker is the expression of the protein
PD-L1. Initial trials with non-small cell lung cancer have suggested that patients who are
positive for PD-L1 expression have a greater overall response compared to patients negative
for PD-L1 (Herbst, et al. 2016; Garon, et al. 2015; Topalian, et al. 2012).

However, due to its low accuracy and mixed results, immunohistochemistry (IHC)-
based detection of PD-L1 is not reliable in determining and predicting a patient’s response to
immunotherapy. To start, there are technical issues with the procedure. IHC- based
detection is subjective in terms of defining a “positive” tumor PD-L1 staining and the use of
different cut-off values for positive staining. There is also evidence of variability in
pathologists’ findings using the same assays (Brunnstrom, er al. 2017; Wang, et al. 2016).

Additionally, antibodies used in different studies have different sensitivities. At least
seven different antibodies have been used in various studies of PD-L1 using IHC. The use of
the different PD-L1 antibodies is a further reason that there is a variation of PD-L1
expression in tumors across various studies. See generally Wang, et al. 2016.

Accuracy of [HC protocols also depend upon biological, e.g., temporal and spatial,
factors. In other words, PD-L1 expression in tumors is not uniform over time and area. For

example, specimens obtained when PD-L.1 overexpression in the tumor has already taken
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place (temporal) or a sample obtained from the patient missed the pertinent tumor-immune
interface (spatial) leads to inaccuracies in measuring PD-L1 by IHC (Latchman, et al. 2001).
The accuracy of IHC for PD-L1 detection thus depends on the timing of a biopsy and is also
related to previous therapies including radiation and chemotherapy. Studies have shown that
tumor PD-L1 expression is upregulated after radiation treatment (Deng, et al. 2014)

Spatial factors need also be considered as PD-L1 expression may differ in primary
tumors versus metastatic lesions. Even within one sample, different patterns of PD-L1
expression, focal and diffuse, can result in bias (Wang, et al. 2016). Also different locations
on the same tumor are heterogeneous, and PD-L1 positive results are defined by membrane
or cytoplasmic staining, when it has been shown that only positive membrane staining has
biological significance (Wang, et al. 2016).

In addition, accurate scoring of PD-L1 protein expression by IHC is difficult due to
other considerations such as data being retrospective, patients have different clinical
characteristics, and comparing samples from different tumor types.

Immune therapy is starting to be used in treating HCC. Results of the phase II
extended clinical trial testing nivolumab indicated an objective response rate of 16%, and
median survival of 14 months among the 214 patients treated (El-Khoueiry, et al. 2015).
However, in this trial, objective responses (21/145 cases, 15%) were not related to PD-L1
expression on tumor cells. Little is known about the immunological profile of HCC tumors
and how to leverage this information to maximize response to immune-based therapies.

For these reasons and the fact that as shown above, PD-L.1 expression is not a reliable
biomarker for selecting ideal candidates for immunotherapy, there is a need for the
identification of accurate predictive biomarkers for detecting patients with HCC who would

benefit from immunotherapy.

SUMMARY OF THE INVENTION

The current invention solves the problem of using PD-L1 expression as a biomarker
for detecting immunotherapy responsiveness by using a set of gene expression biomarkers
that accurately detect a phenotype of immunotherapy responsiveness in patients with
hepatocellular carcinoma (HCC).

The biomarkers described herein provide not only a novel and unique way to
definitively identify, and predict a patient’s response to immunotherapy, but also provide

targets for use in drug screening and basic research on HCC as well as other cancers.
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Using non-negative matrix factorization (NMF), the embodiments described herein,
deconvolute the gene expression data of 956 human HCC samples and isolated the signal
released from the inflammatory infiltrates to characterize the immunological landscape of
HCC. This has allowed the identification an immune-specific class of HCC with specific
biological traits, designated “Immune” class. Key features of this class include actual
presence and activation of immune cells, enhanced cytolytic activity, and protein expression
of PD-1 and PD-L1. Further evaluation of this class using the expression of 112 genes
(Figure 10) found a gene signature profile indicative of response to immunotherapies. The
gene expression profile of this Immune class was compared to a patient with HCC being
treated with immunotherapy as well patients with other cancers who were responsive to HCC.
In these cases, the gene expression profile of the Immune class correlated with
immunotherapy responsiveness.

The 112 gene panel was successfully reduced to 56 gene selecting those gene with the
highest score. As indicated below, the 56-genes Immune classifier had a sensitivity of 97%,
specificity of 98% and an accuracy of 97% (Table 3).

Thus, the use of the gene expression biomarkers provides for accurate detection of
patients with HCC who will be responsive to immunotherapy.

Additionally, a subset of the 112 genes in Figure 10, comprising 108 genes
upregulated in the Immune class, is listed in Figure 11.

Further dissection of the Immune class revealed two robust microenvironment-based
types with either active immune activity or exhausted immune activity. These further
classifications aid in determining therapy choices for patients with HCC as well as providing
a comprehensive understanding of the immunological milieu of HCC. The exhausted
immune activity class can be identified by the gene pathways in Figure 12. These gene
expression biomarkers are of particular relevance in identifying these subclasses as there was
no significant difference in these two classes in terms of PD-L.1 and PD-1 expression
(Example 4).

Thus, one embodiment of the current invention is a method and/or assay for detecting
a phenotype that is responsive to immunotherapy in a subject diagnosed with hepatocellular
carcinoma comprising:

a. assaying gene expression levels of one or more genes in Table 3 in a sample
from the subject with hepatocellular carcinoma to obtain a test expression

profile;
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b. comparing the test expression profile of the genes with a reference expression
profile, wherein the reference expression profile comprises a reference
expression level of the same genes in a sample from a control; and

c. detecting the gene expression levels of one or more genes in the test
expression profile are the same as compared to expression level of the same
genes in the reference expression profile that is indicative of immunotherapy
responsive phenotype and further detecting that the subject would be
responsive to immunotherapy.

A further embodiment of the present invention is a method of treating a subject with
HCC, comprising:

a. assaying gene expression levels of one or more genes in Table 3 in a sample
from the subject with hepatocellular carcinoma to obtain a test expression
profile;

b. comparing the test expression profile of the genes with a reference expression
profile, wherein the reference expression profile comprises a reference
expression level of the same genes in a sample from a control;

c. detecting the gene expression levels of one or more genes in the test
expression profile are the same as compared to expression level of the same
genes in the reference expression profile that is indicative of immunotherapy
responsive phenotype; and

d. treating the subject with immunotherapy.

In some embodiments, immunotherapy includes but is not limited to monoclonal
antibodies directed against the cytotoxic T-lymphocyte protein (CTLA-4) (e.g., ipilimumab),
the programmed cell death protein 1 (PD-1) (e.g., nivolumab and pembrolizaumab) and its
ligand PD-L1 (e.g., atezolizumab), and combinations thereof.

In some embodiments, the subject has been recently diagnosed with hepatocellular
carcinoma (HCC). In some embodiments, the subject has been previously treated for HCC.

In some embodiments, the sample is tumor tissue. In some embodiments, multiple
samples from the tumor are assayed for gene expression.

Determining the expression of any of the genes can be done by any method known in
the art, including, but not limited to, microarrays; Southern blots; Northern blots; dot blots;
primer extension; nuclease protection; subtractive hybridization and isolation of non-
duplexed molecules using, for example, hydroxyapatite; solution hybridization; filter

hybridization; amplification techniques such as RT-PCR and other PCR-related techniques
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such as PCR with melting curve analysis, and PCR with mass spectrometry; fingerprinting,
such as with restriction endonucleases; and the use of structure specific endonucleases.
mRNA expression can also be analyzed using mass spectrometry techniques (e.g., MALDI or
SELDI), liquid chromatography, and capillary gel electrophoresis. Any additional method
known in the art can be used to detect the presence or absence of the transcripts.

The expression of the genes from the subject with HCC can be compared to a
reference level of the expression of the same genes in a control. The control can be a subject
with HCC who has responded to immunotherapy. The control can be a subject who has
responded to immunotherapy who has another form of cancer. The control can be a subject
who has responded to immunotherapy who has lung cancer or melanoma. The levels of
expressed genes may be measured as absolute or relative. Absolute quantitation measure
concentrations of specific RNA and requires a calibration curve. Relative quantification
measures fold change differences of specific RNA in comparison to housekeeping genes.
Relative quantification is usually adequate to investigate physiological changes in gene
expression levels.

Either of these methods could be performed using one or more genes listed in Figures
10 and 11.

The invention also provides methods for further detecting and identifying
responsiveness to immunotherapy by the sub-classifications of the Immune class of Active
Immune Response class or Exhausted Immune Response class. These sub-classifications are
based upon the activation of the stroma. Those with lack of activated stroma are considered
in the Active Immune Response class. Those with activated stroma are considered in the
Exhausted Immune Response class. These classes while both part of the Immune class
warrant slightly different treatment protocols.

Thus, a further embodiment of the present invention is a method of treating a subject
with HCC, comprising

a. assaying gene expression levels of one or more genes in Table 3 in a sample
from the subject with hepatocellular carcinoma to obtain a first test expression
profile;

b. comparing the first test expression profile of the one or more genes in Table 3
with a first reference expression profile, wherein the first reference expression
profile comprises a reference expression level of the same genes in a sample

from a control;
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c. detecting the gene expression levels of one or more genes in the test
expression profile are the same as compared to expression level of the same
genes in the reference expression profile that is indicative of immunotherapy
responsive phenotype and further detecting that the subject would be
responsive to immunotherapy;

d. assaying the gene expression levels of one or more genes in the pathways in
Figure 12 in a sample from the subject with hepatocellular carcinoma to obtain
a second test expression profile;

e. comparing the second test expression profile of the one or more genes in the
pathways in Figure 12 with a second reference expression profile, wherein the
second expression profile comprises a reference expression level of the same
genes in a sample from a control;

f. detecting the gene expression levels of one or more genes in the second test
expression profile are the same as compared to expression level of the same
genes in the second reference expression profile that is indicative of Exhausted
Immune Response phenotype; and

g. treating the subject with a combination of immunotherapy and a second agent.

In some embodiments, the subject has been recently diagnosed with hepatocellular
carcinoma (HCC). In some embodiments, the subject has been previously treated for HCC.

In some embodiments, the sample is tumor tissue. In some embodiments, multiple
samples from the tumor are assayed for gene expression.

Determining the expression of any of the genes can be done by any method known in
the art, including, but not limited to, microarrays; Southern blots; Northern blots; dot blots;
primer extension; nuclease protection; subtractive hybridization and isolation of non-
duplexed molecules using, for example, hydroxyapatite; solution hybridization; filter
hybridization; amplification techniques such as RT-PCR and other PCR-related techniques
such as PCR with melting curve analysis, and PCR with mass spectrometry; fingerprinting,
such as with restriction endonucleases; and the use of structure specific endonucleases.
mRNA expression can also be analyzed using mass spectrometry techniques (e.g., MALDI or
SELDI), liquid chromatography, and capillary gel electrophoresis. Any additional method
known in the art can be used to detect the presence or absence of the transcripts.

The expression of the genes from the subject with HCC can be compared to a

reference level of the expression of the same genes in a control. The control can be the same
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for both step (b) and step (e) or the controls can be different. The control can be a subject
with HCC who has responded to immunotherapy. The control can be a subject who has
responded to immunotherapy who has another form of cancer. The control can be a subject
who has responded to immunotherapy who has lung cancer or melanoma. The levels of
expressed genes may be measured as absolute or relative. Absolute quantitation measure
concentrations of specific RNA and requires a calibration curve. Relative quantification
measures fold change differences of specific RNA in comparison to housekeeping genes.
Relative quantification is usually adequate to investigate physiological changes in gene
expression levels.

Steps a-c can be performed using one or more of the genes listed in Figures 10 and 11.

In some embodiments, immunotherapy includes but is not limited to monoclonal
antibodies directed against the cytotoxic T-lymphocyte protein (CTLA-4) (e.g., ipilimumab),
the programmed cell death protein 1 (PD-1) (e.g., nivolumab and pembrolizumab) and its
ligand PD-L1 (e.g., atezolizumab), and combinations thereof.

In some embodiments, the gene of which the expression level is assayed in step (d) is
PMEPA1, LGALS1, LGALS3, TGF-B or from the CTNNB1 signaling pathway including
CXCL12 and CCL2.

In some embodiments, the second agent includes but is not limited to a TGF-f3
inhibitor and a CTNNB1 signaling pathway inhibitor. In some embodiments, the second
agent is a chemotherapeutic agent or radiation.

A further embodiment of the present invention is a method of treating a subject with
HCC, comprising

a. assaying gene expression levels of one or more genes in Table 3 in a sample
from the subject with hepatocellular carcinoma to obtain a first test expression
profile;

b. comparing the first test expression profile of the one or more genes in Table 3
with a first reference expression profile, wherein the first reference expression
profile comprises a reference expression level of the same genes in a sample
from a control;

c. detecting the gene expression levels of one or more genes in the test
expression profile are the same as compared to expression level of the same
genes in the reference expression profile that is indicative of immunotherapy
responsive phenotype and further detecting that the subject would be

responsive to immunotherapy;
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d. assaying the gene expression levels of one or more genes chosen from the
group consisting of PMEPAI, LGALS1, LGALS3, TGF-f, genes from the
CTNNBI1 signaling pathway and combinations thereof in a sample from the
subject with hepatocellular carcinoma to obtain a second test expression
profile;

e. comparing the second test expression profile of the one or more genes chosen
from the group consisting of PMEPAI, LGALS1, LGALS3, TGF-f, genes from
the CTNNBI signaling pathway and combinations thereof with a second
reference expression profile, wherein the second expression profile comprises
a reference expression level of the same genes in a sample from a control;

f. detecting the gene expression levels of one or more genes in the second test
expression profile are the same as compared to expression level of the same
genes in the second reference expression profile that is indicative of Exhausted
Immune Response phenotype; and

g. treating the subject with a combination of immunotherapy and a second agent.
In some embodiments, the genes fromf the CTNNB1 signaling pathway are CXCL12
and CCL2.

The invention also provides for kits.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of illustrating the invention, there are depicted in drawings certain
embodiments of the invention. However, the invention is not limited to the precise
arrangements and instrumentalities of the embodiments depicted in the drawings.

FIGURE 1 depicts a flowchart of the study. A total of 956 HCC samples were used in
this study. A training cohort (Heptromic) including 228 HCCs was virtually microdissected
to identify an Immune class. Validation was then performed in 7 independent data sets.

FIGURE 2 shows a table of publicly available gene signatures used in the study in
order of appearance in the text.

FIGURE 3 shows the identification of the Immune class of HCC. FIGURE 3A shows
consensus-clustered heatmap of HCC samples (training dataset, n=228) using exemplar genes
of the immune expression pattern and refined by Random Forest. In the heatmap, high and
low gene set enrichment scores are represented in red and blue, respectively. Positive

prediction of signatures is indicated in red and absence in grey. Similar results were obtained
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with both signatures. FIGURE. 3B shows representative images of immune cell infiltration,
PD-1 and PD-L1 staining in a patient of the Immune class (M321) and a patient outside of the
Immune class (M743). Images were captured with 20X. FIGURE 3C is a graph showing
tertiary lymphoid structures (TLS) count in patients of the Immune class compared to the rest
of the cohort. Vertical axis is TLS count is indicated as a continuum variable and horizontal
axis, patients within (right) versus those outside the Immune class (left).

FIGURE 4 shows that the Immune class contains two distinct microenvironment-
based subtypes. FIGURE 4A is NTP analysis of whole-tumor gene expression data using a
molecular signature able to capture activated inflammatory stromal response identified two
distinct subtypes of Immune class — the Active (blue color bar) and the Exhausted (green
color bar) Immune Response Subtypes. In the heatmap, high and low gene set enrichment
scores are represented in red and blue, respectively; same representation is used for high and
low gene expression. Positive prediction of signatures as calculated by NTP is indicated in
red and absence in grey. FIGURE 4B is a heatmap representation of the distribution of
immune cell infiltration (high vs low), TLS [positive (=5 foci) vs negative (< 5 foci)], PD-1
and PD-L1 positive staining in the Immune class versus the rest of the cohort and between the
two Immune subtypes. No significant difference was observed between the Active and
Exhausted Immune subtype in term of immune infiltration (10/35 vs 1/14, p=0.14), TLS
count (= 5 foci, 15/34 vs 4/17, p=0.22), PD-L.1 (9/34 vs 3/14, p=1.00) and PD-1 expression
(8/34 vs 0/14, p=0.08). FIGURE 4C are representative images of immune cell infiltration,
PD-1 and PD-L1 staining in a patient of the Active Immune subtype (M499) and a patient of
the Exhausted Immune subtype (B209). Images were captured with 40X.

FIGURE 5 shows Kaplan-Meier estimates of overall survival and recurrence rate
according to the immune response type status and robustness of the Immune class. FIGURE
5A shows Kaplan-Meier estimates of overall survival according to the Active Immune
Response status in the Heptromic cohort (Active Immune Response vs rest plus Exhausted
Immune Response). FIGURE 5B shows Kaplan-Meier estimates of overall survival
according to the Active Immune Response status 1 in the TCGA cohort. FIGURE 5C shows
external validation of the Immune class was conducted in the publicly available TCGA
dataset. FIGURE 5D shows the Kaplan-Meier estimates of overall recurrence according to
the microenvironment-based immune subtypes in training cohort. In the training set
(Heptromic), patients within the Active Immune Response cluster showed lower rates of
tumor recurrence compared to the Exhausted cluster (p=0.04). Non-significant differences

were observed between the Active Immune Response cluster and the rest of the cohort
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(p=0.32), and between the Exhausted Immune Response cluster and the rest (p=0.15).
FIGURE 5E shows the Kaplan-Meier estimates of overall recurrence according to the
microenvironment-based immune subtypes in the Validation dataset. In the Validation set,
only a non-significant trend was observed with a median of 79 months in the Active Immune
Response Subtype versus 27 months in the Exhausted Immune Response Subtype (p=0.14)
and 31 months in the rest of the cohort (p=0.08).

FIGURE 6 shows the association of the Immune class with copy number aberrations,
presence of neo-antigens, mutations in driver genes, and alterations in methylation. FIGURE
6A shows the burden of gains in patients of the Immune class versus the rest of the cohort.
FIGURE 6B shows the burden of losses in patients of the Immune class versus the rest of the
cohort. In both FIGURES, both broad (left panels) and focal (right panels) are shown.
FIGURE 6C is a graph showing the rate of mutations predicted to yield a neo-antigen was
similar between the Immune class and the rest of the cohort. FIGURE 6D is a graph showing
the rate of mutations predicted to yield a neo-antigen between the two microenvironment-
based subtypes and the rest of the cohort. FIGURE 6E is a graph of the comparison of the
rate of mutations between the Immune class and the rest of the cohort. FIGURE 6F is a
graph of the rate of mutation between the distinct Immune subtypes and the rest of the cohort.
FIGURE 6G is a heatmap representation of the distribution of mutations in known driver
genes between patients of the Immune class and rest of TGCA cohort. FIGURE 6H is a
graph of the difference in the methylation levels of 363 CpG sites in 192 immune related
promoter genes among 3 groups is represented as box plot. Exact p values according to
Tukey test are: between Active vs rest: p=3.57E-13; Exhausted vs rest: p=1.93E-13;
Exhausted vs Active: p=3.42E-7. FIGURE 6l is a graph of LGALS3 expression in the
Immune Response Subtypes and the rest of the cohort (left) and PMEPAI expression (right).
FIGURE 6] is a box-plot representation of CCL4 expression in patients of the CTNNBI1 class
compared to Immune class and rest of cohort. FIGURE 6K is a box-plot representation of
normalized PTK2 expression (microarray data) in patients of the CTNNB1 class compared to
patients of the Immune class and rest of the cohort. PTK2 expression is expressed in log2.
FIGURE 6L shows a graph of the correlation of normalized PTK2 gene expression levels
detected by microarray and gRT-PCR in HCC samples of the Heptromic cohort. FIGURE 6M
is a graph of the correlation of normalized gene expression levels detected by microarray
and copy number in HCC samples of the Heptromic cohort (Spearman’s rank correlation

coefficient).
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FIGURE 7 shows the intratumoral immune profile does not correspond to the immune
infiltration of the surrounding non-tumoral liver. FIGURE 7A shows gene expression of the
tumor (upper panel) and matched surrounding non-tumoral liver (lower panel) was available
for 167 patients of the Heptromic cohort (training dataset). Heatmap represents enrichment
scores for immune signatures in the tumors (upper panel) and corresponding surrounding
tissues (bottom panel). Multi-nodularity was more frequent in patients which are positive for
the immune classifier [25/55 (45%) vs24/110 (22%), p=0.01]. FIGURE 7B shows Kaplan-
Meyer estimates of overall survival according to the presence of the Immune Classifier in the
surrounding liver.

FIGURE 8 shows anti-tumor activity of nivolumab in patient #1 positively predicted
by the immune classifier. Initially, patient #1 presented with intrahepatic recurrence and a
metastatic pelvis mass of 16 cm after resection for single 3 cm HCC. FIGURE 8A shows CT
images of patient #1 before start of treatment with nivolumab. FIGUR 8B shows CT images
of patient #1 showing 75% reduction in tumor mass after 2 months of treatment with
nivolumab. The white arrows point to the tumor in each image.

FIGURE 9 shows the genetic similarity between patients of the Immune class and
melanoma patients responsive to PD-1 therapy. FIGURE 9A is submap analysis for
Heptromic as applied considering 2 groups in HCC cohorts (Immune class vs rest) and 4
groups [pre-PD1 responders (pre-PD1 R) and non-responders (pre-PD1 NR); pre-CTLA4
responders (pre-CTLA4 R) and non-responders (pre-CTLA-4 NR)] in Chen et al. dataset.
FIGURE 9B is a submap analysis for Heptromic as applied considering 3 groups in HCC
cohorts (Active Immune, Exhausted Immune and rest) and 4 groups [pre-PD1 responders
(pre-PD1 R) and non-responders (pre-PD1 NR); pre-CTLA4 responders (pre-CTLA4 R) and
non-responders (pre-CTLA-4 NR)] in Chen et al. dataset. FIGURE 9C is submap analysis
for TCGA as applied considering 2 groups in HCC cohorts (Immune class vs rest) and 4
groups [pre-PD1 responders (pre-PD1 R) and non-responders (pre-PD1 NR); pre-CTLA4
responders (pre-CTLA4 R) and non-responders (pre-CTLA-4 NR)] in Chen et al. dataset.
FIGURE 9D is a submap analysis for TCGA as applied considering 3 groups in HCC cohorts
(Active Immune, Exhausted Immune and rest) and 4 groups [pre-PD1 responders (pre-PD1
R) and non-responders (pre-PD1 NR); pre-CTLA4 responders (pre-CTLA4 R) and non-
responders (pre-CTLA-4 NR)] in Chen er al. dataset. Similarity was observed between the
Immune class and anti-PD1 responders (p=0.01 in Heptromic and non-significant trend in
TCGA) and between the Active Immune subtype and anti-PD1 responders in both cohorts

(Bonferroni-corrected p-value=0.01).
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FIGURE 10 is a table of the genes in the Immune subclass gene classifier.

FIGURE 11 is a table of genes significantly over-expressed in the Immune class.

FIGURE 12 is a table of enriched gene pathways in the Exhausted Immune Response
subtype.

FIGURE 13 is a table of the distribution of focal high-level amplifications (HLA) and
homozygous deletions in driver genes between the Immune class and the rest of patients.

FIGURE 14 shows the heatmap visualization of the predictive capacity of the 56-
genes Immune classifier compared to the original 112-genes Immune classifier. In the
heatmap each column represents a sample whereas each row represents the 112-genes
classifier or the 56-genes Immune classifier (bottom row). Samples positively predicted to
belong to the Immune class are represented as dark boxes to the left whereas patients
predictive to be negative for the Immune classifier are represented as light boxes to the right.
FIGURE 14A shows the results for the TGCA dataset (n=190 samples). FIGURE 14B shows
the results for the Validation cohort (n=132). FIGURE 14C shows the results for the HCC-I
dataset (n=90).

FIGURE 15 is a Receiver Operating Characteristic (ROC) curve calculated in all
patients analyzed (n= 441). Standard error=0.011, confidence interval (0.949-(0.993),

Asymptotic significance=0.011.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The terms used in this specification generally have their ordinary meanings in the art,
within the context of this invention and the specific context where each term is used. Certain
terms are discussed below, or elsewhere in the specification, to provide additional guidance
to the practitioner in describing the methods of the invention and how to use them.
Moreover, it will be appreciated that the same thing can be said in more than one way.
Consequently, alternative language and synonyms may be used for any one or more of the
terms discussed herein, nor is any special significance to be placed upon whether or not a
term is elaborated or discussed herein. Synonyms for certain terms are provided. A recital of
one or more synonyms does not exclude the use of the other synonyms. The use of examples
anywhere in the specification, including examples of any terms discussed herein, is
illustrative only, and in no way limits the scope and meaning of the invention or any

exemplified term. Likewise, the invention is not limited to its preferred embodiments.
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As used herein, the term “Hepatocellular carcinoma (HCC)” means a primary
malignancy of the liver and occurs predominantly in patients with underlying chronic liver
disease and cirrhosis. The cell(s) of origin are believed to be the hepatic stem cells, although
this remains the subject of investigation. Tumors progress with local expansion, intrahepatic
spread, and distant metastases.

As used herein, the term “subject” or “patient” as used herein refers to a mammal,
preferably a human, for whom treatment can be provided.

The term “treatment” or “treating” as used herein refers to the administration of
medicine or the performance of medical procedures with respect to a subject, for either
prophylaxis (prevention) or to cure or reduce the extent of or likelihood of occurrence or
recurrence of the infirmity or malady or condition or event in the instance where the subject
or patient is afflicted. As related to the present disclosure, the term may also mean the
administration of pharmacological substances or formulations, or the performance of non-
pharmacological methods including, but not limited to, radiation therapy and surgery.
Pharmacological substances as used herein may include, but are not limited to,
chemotherapeutics that are established in the art, such as Gemcitabine (GEMZAR), 5-
fluorouracil (5-FU), irinotecan (CAMPTOSAR), oxaliplatin (ELOXATIN), albumin-bound
paclitaxel (ABRAXANE), capecitabine (XELODA), cisplatin, paclitaxel (TAXOL),
docetaxel (TAXOTERE), and irinotecan liposome (ONIVYDE). Pharmacological substances
may include substances used in immunotherapy, such as checkpoint inhibitors, may include,
but are not limited to, ipilimumab, nivolumab, pembrolizumab, and atezolimumab.
Treatment may include a multiplicity of pharmacological substances as well as radiation
therapy and surgery.

The term “agent” as used herein means a substance that produces or is capable of
producing an effect and would include, but is not limited to, chemicals, pharmaceuticals,
biologics, small organic molecules, antibodies, nucleic acids, peptides, and proteins.

The phrase "therapeutically effective amount" is used herein to mean an amount
sufficient to cause an improvement in a clinically significant condition in the subject, or
delays or minimizes or mitigates one or more symptoms associated with the disease, or
results in a desired beneficial change of physiology in the subject.

The terms “expression profile” or “gene expression profile” refers to any description
or measurement of one or more of the genes that are expressed by a cell, tissue, or organism
under or in response to a particular condition. Expression profiles can identify genes that are

up-regulated, down-regulated, or unaffected under particular conditions. Gene expression
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can be detected at the nucleic acid level or at the protein level. The expression profiling at
the nucleic acid level can be accomplished using any available technology to measure gene
transcript levels. For example, the method could employ in situ hybridization, Northern
hybridization or hybridization to a nucleic acid microarray, such as an oligonucleotide
microarray, or a cDNA microarray. Alternatively, the method could employ reverse
transcriptase-polymerase chain reaction (RT-PCR) such as fluorescent dye-based quantitative
real time PCR (TagMan® PCR). The expression profiling at the protein level can be
accomplished using any available technology to measure protein levels, e.g., using peptide-
specific capture agent arrays.

The terms “gene”, “gene transcript”, and “transcript” are used somewhat
interchangeable in the application. The term "gene", also called a "structural gene" means a
DNA sequence that codes for or corresponds to a particular sequence of amino acids which
comprise all or part of one or more proteins or enzymes, and may or may not include
regulatory DNA sequences, such as promoter sequences, which determine for example the
conditions under which the gene is expressed. Some genes, which are not structural genes,
may be transcribed from DNA to RNA, but are not translated into an amino acid sequence.
Other genes may function as regulators of structural genes or as regulators of DNA
transcription. “Transcript” or “gene transcript” is a sequence of RNA produced by
transcription of a particular gene. Thus, the expression of the gene can be measured via the
transcript.

As used herein, the term “Immune class™ refers patients having hepatocellular
carcinoma showing significant enrichment of signatures identifying immune cells, i.e., T
cells, cytotox tertiary lymphoid structures (TLS), and macrophages, immune metagenes, IFN
gene signatures predictive of response to pembrolizumab in melanoma, and head and neck
squamous cell carcinoma, and PD-1 signaling.

As used herein, the term “IFN” refers to interferon.

As used herein, the term “CTNNB1” refers to Catenin Beta 1.

As used herein, the term “NMF”’ refers to non-negative matrix factorization.

As used herein, the term “TLS” refers to tertiary lymphoid structure.

As used herein, the term “FDR” refers to false discovery rate.

As used herein, the term “CCL” refers to Chemokine (C-C motif) ligand.

As used herein, the term “CXCL”refers to chemokine (C-X-C motif) ligand.

As used herein, the term “JAK/STAT” refers to Janus Kinase/Signal Transducer and

Activator of Transcription.
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As used herein, the term “GSEA” refers to gene set enrichment analysis.

As used herein, the term “EMT” refers to epithelial mesenchymal transition.

As used herein, the term “NTP” refers to nearest template prediction.

As used herein, the term “TBRS” refers to TGF-beta response signature.

As used herein, the term “F-TBRS” refers to Fibroblasts-derived TGF-beta response
signature.

As used herein, the term “T-TBRS” refers to T cells-derived TGF-beta response
signature.

As used herein, the term “LGALS” refers to lectin, galactose binding, soluble 1.

As used herein, the term “NKG2D” refers to natural killer group 2D.

As used herein, the term “TBX” refers to 1 T-box transcription factor.

As used herein, the term “FFPE” refers to formalin fixed paraffin embedded.

As used herein, the term “PMEPA1” refers to prostate transmembrane protein,
androgen induced 1.

As used herein, the term “PTK2” refers to Protein Tyrosine Kinase 2.

As used herein, the term “AFP” refers to Alpha Fetoprotein.

As used herein, the term “RF” refers to random forest.

As used herein, the term “SCNA” refers to somatic copy number aberrations.

The term “about” or “approximately” means within an acceptable error range for the
particular value as determined by one of ordinary skill in the art, which will depend in part on
how the value is measured or determined, i.e., the limitations of the measurement system, i.e.,
the degree of precision required for a particular purpose, such as a pharmaceutical
formulation. For example, “about” can mean within 1 or more than 1 standard deviations, per
the practice in the art. Alternatively, “about” can mean a range of up to 20%, preferably up
to 10%, more preferably up to 5%, and more preferably still up to 1% of a given value.
Alternatively, particularly with respect to biological systems or processes, the term can mean
within an order of magnitude, preferably within 5-fold, and more preferably within 2-fold, of
a value. Where particular values are described in the application and claims, unless otherwise
stated, the term “about” meaning within an acceptable error range for the particular value

should be assumed.

Molecular biology

In accordance with the present invention, there may be numerous tools and techniques

within the skill of the art, such as those commonly used in molecular immunology, cellular
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immunology, pharmacology, and microbiology. See, e.g., Sambrook et al. (2001) Molecular
Cloning: A Laboratory Manual. 3rd ed. Cold Spring Harbor Laboratory Press: Cold Spring
Harbor, N.Y.; Ausubel et al. eds. (2005) Current Protocols in Molecular Biology. John Wiley
and Sons, Inc.: Hoboken, N.J.; Bonifacino et al. eds. (2005) Current Protocols in Cell
Biology. John Wiley and Sons, Inc.: Hoboken, N.J.; Coligan er al. eds. (2005) Current
Protocols in Immunology, John Wiley and Sons, Inc.: Hoboken, N.J.; Coico et al. eds. (2005)
Current Protocols in Microbiology, John Wiley and Sons, Inc.: Hoboken, N.J.; Coligan et al.
eds. (2005) Current Protocols in Protein Science, John Wiley and Sons, Inc.: Hoboken, N.J.;
and Enna et al. eds. (2005) Current Protocols in Pharmacology, John Wiley and Sons, Inc.:
Hoboken, N.J.

Identification of An Immune Class of HCC and Sub-classes, Active Immune Response
and Exhausted Immune Response

The current invention solves the problem of using PD-L1 expression as a biomarker
for detecting immunotherapy responsiveness by using a set of gene expression biomarkers
that accurately detect a phenotype of immunotherapy responsiveness in patients with HCC.

The biomarkers described herein provide not only a novel and unique way to
definitively identify, detect, and predict a patient’s response to immunotherapy, but also
provide a number of markers for use in drug screening and basic research on HCC as well as
other cancers.

Using non-negative matrix factorization (NMF), the embodiments described herein,
the gene expression data of 956 human HCC samples were deconvoluted and isolated the
signal released from the inflammatory infiltrates to characterize the immunological landscape
of HCC. This has allowed the identification of a previously unnoticed robust, immune-
specific class of HCC with specific biological traits, designated “Immune” class. Close to
25% of HCCs belong to the Immune class, whose molecular characteristics - including high
infiltration of immune cells, expression of PD-1 and PD-L1, and active IFN-y signaling -
highly resemble those of cancers most responsive to immunotherapy (Ji, et al. 2012; Le, et al.
2015; Bald, et al. 2014). Further evaluation of this class using the expression of 112 genes
(FIGURE 10) found a gene signature profile indicative of response to immunotherapies
(Examples 2 and 5). The gene expression profile of this Immune class was compared to
patients with HCC being treated with immunotherapy as well patients with other cancers who
were responsive to HCC. In these cases, the gene expression profile of the Immune class

correlated with immunotherapy responsiveness (Example 5; FIGURES 8 and 9).
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The original 112-genes Immune classifier was successfully reduced to 56 genes
selecting those genes with highest score (Table 3). The prediction capacity of the 56-genes
Immune classifier has been tested and compared to the 112-genes original immune classifier
in 3 datasets: TGCA, Validation cohort and HCC-I dataset. The 56-genes Immune classifier
had a sensitivity of 97%, specificity of 98%, and an accuracy of 97% (Example 10;
FIGURES 14 and 15). Thus, the use of the gene expression biomarkers provides for accurate
detection of patients with HCC who will be responsive to immunotherapy.

PD-L1 staining was enriched in the Immune class, but failed to capture most of the
cases, and thus represents a suboptimal marker (Example 3). As discussed above, this finding
is consistent with the lack of predictive capacity observed for PD-L1 expression on tumor
cells in the large phase II study with nivolumab for HCC patients (El-Khoueiry, er al. 2017),
and shows the need for other biomarkers for the detection of those HCC patients who would
benefit from immunotherapy.

While this immune phenotype of the Immune class can predict response to
immunotherapies, since a favorable response to checkpoint inhibitors relies on the intricate
and dynamic interactions between tumor cells, immune cells and other immunomodulators
present in the microenvironment, which may either dampen or enhance the immune response,
further analysis was performed. In this regard, virtual dissection of the gene expression
profile of the Immune class allowed the elucidation of such interactions and identified two
clear cut microenvironment-based clusters of samples: 1) Active Inmune Response and 2)
Exhausted Immune Response. Robustness of these subtypes was supported by their
successful replication in seven independent datasets across different platforms, ranging from
RNA-sequencing to microarray and using distinct types of samples (i.e., fresh frozen and
paraffin-embedded tissue). While the Active Immune Response cluster showed anti-tumor
immune features such as enrichment of IFN signatures, overexpression of adaptive immune
response genes and better survival, the Exhausted Immune Response was characterized by
tumor-promoting signals (e.g., activated stroma, T cell exhaustion and immunosuppressive
components) (Figure 12). In particular, activation of TGF-63, a potent immunoregulatory
cytokine frequently overexpressed in aggressive cancers, was significantly enriched in the
Exhausted Subtype. TGF-f regulates tumor-stroma interactions, angiogenesis, metastasis, and
suppresses the host immune response via induction of T cell exhaustion (Park, et al. 2016;
Stephen, et al. 2014) and promotion of M2-type macrophages (Flavell, et al. 2010) (Example
4).
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Understanding the interactions between the immune response, oncogenic signaling
and the tumor microenvironment is critical to improve the efficacy of current
immunotherapies. For example, patients within the Exhausted Immune Response subtype
could benefit from the combination of TGF-f inhibition plus immune checkpoint blockade.
In this regard, a phase 1b/2 clinical trial testing the novel TGF-f inhibitor, galunisertib, in
combination with nivolumab in advanced solid tumors, including HCC, is currently ongoing
(NCT02423343), with no patient enrichment strategy. Similarly, dissection of the oncogenic
mechanisms responsible for T cell exclusion could bring additional combination strategies in
patients who otherwise would likely not respond. Recent molecular analyses have revealed a
correlation between activation of the CTNNB1 signaling pathway and lower T cell infiltrates
in melanoma and other tumors (Porta-Pardo and Godzik 2016). Consistent with these
findings, HCC samples within the CTNNB1 class showed lower immune-cell signature
scores. Interestingly, the CTNNBI1 class also displayed over-expression of PTK2, another

oncogenic signal recently reported to drive immune exclusion (Jiang, et al. 2016).

Genes Correlated to the Immune Class Predictive of Response to Immunotherapy

As fully discussed, the current biomarker for response to immunotherapy, expression
of PD-L1, is not reliable and there is a need in the art for reliable biomarkers. The data herein
show for the first time, biomarkers in the form of a set of genes, which correlate to a positive
response to immunotherapy.

These biomarkers include 112 genes that are differentially expressed in the Immune
class. These genes are listed in Figure 10.

A set of 56 genes has been shown to be more sensitive and accurate in correlating a
positive response to immunotherapy. These genes are listed in Table 3.

Additionally, the 108 genes listed in Figure 11 are upregulated in the Immune class.

By using these biomarkers, important predictions and determinations can be made
regarding an HCC patient’s response to immunotherapy. While tests for these biomarkers
can be performed at any time after a diagnosis of HCC, preferably such tests would be
performed as soon as possible after a positive diagnosis of HCC is made by a clinician. In
that manner, the valuable insight into the disease can be utilized in choice of therapy.

Thus, one embodiment of the present invention, a test for the expression of one or
more genes in Figure 10 could be done and a positive result would indicate that the subject is

a candidate for immunotherapy.
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A further embodiment of the present invention, a test for the expression of one or
more genes in Figure 11 could be done and a positive result would indicate that the subject is
a candidate for immunotherapy.

A further embodiment of the present invention, a test for the expression of one or
more genes in Table 3 could be done and a positive result would indicate that the subject is a
candidate for immunotherapy.

As also fully discussed, the data herein also show two distinct sub-classes that also
predict the response to treatment by a patient with HCC. These sub-clasess, termed Active
Immune Response and Exhausted Immune Response can also be identified by the expression
of a set of gene pathways found in Figure 12.

Thus, in a further embodiment of the invention, a test for the expression of one or
more genes in the pathways listed in Figure 12 can be done and a positive result would
indicate that the patient while a candidate for immunotherapy, the immunotherapy should be
combined with another agent, such as a TGF-f inhibitor.

In order to detect any of these transcripts or genes, a sample of tumor from a subject
who has been positively diagnosed with HCC is obtained and prepared and analyzed for the
presence of the biomarkers, i.e, gene expression, in Table 3, Figures 10, 11, and/or 12. This
can be achieved in numerous ways, by a diagnostic laboratory, and/or a health care provider.

Alternatively, nucleic acid can be obtained from any biological tissue including but
not limited to liver, whole blood, and plasma, and from any biological fluid including, but not
limited to, plasma.

The nucleic acid is extracted, isolated and purified from the cells of the tumor, tissue
or fluid by methods known in the art.

If required, a nucleic acid sample having the gene sequence(s) are prepared using
known techniques. For example, the sample can be treated to lyse the cells, using known lysis
buffers, sonication, electroporation, with purification and amplification occurring as needed,
as will be understood by those in the skilled in the art. In addition, the reactions can be
accomplished in a variety of ways. Components of the reaction may be added simultaneously,
or sequentially, in any order. In addition, the reaction can include a variety of other reagents
which can be useful in the methods and assays and would include but is not limited to salts,
buffers, neutral proteins, such albumin, and detergents, which may be used to facilitate
optimal hybridization and detection, and/or reduce non-specific or background interactions.

Also reagents that otherwise improve the efficiency of the assay, such as protease inhibitors,
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nuclease inhibitors, and anti-microbial agents, can be used, depending on the sample
preparation methods and purity.

Once prepared, mRNA or other nucleic acids are analyzed by methods known to those
of skill in the art. In addition, when nucleic acids are to be detected preferred methods utilize
cutting or shearing techniques to cut the nucleic acid sample containing the target sequence
into a size that will facilitate handling and hybridization to the target. This can be
accomplished by shearing the nucleic acid through mechanical forces, such as sonication, or
by cleaving the nucleic acid using restriction endonucleases, or any other methods known in
the art. However, in most cases, the natural degradation that occurs during archiving results
in “short” oligonucleotides. In general, the methods and assays of the invention can be done
on oligonucleotides as short as 20-100 base pairs, with from 20 to 50 being preferred, and
between 40 and 50, including 44, 45, 46, 47, 48 and 49 being the most preferred.

Methods for examining gene expression, are often hybridization based, and include,
Southern blots; Northern blots; dot blots; primer extension; nuclease protection; subtractive
hybridization and isolation of non-duplexed molecules using, for example, hydroxyapatite;
solution hybridization; filter hybridization; amplification techniques such as RT-PCR and
other PCR-related techniques such as PCR with melting curve analysis, and PCR with mass
spectrometry; fingerprinting, such as with restriction endonucleases; and the use of structure
specific endonucleases. mRNA expression can also be analyzed using mass spectrometry
techniques (e.g., MALDI or SELDI), liquid chromatography, and capillary gel
electrophoresis. Any additional method known in the art can be used to detect the presence or
absence of the transcripts.

For a general description of these techniques, see also Sambrook et al. 1989; Kriegler
1990; and Ausebel et al. 1990.

A preferred method for the detection of gene expression is the use of arrays or
microarrays. These terms are used interchangeably and refer to any ordered arrangement on a
surface or substrate of different molecules, referred to herein as “probes.” Each different
probe of any array is capable of specifically recognizing and/or binding to a particular
molecule, which is referred to herein as its “target” in the context of arrays. Examples of
typical target molecules that can be detected using microarrays include mRNA transcripts,
cRNA molecules, cDNA, PCR products, and proteins.

Microarrays are useful for simultaneously detecting the presence, absence and
quantity of a plurality of different target molecules in a sample. The presence and quantity, or

absence, of the probe’s target molecule in a sample may be readily determined by analyzing
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whether and how much of a target has bound to a probe at a particular location on the surface
or substrate.

In a preferred embodiment, arrays used in the present invention are “addressable
arrays” where each different probe is associated with a particular “address.”

The arrays used in the present invention are preferable nucleic acid arrays that
comprise a plurality of nucleic acid probes immobilized on a surface or substrate. The
different nucleic acid probes are complementary to, and therefore can hybridize to, different
target nucleic acid molecules in a sample. Thus, each probe can be used to simultaneously
detect the presence and quantity of a plurality of different genes, e.g., the presence and
abundance of different mRNA molecules, or of nucleic acid molecules derived therefrom (for
example, cDNA or cRNA).

The arrays are preferably reproducible, allowing multiple copies of a given array to be
produced and the results from each easily compared to one another. Preferably microarrays
are small, and made from materials that are stable under binding conditions. A given binding
site or unique set of binding sites in the microarray will specifically bind to the target. It will
be appreciated that when cDNA complementary to the RNA of a cell is made and hybridized
to a microarray under suitable conditions, the level or degree of hybridization to the site in
the array corresponding to any particular gene will reflect the prevalence in the cell of mRNA
transcribed from that gene. For example, when detectably labeled (e.g., with a fluorophore)
cDNA complementary to the total cellular mRNA is hybridized to a microarray, the site on
the array corresponding to a gene (i.e., capable of specifically binding a nucleic acid product
of the gene) that is not transcribed in the cell will have little or no signal, while a gene for
which mRNA is highly prevalent will have a relatively strong signal.

By way of example, GeneChip® (Affymetrix, Santa Clara, CA), generates data for
the assessment of gene expression profiles and other biological assays. Oligonucleotide
expression arrays simultaneously and quantitatively “interrogate” thousands of mRNA
transcripts. Each transcript can be represented on a probe array by multiple probe pairs to
differentiate among closely related members of gene families. Each probe contains millions
of copies of a specific oligonucleotide probe, permitting the accurate and sensitive detection
of even low-intensity mRNA hybridization patterns. After hybridization data is captured,
using a scanner or optical detection systems, software can be used to automatically calculate
the intensity values for each probe cell. Probe cell intensities can be used to calculate an

average intensity for each gene, which correlates with mRNA abundance levels. Expression
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data can be quickly sorted based on any analysis parameter and displayed in a variety of
graphical formats for any selected subset of genes.

Further examples of microarrays that can be used in the assays and methods of the
invention are microarrays synthesized in accordance with techniques sometimes referred to as
VLSIPS™ (Very Large Scale Immobilized Polymer Synthesis) technologies as described, for
example, in U.S. Patent Nos. 5,324,633; 5,744,305; 5,451,683; 5,482,867; 5,491,074;
5,624,711; 5,795,716; 5,831,070; 5,856,101; 5,858,659; 5,874,219; 5,968,740; 5,974,164;
5,981,185; 5,981,956; 6,025,601; 6,033,860; 6,090,555; 6,136,269; 6,022,963; 6,083,697;
6,291,183; 6,309,831; 6,416,949; 6,428,752 and 6,482,591.

Other exemplary arrays that are useful for use in the invention include, but are not
limited to, Sentrix® Array or Sentrix® BeadChip Array available from [llumina®, Inc. (San
Diego, Calif.) or others including beads in wells such as those described in U.S. Patent Nos.
6,266,459; 6,355,431; 6,770,441; and 6,859,570. Arrays that have particle on the surface can
also be used and include those described in U.S. Pat. Nos. 6,489,606; 7,106,513; 7,126,755;
and 7,164,533.

An array of beads in a fluid format, such as a fluid stream of a flow cytometer or
similar device, can also be used in methods for the invention. Exemplary formats that can be
used in the invention to distinguish beads in a fluid sample using microfluidic devices are
described, for example, in U.S. Patent No. 6,524,793. Commercially available fluid formats
for distinguishing beads include, for example, those used in XMAP™ technologies from
Luminex or MPSS™ methods from Lynx Therapeutics.

A spotted microarray can also be used in a method of the invention. An exemplary
spotted microarray is a CodeLink™ Array available from Amersham Biosciences.

Another microarray that is useful in the invention is one that is manufactured using
inkjet printing methods such as SurePrint™ Technology available from Agilent
Technologies. Other microarrays that can be used in the invention include, without limitation,
those described in U.S. Patent Nos. 5,429,807; 5,436,327; 5,561,071; 5,583,211, 5,658,734;
5,837,858; 5,919,523; 6,287,768; 6,287,776; 6,288,220; 6,297,006; 6,291,193; and
6,514,751.

Screening and diagnostic method of the current invention may involve the
amplification of the target loci. A preferred method for target amplification of nucleic acid
sequences is using polymerases, in particular polymerase chain reaction (PCR). PCR or other

polymerase-driven amplification methods obtain millions of copies of the relevant nucleic
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acid sequences which then can be used as substrates for probes or sequenced or used in other
assays.

Amplification using polymerase chain reaction is particularly useful in the
embodiments of the current invention. PCR is a rapid and versatile in vitro method for
amplifying defined target DNA sequences present within a source of DNA. Usually, the
method is designed to permit selective amplification of a specific target DNA sequence(s)
within a heterogeneous collection of DNA sequences (e.g. total genomic DNA or a complex
cDNA population). To permit such selective amplification, some prior DNA sequence
information from the target sequences is required. This information is used to design two
oligonucleotide primers (amplimers) which are specific for the target sequence and which are

often about 15-25 nucleotides long.

Treatment with Immune Checkpoint Inhibitors

Immune checkpoints regulate T cell function in the immune system. T cells play a
central role in cell-mediated immunity. Checkpoint proteins interact with specific ligands
which send a signal to the T cell and essentially turn off or inhibit T cell function. Cancer
cells take advantage of this system by driving high levels of expression of checkpoint
proteins on their surface which results in control of the T cells expressing checkpoint proteins
on the surface of T cells that enter the tumor microenvironment, thus suppressing the
anticancer immune response. As such, inhibition of checkpoint proteins results in complete or
partial restoration of T cell function and an immune response to the cancer cells. Examples of
checkpoint proteins include, but are not limited to CTLA-4, PD-L1, PD-L2, PD-1, B7-H3,
B7- H4, BTLA, HVEM, TIM3, GAL9, LAG3, VISTA, KIR, 2B4 (belongs to the CD2 family
of molecules and is expressed on all NK, y§, and memory CD8+ (af3) T cells), CD 160 (also
referred to as BY55), CGEN-15049, CHK 1 and CHK?2 kinases, A2aR and various B-7
family ligands.

Checkpoint inhibitors include any agent that blocks or inhibits in a statistically
significant manner, the inhibitory pathways of the immune system. Such inhibitors may
include small molecule inhibitors or may include antibodies, or antigen binding fragments
thereof, that bind to and block or inhibit immune checkpoint receptors or antibodies that bind
to and block or inhibit immune checkpoint receptor ligands. [llustrative checkpoint molecules
that may be targeted for blocking or inhibition include, but are not limited to, CTLA-4, PD-
L1, PD-L2, PD-1, B7-H3, B7-H4, BTLA, HVEM, GAL9, LAG3, TIM3, VISTA, KIR, 2B4
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(belongs to the CD2 family of molecules and is expressed on all NK, 8, and memory CD8+
(af) T cells), CD160 (also referred to as BY55), CGEN-15049, CHK 1 and CHK?2 kinases,
A2aR and various B-7 family ligands. B7 family ligands include, but are not limited to, B7-1,
B7-2, B7-DC, B7-H1, B7-H2, B7-H3, B7-H4, B7-H5, B7-H6 and B7-H7. Checkpoint
inhibitors include antibodies, or antigen binding fragments thereof, other binding proteins,
biologic therapeutics or small molecules, that bind to and block or inhibit the activity of one
or more of CTLA-4, PD-L1, PD-L2, PD-1, BTLA, HVEM, TIM3, GAL9, LAG3, VISTA,
KIR, 2B4, CD 160 and CGEN- 15049. Illustrative immune checkpoint inhibitors include
Tremelimumab (CTLA-4 blocking antibody), anti-OX40, PD-LI monoclonal Antibody (Anti-
B7-HI; MEDI4736), MK-3475 (PD-1 blocker), Nivolumab (anti-PDI antibody), CT- 011
(anti-PDI antibody), BY55 monoclonal antibody, AMP224 (anti-PDLI antibody), BMS-
936559 (anti-PDLI antibody), MPLDL3280A (anti-PDLI antibody), MSB0010718C (anti-
PDLI antibody) and Yervoy/ipilimumab (anti-CTLA-4 checkpoint inhibitor). Checkpoint
protein ligands include, but are not limited to PD-LI, PD-L2, B7-H3, B7-H4, CD28, CD86
and TIM-3.

Programmed cell death protein 1 (PD-1) is a 288 amino acid cell surface protein
molecule expressed on T cells and pro-B cells and plays a role in their fate/ differentiation.
PD-1 has two ligands, PD-L.1 and PD-1L.2, which are members of the B7 family. PD-1 plays a
role in tumor-specific escape from immune surveillance. PD-1 is up-regulated in melanoma
infiltrating T lymphocytes (TILs) (Dotti (2009) Blood 114 (8): 1457-58). Tumors have been
found to express the PD-1 ligand (PDL-1 and PDL-2) which, when combined with the up-
regulation of PD-1 in CTLs, may be a contributory factor in the loss in T cell functionality
and the inability of CTLs to mediate an effective anti-tumor response.

Clinical trials in melanoma have shown robust anti-tumor responses with anti-PD-1
blockade. Significant benefit with PD-1 inhibition in cases of advanced melanoma, ovarian
cancer, non- small-cell lung, prostate, renal-cell, and colorectal cancer have also been
described. Studies in murine models have applied this evidence to glioma therapy. Anti-PD-1
blockade adjuvant to radiation promoted cytotoxic T cell population and an associated long-
term survival benefit in mice with glioma tumor.

One aspect of the present disclosure provides checkpoint inhibitors which are
antibodies that can act as inhibitors of PD-1, thereby modulating immune responses regulated
by PD-1. In one embodiment, the anti-PD-1 antibodies can be antigen-binding fragments.
Anti-PD-1 antibodies disclosed herein are able to bind to human PD-1 and agonize the

activity of PD-1, thereby inhibiting the function of immune cells expressing PD-1. Examples
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of PD-1 and PD-L1 blockers are described in US Patent Nos. 7,488,802; 7,943,743;
8,008,449; 8,168,757; 8,217,149, and PCT Published Patent Application Nos: W003042402,
WO02008156712, W02010089411, W0O2010036959, W0O2011066342, WO2011159877,
W02011082400, and WO2011161699.

There are several PD-1 inhibitors currently being tested in clinical trials. CT-011 is a
humanized IgG]l monoclonal antibody against PD-1. A phase II clinical trial in subjects with
diffuse large B-cell lymphoma (DLBCL) who have undergone autologous stem cell
transplantation was recently completed. Preliminary results demonstrated that 70% of
subjects were progression-free at the end of the follow-up period, compared with 47% in the
control group, and 82% of subjects were alive, compared with 62% in the control group. This
trial determined that CT-011 not only blocks PD-1 function, but it also augments the activity
of natural killer cells, thus intensifying the antitumor immune response.

BMS 936558 is a fully human IgG4 monoclonal antibody targeting PD-1. In a phase I
trial, biweekly administration of BMS-936558 in subjects with advanced, treatment-
refractory malignancies showed durable partial or complete regressions. The most significant
response rate was observed in subjects with melanoma (28%) and renal cell carcinoma
(27%), but substantial clinical activity was also observed in subjects with non- small cell lung
cancer (NSCLC), and some responses persisted for more than a year.

BMS 936559 is a fully human IgG4 monoclonal antibody that targets the PD-1 ligand
PD-L1. Phase I results showed that biweekly administration of this drug led to durable
responses, especially in subjects with melanoma. Objective response rates ranged from 6% to
17%) depending on the cancer type in subjects with advanced-stage NSCLC, melanoma,
RCC, or ovarian cancer, with some subjects experiencing responses lasting a year or longer.

MK 3475 is a humanized [gG4 anti-PD-1 monoclonal antibody in Phase III study
alone or in combination with chemotherapy versus chemotherapy alone as first-line therapy
for advanced gastric or gastroesophageal junction (GEJ) adenocarcinoma. MK 3475 is
currently undergoing numerous global Phase III clinical trials.

MPDL 3280A (atezolizumab) is a monoclonal antibody, which also targets PD-L1.
MPDL 3280A received Breakthrough Therapy Designation from the U.S. Food and Drug
Administration (FDA) for the treatment of people whose NSCLC expresses PD-L1 and who
progressed during or after standard treatments.

AMP 224 is a fusion protein of the extracellular domain of the second PD-1 ligand,
PD-L2, and IgGl, which has the potential to block the PD-L2/PD-1 interaction. AMP-224 is

currently undergoing phase I testing as monotherapy in subjects with advanced cancer.
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Medi 4736 is an anti-PD-LI antibody that has demonstrated an acceptable safety
profile and durable clinical activity in this dose-escalation study. Expansion in multiple
cancers and development of MEDI4736 as monotherapy and in combination is ongoing.

Thus, in certain embodiments, the PD-1 blockers include anti-PD-1 antibodies and
similar binding proteins such as nivolumab (MDX 1106, BMS 936558, ONO 4538), a fully
human IgG4 antibody that binds to and blocks the activation of PD-1 by its ligands PD-LI
and PD-L2; pembrolizumab/lambrolizumab (MK-3475 or SCH 900475), a humanized
monoclonal IgG4 antibody against PD-1; CT-011 a humanized antibody that binds PD-I;
AMP-224 is a fusion protein of B7-DC; an antibody Fc portion; BMS-936559 (MDX- 1105-
01) for PD-LI1 (B7-H1) blockade. Other immune-checkpoint inhibitors include lymphocyte
activation gene-3 (LAG-3) inhibitors, such as IMP321, a soluble Ig fusion protein (Brignone,
et al., 2007, J. Immunol. 179:4202-4211). Other immune-checkpoint inhibitors include B7
inhibitors, such as B7-H3 and B7-H4 inhibitors. In particular, the anti-B7-H3 antibody
MGA271 (Loo, et al., 2012, Clin. Cancer Res. July 15 (18) 3834). Also included are TIM3
(T-cell immunoglobulin domain and mucin domain 3) inhibitors (Fourcade, et al., 2010, J.
Exp. Med. 207:2175-86 and Sakuishi, et al., 2010, J. Exp. Med. 207:2187-94).

The precise effective amount for any particular medicine administered to a subject
will depend upon their size and health, the nature and extent of their condition, and the
therapeutics or combination of therapeutics selected for administration. The effective amount
for a given patient is determined by routine experimentation and is within the judgment of a
clinician. Therapeutically effective amounts of the present antibody compounds can also
comprise an amount in the range of from about 0.1 mg/kg to about 150 mg/kg, from about 0.1
mg/kg to about 100 mg/kg, from about 0.1 mg/kg to about 50 mg/kg, or from about 0.05
mg/kg to about 10 mg/kg per single dose administered to a harvested organ or to a patient.
Known antibody-based pharmaceuticals provide guidance in this respect. For example,
Herceptin™ is administered by intravenous infusion of a 21 mg/ml solution, with an initial
loading dose of 4 mg/kg body weight and a weekly maintenance dose of 2 mg/kg body
weight; Rituxan™ is administered weekly at 375 mg/m?; for example.

A therapeutically effective amount for any individual patient can be determined by the
health care provider by monitoring the effect of the antibody compounds on tumor regression,
circulating tumor cells, tumor stem cells or anti-tumor responses. Analysis of the data
obtained by these methods permits modification of the treatment regimen during therapy so
that optimal amounts of antibody compounds of the present disclosure, whether employed

alone or in combination with one another, or in combination with another therapeutic agent,
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or both, are administered, and so that the duration of treatment can be determined as well. In
this way, the dosing/treatment regimen can be modified over the course of therapy so that the
lowest amounts of antibody compounds used alone or in combination that exhibit satisfactory
efficacy are administered, and so that administration of such compounds is continued only so
long as is necessary to successfully treat the patient. Known antibody-based pharmaceuticals
provide guidance relating to frequency of administration e.g., whether a pharmaceutical
should be delivered daily, weekly, monthly, etc. Frequency and dosage may also depend on
the severity of symptoms.

In some embodiments, antibody compounds of the present disclosure can be used as
medicaments in humans, administered by a variety of routes including, but not limited to,
oral, intravenous, intramuscular, intra-arterial, intramedullary, intraperitoneal, intrathecal,
intraventricular, transdermal, transcutaneous, topical, subcutaneous, intratumoral, intranasal,
enteral, sublingual, intravaginal, intravesiciular or rectal routes. The compositions can also be
administered directly into a lesion such as a tumor. Dosage treatment may be a single dose
schedule or a multiple dose schedule. Typically, the therapeutic compositions can be prepared
as injectables, either as liquid solutions or suspensions. Solid forms suitable for solution in, or
suspension in, liquid vehicles prior to injection can also be prepared.

The current method of treatment of HCC is unique in that it uses a gene expression
profile to determine that the subject would respond to immunotherapy. To date, this
combination of obtaining a genetic profile of the subject’s tumor with the use of
immunotherapy has not been used in HCC treatment nor the treatment of other cancers with
immunotherapy. This nonconventional way of treating HCC will result in better patient

outcomes.

Kits

It is contemplated that all of the methods and assays disclosed herein can be in kit
form for use by a health care provider and/or a diagnostic laboratory.

Assays for the detection and quantitation of one or more of the gene biomarkers can
be incorporated into kits. Such kits would include probes for one or more of the genes listed
in Table 3, Figures 10, 11, and/or 12, reagents for isolating and purifying nucleic acids from
biological tissue or bodily fluid, reagents for performing assays on the isolated and purified
nucleic acid, instructions for use, and reference values or the means for obtaining reference

values in a control sample for the included genes.
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A preferred embodiment of these kits would have the probes attached to a solid state.
A most preferred embodiment would have the probes in a microarray format wherein nucleic
acid probes for one or more of the genes from Table 3, Figures 10, 11, and/or 12 would be in

an ordered arrangement on a surface or substrate.

EXAMPLES

The following examples are included to demonstrate embodiments of the disclosure.
The following examples are presented only by way of illustration and to assist one of
ordinary skill in using the disclosure. The examples are not intended in any way to otherwise
limit the scope of the disclosure. Those of ordinary skill in the art should, in light of the
present disclosure, appreciate that many changes can be made in the specific embodiments
which are disclosed and still obtain a like or similar result without departing from the spirit
and scope of the disclosure.

Example 1 — Materials and Methods for Examples 2-10

Patients and samples

For the purpose of the study, the gene expression profile from a total of 956 HCC
human samples was analyzed (FIGURE 1), including a training cohort of 228 surgically
resected fresh frozen (FF) samples (Heptromic dataset, GSE63898). All samples of the
training set were previously obtained from two institutions of the HCC Genomic Consortium
upon IRB approval: IRCCS Istituto Nazionale Tumori (Milan, Italy) and Hospital Clinic
(Barcelona, Spain). RNA profiling and methylation data were available for all 228 HCC
samples and 168 non-tumor liver adjacent cirrhotic tissues and are published elsewhere
(Villanueva, et al. 2015). Additional 728 HCC samples of patients with mixed etiology from
7 independent datasets were used for external validation (FIGURE 1). Additional 728 HCC
samples of patients with mixed etiology from 7 independent datasets were used for external
validation (FIGURE 1).

One of these datasets, the Validation set, included 131 FFPE tissue samples
previously collected by the inventors and profiled with DASL (Illumina, Inc., San Diego,
CA) technology (GSE20140, samples not overlapping with the training set) (Chiang, et al.
2008; Villaneuva, et al. 2011). Six additional publicly available datasets, including the TCGA
cohort (n=190) profiled by RNA-sequencing on [llumina HiSeq 2000 platform and 5
additional microarray-profiled sets (Lee, et al. 2004; Chen, et al. 2002; lizuka, et al. 2003;
Boyault, et al. 2007; Hoshida, ef al. 2009), were used for further validation. Clinico-
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pathological data and follow-up for patients included in the training and validation datasets

(Validation and TCGA sets) are summarized in Table 1.

Clinicopathological parameters of the additional datasets have been reported

elsewhere (Lachenmayer, et al. 2012).
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AFP- alfa feto-protein; BCLC — Barcelona Clinic Liver Cancer; IQR — interquartile range;

N/A —not available.

a- Missing values Training set: etiology (n=2);

Missing values Validtion set:

Missing values TCGA set:

Child-Pugh score (n=2);

Multiple nodules (n=1);

Vascular invasion (n=3)

BCLC 0-A (n=2);

Tumor differentiation (n=42);

Bilirubin (n=32);

AFP (n=11);

Albumin and bilirubin (n=4);

Platelet (n=2);

Recurrence (n=7).

etiology (n=3);

Child-Pugh score (n=6);

Tumor size (n=2);

Multiple nodules (n=2);

Vascular invasion (n=6)

Satellites (n=6);

BCLC 0-A (n=4);

Tumor differentiation (n=4);

Bilirubin (n=6);

AFP (n=10);

Albumin (n=9);

Platelet (n=5);

Recurrence (n=1).

Child-Pugh score (n=87);

Vascular invasion (n=32)

Tumor differentiation (n=5);

Bilirubin (n=50);

AFP (n=58);

Albumin (n=55);

Inaccurate platelet count;

Recurrence (n=40);

Etiology, tumor size and number, satellites, and
updated follow-up information not available.
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Identification of the Immune expression pattern and unsupervised clustering

Virtual microdissection of gene expression data was performed in the training set
using unsupervised non-negative matrix factorization (NMF, Gene Pattern module) (Brunet,
et al. 2004), as previously described (Moffitt, et al. 2015), with k = 10 as the number of
factors. An immune-related expression pattern was unveiled by integrating NMF-identified
factors with the immune enrichment score (Y oshihara, et al. 2013) calculated by single
sample Gene set enrichment analysis (ssGSEA, Gene Pattern module). Once the immune
expression pattern was deconvoluted by NMF and characterized by integration with ssGSEA
scores, the top-ranked genes (or exemplar genes) were listed according to their loadings.
Exemplar genes of the immune expression pattern were further characterized by Ingenuity
Pathway analysis (IPA). Unsupervised clustering on these exemplar genes was then
performed using NMF consensus (Gene Pattern module). Robustness of the obtained class
was evaluated using a conventional Random Forest procedure (Breiman 2001).
Molecular characterization of the Immune class

Enrichment of molecular pathways and gene expression signatures was evaluated
using GSEA, ssGSEA, and Nearest Template Prediction (NTP) analyses (Gene Pattern
modules) (Reich, et al. 2006). To this end, Molecular Signature Database gene sets and
previously reported gene-expression signatures representing different states of inflammation
or distinct immune cells were tested (Moffitt, er al. 2015; Yoshihara, et al. 2013; Cancer
Genome 20135; Finkin, et al. 2015; Messina, et al. 2012; Quigley, et al. 2010; Spranger, et al.
2015; Coates, et al. 2008; Bindea, et al. 2013; Alistar, et al. 2014; Ribas, et al. 2015; Chow,
et al. 2016; Calon, et al. 2012; Rooney, et al. 2015) (FIGURE 2). Previously published HCC
molecular classifications were also analyzed (Chiang, et al. 2008; Hoshida, et al. 2009;
Coulouarn, et al. 2008; Hoshida, et al. 2008) (FIGURE 2). Prediction of previously published
HCC molecular classification was performed using NTP analysis (Gene Pattern). Genes over-
expressed in the Immune class versus rest and in the Exhausted Immune Response Type
versus the Active Immune Response Type were identified by comparative marker selection
(CMS, Gene Pattern) with FDR<0.05 and fold change (FC) equal to or greater than 3.
Exemplar genes were then characterized by David Functional Annotation. GSEA was applied
to identify pathways enriched in each subgroup.
Immunohistochemistry and evaluation of immune infiltration and presence of tertiary
lymphoid structure

Presence of immune infiltration and TLSs was analyzed by an expert pathologist (S.

T.). Hematoxylin eosin (H&E) stained slides were evaluated and scored according to the
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amount of immune infiltration as: O= absence of immune cell infiltration, 1= minimal, 2=
mild infiltration, 3=moderate and 4= severe infiltration. Samples with staining between 0 and
2 were considered with low immune infiltration whereas 3 and 4 scores were classified as
high immune infiltration. Presence of TLS was also quantified on H&E slides. TLSs were
assessed as continuous variable as well as categorized as negative (< than 5 foci, 10X) or
positive (greater or equal than 5 foci, 10X).

Immunohistochemistry for PD-1 and PD-L1 was performed in a subset of 100 patients
belonging to the training cohort (within and outside the Immune class).
Immunohistochemical staining was carried out on 3-pum-thick FFPE tissue sections after heat-
induced antigen retrieval in microwave with 10 mM TRIS-EDTA (pH=9). The primary
antibodies used were anti-PD1 (Abcam, clone NAT105), and anti-PD-L1 (Abcam, clone 28-
8). Immunostaining positivity of PD-1 and PD-L1 was assessed by two expert pathologists
(J.P. and S.T.) blinded to the expression profiling results. Positive staining for PD1 was
measured semi-quantitatively (PD-1/high versus PD-1/low) as previously described
(Calderaro, et al. 2016). Briefly, PD-1 was observed only in intra-tumoral foci of
inflammatory cell clusters distributed throughout the tumor. The number of clusters was
counted (20X) and samples were classified as PD-1/high if the number of clusters within the
tumor was equal to or higher than the median of clusters. On the other end, PD-L1 expression
was assessed only in neoplastic HCC cells as intratumoral inflammatory cells were largely
negative.

As previously described in HCC and other cancers, the percentage of neoplastic cells
displaying membranous staining was recorded and tumors with at least 1% of positive cells
were classified as positive (Calderaro, et al. 2016; Robert, et al. 2015; Garon, et al. 2015;
Borghaei, et al. 2015).

Analysis of methylation profile in the Immune class

Methylation data for all patients included in the training cohort was already available
and published elsewhere. Briefly, bisulfite-converted DNA (bs-DNA) was processed with the
Infinium FFPE restoration process and then hybridized on Infinium HumanMethylation450
BeadChip array following the manufacturer’s instructions (Illumina). Resulting raw intensity
data (IDATSs) were normalized by using the [llumina normalization method developed under
the minfi R package (v 1.12.0). After the normalization step, probes related to Y chromosome
were removed, as well as those probes whose 10 bases nearer the interrogated site contained a
SNP, as annotated on the product description file. Moreover, CpG sites with associated p-

value greater than 0.01 were discarded for the analysis. Finally, only CpG sites present in
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promoter regions were selected. For supervised heatmap representation of the three different
groups analyzed (Exhausted Immune Response, Active Immune Response, Rest), CpG sites
were selected by applying an ANOVA analysis to identify statistically significant CpG sites
(FDR adjusted p-value < 0.05) that were differentially methylated among the groups (Ap >
0.2). Selected CpG sites were later clustered based on the Manhattan distances aggregated by
Ward's linkage.
Generation of the Immune Classifier and performance validation in independent
datasets

The Immune gene signature classifier was generated using genes differentially
expressed between HCC samples belonging or not to the Immune class (FDR < 0.05, FC >3)
in the training set (Heptromic cohort, n=228). The ability of the signature to capture the
Immune class was validated in our Validation set (GSE20140) and 6 publicly available
datasets using NTP analysis (Gene Pattern). Two patients receiving nivolumab off-label were
included in the study to assess the capacity of the immune classifier to predict response to
immunotherapy. Upon patients’ consent, RNA extraction and RNA profiling were performed
on tumoral sections derived from available archived tissues collected any time before
treatment (GSE93647) using the Affymetrix Human Genome U219 Array Plate (Affymetrix,
Inc., Santa Clara, CA). Class mapping (SubMap) analysis (Gene Pattern), a bioinformatics
method to quantitatively evaluate similarity of molecular classes between independent patient
cohorts on the basis of their expression profiles (Chen, et al. 2016) was used to measure
similarity between the gene expression profile of our Immune subtypes and melanoma
patients treated with immunotherapies (Chen, et al. 2016; Roh, et al. 2017). In study and
follow-up paper, biopsies were obtained prior to initiation of CTLA-4 blockade and on-
treatment, prior to PD-1 treatment and on-treatment for those who did not respond to CTLA-
4 blockade and after PD-1 therapy for those who did not respond to PD-1 therapy.
Responders were defined by radiographic evidence of absent/stable disease or decreased
tumor volume for >6 months whereas non-responders were defined by tumor growth on serial
CT scans after treatment initiation. Out of 56 patients included in this study, 32 had gene
expression available (Custom Nanostring immune panel) and were compared to HCC patients
included in our datasets.
Correlation of the Immune class with copy number aberrations, mutations and
neoantigens in the TCGA dataset

Copy number data generated by GISTIC2 (Mermel, et al. 2011) for TCGA-LIHC

samples was accessed from the Broad Institute GDAC FireBrowser. Broad values defined by
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each chromosome arm, which were analyzed independently. First, each of the 190 tumor
samples were looked to as to whether each arm or focal region was deleted or amplified.
Then, the distribution of the values was compared between the Immune class and the rest,
and between the rest and the “Active Immune Response” and “Exhausted Immune Response™
subtypes, using the Mann-Whitney test and the Kruskal-Wallis test, as appropriate. The
differences in focal high-level amplifications (HLLAs) or homozygous deletions (HDs)
occurring in driver genes were then assessed as previously reported in HCC (Schulze, et al.
2015). In order to increase the confidence of this analysis, the HLA and HD thresholds were
redefined as previously described (Weir, er al. 2007). Briefly, HLAs were called if copy
number segments falling within gene boundaries (+/-20 kb) had a log2 ratio of >0.85,
whereas HD were called if copy number segments had a log2 ratio of <-0.74, which
correspond to 3.6 and 1.2 copies, respectively. The significant HLAs and HD found by
GISTIC2 and involving the driver genes reported are listed in FIGURE 13. Significant
differences were assessed by two-tailed Fisher’s exact test. Values of p<0.05 were considered
significant. Statistical analyses were performed using the R statistical software.

For the analysis of mutations and neo-antigens, the list of events per sample provided
in the Table S4A of Rooney et al. Cell 2015 was used. This data had been obtained from the
GDAC Firehose standard analysis pipeline. Briefly, POLYSOLVER-based mutation
detection pipeline for characterizing HLA alleles and identifying HLA mutations was first
applied. Then, Individual-specific HLA-binding peptides were identified by a neo-antigen
prediction pipeline previously reported. Binding affinities of all possible 9 and 10-mer mutant
peptides to the corresponding POLYSOLVER-inferred HLA alleles were predicted using
NetMHCpan (v2.4) (Nielsen, et al. 2007).

Statistical analysis

All analyses were performed using SPSS software version 22. Correlations between
molecular classes, histological markers and clinico-pathological variables were analyzed by
Fisher’s exact test and Wilcoxon rank-sum test for categorical and continuous data,
respectively. All signatures used in the study were previously reported (FIGURE 2).

Kaplan-Meier estimates, log-rank test, and Cox regression modeling were performed
to analyze the association of molecular and clinical variables with overall survival and tumor
recurrence. Multivariate analysis in the TCGA set was not performed due to absence of key

variables known to be associated with outcome (i.e., tumor size and number, satellites, etc.).
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Example 2 — Identification of An Immune class of HCC

In order to isolate immune-related genomic signals from bulk gene expression data in
HCC tumors, NMF analysis of 228 resected HCC samples was performed (training cohort,
FIGURE 1). Clinical characteristics of the training cohort are summarized in Table 1.
Among the distinct expression patterns identified by NMF, one was attributed to the presence
of inflammatory response and immune cells through integration with a previously reported
immune enrichment score. Analysis of the top-ranked genes (named exemplar genes) that
defined this expression pattern further confirmed immune-related functions and signaling.
Consensus clustering on exemplar genes identified a new molecular subgroup accounting for
24% of the cohort (55/228), referred herein as the “Immune class” (FIGURE 3).

Patients belonging to the Immune class showed significant enrichment of signatures
identifying immune cells (i.e. T cells, cytotox, tertiary lymphoid structures (TLS), and
macrophages (p<0.001), immune metagenes, [FN gene signatures predictive of response to
pembrolizumab in melanoma (28-genes, p<0.001)) and head and neck squamous cell
carcinoma (6-genes, p<0.001), and PD-1 signaling (36/55 vs19/173, p<0.001) (FIGURE 3A).

Class comparison between the Immune class and remaining samples identified 112
genes significantly deregulated (Immune Classifier, FIGURE 10), including 108
overexpressed immune-related genes such as T cell Receptor components and chemo-
attractants for Natural Killer (NK) and T cells (CCL5, CXCL9 and CXCLI0, p<0.001,)
(FIGURE 11). Similarly, GSEA identified enrichment of IFN alpha and gamma signaling,
inflammatory response (i.e. lymphocyte activation, T helper 1- cytotoxic module, NK-
mediated toxicity, etc.), TGF-B and JAK/STAT signaling (FDR<0.001) (results not shown).

It was next sought to integrate the Immune class with previously reported HCC
molecular classifications. This revealed an enrichment of the IFN-related (18/55 vs 12/173,
p=0.0001) and S1 classes (TGF-B/WNT activation) (32/55 vs 15/173, p=0.0001), as well as a
significant exclusion of S2 (2/55 vs 46/173, p=0.0001) and CTNNB1 classes (8/55 vs 59/173,
p<0.001, FIGURE 3A).

All together, these data showed the identification of an immune-related class of HCC
enriched with signatures capturing the presence of immune cells, signatures of response to

immune checkpoint therapy, and IFN signaling.
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Example 3 - Immune class immuno-phenotype shows enrichment of PD-1/PD-L1

signaling

Immunophenotyping was performed to gain further biological insight into the
immunological nature of the Immune class. As predicted, patients belonging to this class had
significantly higher rates of immune cell infiltration (11/49 vs 14/167, p=0.01, FIGURES 3A
and 3B) and density of TLS (= 5 foci, 19/51 vs 34/170, p=0.01, FIGURES 3A and 3C) as
revealed by the examination of hematoxylin and eosin-stained sections.

PD-1 and PD-L1 protein expression by immunohistochemistry was then assessed in a
subset of samples of the training cohort (within the Immune class and outside, FIGURE 3B).
Overall, PD-L1 tumoral expression was observed in 16% (16/99) of HCC in accordance with
recent reports. PD-1 protein expression was observed in 10% of the cohort (10/99), but no
significant correlation was found between high PD-1 and PD-L1 expression, likely due to the
small sample size. Nonetheless, tumors with high PD-1 (8/48 within the Immune class vs
2/51 in the rest, p=0. 4) and PD-L1 (12/48 within in the Immune class vs 4/51 in the rest,
p=0.03) protein expression were significantly enriched in the Immune class. No difference
was observed between the Immune class and the rest of the cohort in terms of other clinico-
pathological variables (data not shown, p>0.05).

In summary, pathological examination revealed that patients belonging to the Immune
class showed a high degree of immune infiltration, higher immunohistochemical expression
of PD-1/PD-L1, and presence of TLS. These data underscore the performance of the Immune

Classifier to capture molecular signals deriving from infiltrating immune cells in HCC.

Example 4 - The Immune class captures two distinct components of the tumor
microenvironment: Active and Exhausted subtypes

The immune system can exert both anti- and pro-tumor activities. Indeed, cross-talk
between cancer cells and the tumor microenvironment triggers immune responses which
favor cancer progression by supplying growth factors that sustain proliferation and facilitate
epithelial mesenchymal transition (EMT), invasion, and metastasis. To further explore this
concept in HCC, immune modulation occurring in response to the tumor microenvironment
in patients within the Immune class was analyzed. As depicted in FIGURE 4A, 33% of the
Immune class (18/55) was characterized by “activated stroma” whereas the remaining
patients (37/55, 67%) showed lack of such activation, as predicted by nearest template
prediction (NTP) analysis using a previously published molecular signature that captures

activated inflammatory stromal response. Interestingly, patients with normal or non-active
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stroma (37/55, 67%) showed significant enrichment of T cells and IFN signatures, including
overexpression of adaptive immune response genes (i.e., T Cell Receptor G, CD8A, IFN-Y,
GZMB, etc.) and IFN signatures predictive of response to pembrolizumab (p<0.001). Thus,
this cluster was named Active Immune Response.

Conversely, the presence of activated stroma was significantly associated witha T
cell exhaustion signature (10/18 vs 4/37, p<0.001), and with immunosuppressive
components, such as TGF-3 signaling and M2 macrophages (8/18 vs 1/37, p=0.0003). In
particular, overexpression of TGF-3 -1 and -3 along with enrichment of several signatures
reflecting activation of TGF-f3 pathway, such as late TGF-8 signature (9/18 vs 6/37, p=0.02),
S1/TGF-B signature (16/18 vs 16/37, p=0.001), WNT/TGF-8 signaling (15/18 vs 12/37,
p<0.001), and TGF-beta response signatures (TBRS) of fibroblasts (F-TBRS) (9/18 vs 6/37,
p=0.02) and T cells (T23TBRS) (10/18 vs 9/37, p=0.03), were observed in this subgroup
(FIGURE 4A). T cell exhaustion and impaired cytotoxic activity in this cluster was
supported by the up-regulation of immunosuppressive factors (i.e. LGALSI, CXCLI2) and
myeloid chemo-attractants (CCL2). Other essential NK cell activators such as Granzyme B
(GZMB) IFN-Y, NKG2D and TBX21 receptors (Hanahan and Weinberg 2011; Slavulijica, et
al. 2011), were strongly down-regulated (FIGURE 4A). Based on these features, this cluster
was named Exhausted Immune Response. Gene set enrichment analysis comparing both
clusters confirmed the driver role of TGF-8 in the Exhausted Immune Response, and
enrichment of pathways related to metastasis, EMT, angiogenesis and liver cancer recurrence,
suggesting a more aggressive phenotype (FIGURE 12). Interestingly, no significant
difference between the Active and Exhausted Immune subtype in terms of immune
infiltration, TLS count, PD-L.1 and PD-1 expression were observed (FIGURES 3C, 4B and
4C). It was further explored the potential prognostic implications of the type of immune
response by correlating these clusters with clinico-pathological parameters.

Interestingly, patients within the Active Immune Response cluster showed lower rates
of tumor recurrence after resection compared to the Exhausted Immune Response cluster
(median time to recurrence 32 versus 21 months, p=0.0, FIGURES 5D and 5E). A trend
towards better survival was also observed (median survival time of 88 months in the Active
Immune vs 63 months in remaining patients, p=0.07) (FIGURE 5A). No differences in other
clinic-pathological variables, including HBV and HCV infection, were found between the
distinct Immune subtypes (results not shown). Notably, the Active Immune subtype was
retained as independent prognostic factor of overall survival (HR=0.58, CI 0.34-0.98,

p=0.04,) along with vascular invasion, multi nodularity, platelets count, and HCV infection.
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Altogether, these data divided the Immune class in two distinct microenvironment-
based components: a) Active Immune Response Subtype (~65%) characterized by
overexpression of adaptive immune response genes (FIGURE 4), and b) Exhausted Immune
Response Subtype (~35%) characterized by the presence of immunosuppressive signals (i.e.

TGF-B, M2 macrophages).

Example 5 - The Immune class is validated across datasets

The presence of the Immune class was further evaluated in 7 additional datasets (n=
728HCCs, FIGURE 1) using the 112 gene-expression based Immune Classifier (FIGURE
10). Firstly, the Immune Classifier was applied to the TCGA dataset, the largest data set
publicly available [n=190 fresh frozen (FF) samples] profiled by RNA-sequencing]. Similar
to the training cohort, 42/190 (22%) HCC samples were successfully predicted within the
Immune class. Molecular characterization of the Immune class confirmed a significant
enrichment of signatures identifying immune cells (i.e. T cells, cytotox, TLS and
macrophages, p<0.001), signatures predictive of response to immune checkpoint therapy
(p<0.001) and PD-1 signaling (24/42 vs 31/148, p<0.001) (FIGURE 5C). Compared to
known HCC molecular classes, the enrichment of the IFN-related (13/42 vs 11/148 in the
rest, p<0.001) and Slclasses (28/42 vs 20/148 in the rest of cohort, p<(.001) was confirmed,
and the significant exclusion of the CTNNBI1 class (2/42 vs 30/148 in the rest of the cohort,
p<0.001) as previously observed in the training cohort. In addition, half of the TCGA-
Immune class showed lack of the activated stroma signature along with over-expression of
adaptive immune response genes, recapitulating the Active Immune Response Subtype
(FIGURE 5C).

On the other end, the remaining half of patients showed activated stroma which was
associated with TGF-8 signaling (11/21 vs 1/21 in the rest of the Immune class, p=0.01) and
down-regulation of NKG2D and TBX21 Receptors (p<0.01), main characteristics of the
Exhausted Immune Response subtype. Correlation with clinical outcomes confirmed that
patients within the Active Immune Response subtype had a better survival (median survival
time of 107 months in the Active Immune cluster vs 33 months in the remaining patients,
p=0.03) (FIGURE 5B).

Next the Validation cohort previously collected by our group [n=131 formalin fixed
paraffin embedded (FFPE) HCCs] and 5 additional datasets including 4 testing FF tissues
(n=289) and 1 of FFPE samples (n=118) were interrogated (FIGURE 1). The percentage of

patients allocated to the Immune class was consistent across all FF datasets with an average
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of 27% of the samples predicted to this class (range 22-28). In the two FFPE datasets
(Validation and HCC-V), 37% (48/131) and 30% (35/118) of patients were allocated to the
Immune class, respectively (results not shown). The higher percentage could be due to the
different genomic platform used [DASL (Illumina) versus Affymetrix] or a different type of
tissue material (FFPE versus FF samples). Nonetheless, molecular characteristics of the
Immune class and the presence of the two microenvironment-based subtypes were
successfully recapitulated in all datasets tested regardless of the platform and type of samples
used.

Finally, the capacity of the Immune class to predict response to immunotherapy was
tested. The tumoral gene expression derived from two HCC patients treated with nivolumab
was analyzed for the presence of the immune classifier rendering a positive result for patient
#1 (FDR=0.001) who showed a partial response but not for patient #2 (FDR=0.23) who
presented with stable disease. FIGURE 8.

Considering that checkpoint inhibitors are not yet approved for HCC management by
regulatory agencies the gene expression profile of the Immune class was compared with the
expression profiles of melanoma patients responding to immunotherapy using a recently
published dataset of 32 patients. SubClass mapping analysis revealed that the Immune class,
and in particular the Active Immune subtype, shows similarity to the group of melanoma

patients who respond to PD-1 checkpoint inhibitors. FIGURE 9.

Example 6 - Immune class tumors show lower burden of chromosomal aberrations but

no differences in the expression of neo-antigens or tumoral mutational burden

Recent analyses have linked the tumoral genomic landscape with anti-tumor
immunity (Le, et al. 2015; Rooney, et al. 2015; McGranahan, et al. 2016). In particular, it
has been proposed that presence of neo-antigens and overall mutational load might drive T
cell responses whereas tumor aneuploidy correlates with markers of immune evasion and
reduced response to immunotherapy (Roh, et al. 2017; Davoli, et al. 2017). In order to verify
if the burden of somatic copy number aberrations (SCNAs) and mutated neo-antigens may
influence local immune infiltrates in HCC, the TCGA dataset was used. In a recent analysis,
the local immune cytolytic activity of several tumors showed strong correlation with
cytotoxic T cells and interferon stimulated chemokines that attract T cells (Rooney, et al.
2015). Interestingly, in HCC patients a strong correlation was observed between the cytolytic
activity score and the Immune class (p<0.0001, FIGURE 5C). In terms of SCNAs, patients

within the Immune class showed lower burden of gains and losses, both broad and focal
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(FIGURES 6A and 6B) with a median of broad gains (range 0-16) and 3.5 broad losses
(range 0-20) in the Immune class versus broad gains (range 0-22) and 9 broad losses (range
0-26) in the rest of the cohort (p=0.046 and p=0.01, respectively). Similarly, a median of 5
focal gains (range 0-18) and 9 focal losses (range 0-25) was identified in the Immune class
versus 8.5 focal gains (range 0-20) and 13 focal losses (range 0-27) in the rest of the cohort
(p=0.03 for both comparisons). When analyzing the regions associated with recurrent
SCNAs in patients outside the Immune class (Jow immune infiltrates based on immune
signatures), recurrent copy number gain in chromosome 1q and recurrent losses in
chromosomes 3p, 17p, and 18p were observed at arm level. In terms of focal high-level
amplifications and homozygous deletions, the analysis was restricted to focal structural
aberrations involving driver genes previously reported in HCC (Schulze, et al. 2015). A
significant difference was found for the high-level amplification of the locus 11q13 (CCND],
FGF19, etc.), which was significantly enriched in the Immune class, and particularly in the
Active Immune subtype. No significant differences were found regarding loci involving
MYC, TERT and PTEN.

Then the Immune class was correlated with the overall rate of mutations and rate of
predicted neo-antigens, as per previous analysis of the TCGA dataset (Rooney, et al. 2015).
There was no association between the Immune class and both features (FIGURES 6C and
6E). In particular, the median number of mutations for Immune class compared among the
remaining patients was 175 vs 212, respectively (p=0.1, FIGURE 6E). Similarly, the rate of
neo-antigens was not statistically different between the two groups (21 vs 23, respectively,
p=0.28, FIGURE 6C). Nonetheless, when both parameters were analyzed according to the
microenvironment-based subtype, the Active Immune subtype showed a trend towards lower
neo-epitopes rate (median of 18 versus 33 in Exhausted versus 23 in rest of cohort, p=0.20,
FIGURE 6D) and mutations (median of 140 versus 269 in Exhausted subtype versus 212 in
rest of cohort, p=0.06, FIGURE 6F)).

Finally, the Immune class was correlated with mutations in known driver genes. With
the exception of mutations in the CTNNB1 pathway (12/42 vs 81/148, p=0.003), no other
mutations showed differential distribution (FIGURE 6G).

All these data showed no correlation between neo-antigen load and T cell response,
which indicates that additional mechanisms, such as aneuploidy and mutations in specific

oncogenic pathways, may impair immune cell recruitment in highly immunogenic tumors.
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Example 7 - The Immune class has a unique DNA methylation signature

Considering the profound up-regulation of immune-related genes in the Immune
class, it was considered whether such deregulation could mirror epigenetic alterations in these
tumors. Supervised analysis of whole genome methylation data revealed that 363 CpG sites
in 192 immune response gene promoters were differentially methylated in the Immune class
compared to the rest of the cohort (FDR<0.05, FIGURE 6H). Furthermore, among the 192
genes showing differentially methylated CpG sites, 115 showed a significant correlation with
gene expression.

In particular, the immunosuppressive molecule LGALS3, which may play a role in
immune escape during tumor progression through the induction of apoptosis of cancer-
infiltrating T cells (Fukimori et al. 2003) and the regulator of the TGF-8 signaling, PMEPAI,
were significantly over-expressed in the 2 Immune subtypes (p<0.001, FIGURE 61).

Overall, these data indicated that the Immune class was characterized by a unique
methylation profile. In particular, differential methylation was observed in 192 immune

related genes and, in most instances, was associated with altered gene expression.

Example 8 - Specific oncogenic signaling pathways could cooperate to reduce T cell

infiltration in the CTNNBI1 class of HCC

The integration of the Immune class with previously reported molecular
classifications revealed a significant exclusion of the CTNNB1 class in all datasets tested
(FIGURES 3A and 5C). The CTNNBI class of HCC was characterized by over-expression of
liver-related Wnt-target-genes, enrichment in nuclear f3-catenin staining and CTNNB1-
mutations (Chiang, er al. 2008). Exclusion of the CTNNB1 class supports recent reports in
melanoma where activation of the pathway is associated with T cell exclusion, through the
repression of CCL4 and subsequent failure of T cell priming (Spranger, et al. 2015). In the
cohorts, HCC samples within the CTNNBI1 class showed significantly lower enrichment
score for several immune signatures, in particular T cells, compared to patients within the
Immune class or the remaining patients (p<0.001, FIGURE 6J and 6K). In addition, in
accordance with data in melanoma, patients within the CTNNB1 class showed down-
regulation of CCLA4 (p<0.001). Further oncogenic pathways have been associated with T cell
exclusion, including PTEN (Peng, et al. 2016) and PTK2 (Jiang et al. 2016). Interestingly,
PTK?2 was significantly over-expressed in the CTNNB1 class, suggesting a possible

cooperation between PTK2 and CTNNB1 pathways to induce immune cells exclusion in this
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subgroup. In addition, DNA copy number and expression of PTK2 were highly correlated
(p<0.0001) (FIGURES 6L and 6M).

These data suggest that HCC samples within the CTNNB1 class showed lower
expression of immune signatures compared to patients of the Immune class and the remaining
tumors. Activation of specific oncogenic signaling, such as CTNNB1 and PTK2 signaling —
through activating mutations or additional mechanisms- may play a seminal role in

influencing the immunological profile of this subgroup.

Example 9 - Compartmentalization of immune signals: immune infiltration in the

surrounding tissue does not reflect its tumor counterpart

Finally, in order to assess whether the type of intra-tumoral immune cell infiltrates
mirrors its peritumoral counterpart, the intra-tumoral immune infiltration correlated with the
surrounding liver tissue. To do so, a sub-analysis in 167 patients of the training cohort was
performed for whom gene expression data were available for both tumor and matched
surrounding nontumoral tissue. Among the 167 cases, 25% (42/167) were positively
classified within the Immune class based on the expression profile of the tumor (FIGURE
7A). Interestingly, only a minority of these patients (13/42, 31%) showed a combined
positive prediction in both tumor and matched surrounding liver, suggesting that the intra-
tumoral immune infiltration does not reflect the profile of the surrounding tissue. Given these
observations, it was further explored the type of immune infiltration occurring in the non-
tumoral liver. Interestingly, patients positively predicted by the Immune Classifier based on
the profile of the surrounding tissue showed a strong enrichment of signatures capturing the
presence of immune cells (CD8, macrophages, p<0.001), activated stroma [31/57 (54%) vs
7/110, (6%), p=0.0001], TGF-B signaling [38/57,(67%) vs 2/110, (2%), p= p=0.0001] and
additional immunosuppressive components (LGALS1,CXCLI12, p<0.001). In addition,
exhausted T cells [19/57, (33%) vs 7/110 (6%), p=0.0001], and a prognostic 186-gene
signature derived from the surrounding liver [43/57 (75%) vs 7/110(6%), p= 0.0001] were
also enriched in this subgroup. In addition, it was observed that METAVIRF3-F4 stages
[42/45 (93%) vs 66/87 (76%) in rest of cohort, p=0.02] and HCV infection [36/54(67%) vs
39/108 (36%) in rest, p<0.001] were significantly associated to a positive Immune Classifier
in the surrounding liver. On the other end, HBV infection [7/54 (13%) vs 34/108 (31%),
p=0.01] and alcohol abuse [2/54 (4%) vs 20/108 (19%), p=0.008] were more frequent in

patients negative for the immune classifier (FIGURE 7A). Finally, patients which are positive
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for the Immune Classifier showed significant worse prognosis with a median survival time of
37 vs 76 months in the rest of the cohort (p<0.001, FIGURE 7B).

In essence, these data suggested that the immune profile of the surrounding liver
tumor does not reflect the intra-tumoral profile and is mostly characterized by

immunosuppressive components associated with survival of HCC patients.

Example 10 — Identification of a 56- gene classifier of the Immune class

The original 112-genes Immune classifier (Figure 10) has been successfully reduced
to 56 genes selecting those genes with highest score (Table 3). The prediction capacity of the
56-genes Immune classifier has been tested and compared to the 112-genes original immune
classifier in 3 datasets: TGCA (n=190 samples, Figure 14A), Validation cohort (n=132,
Figure 14B) and HCC-I dataset (n=90, Figure 14C).

As indicated below, the 56-genes Immune classifier had a sensitivity of 97% (range
95-100% when analyzed in the 3 cohorts separately), specificity of 98% (range 96-99% when
analyzed in the 3 cohorts separately) and an accuracy of 97% (range 96-98% when analyzed
in the 3 cohorts separately), (Table 2).

In addition the Receiver Operating Characteristic (ROC) curve was calculated for the
56-genes Immune classifier in all patients from the 3 cohorts (n= 411, Figure 15). ROC
curves are a useful way to interpret sensitivity and specificity levels. ROC curves are a
generalization of the set of potential combinations of sensitivity and specificity possible for
predictors and provide a natural common scale for comparing different predictors, in this case
the original 112-genes Immune classifier and the reduced 56-genes Immune classifier. AUC
values closer to 1 indicate that screening measure reliably distinguishes among patients with
satisfactory performance. In the case of the 56-genes Immune classifier, when tested in all

patients the area under the curve was 0.971 (Figure 15).
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Table 2: Sensitivity, specificity, positive predictive value, negative predictive value and accuracy of

the 56-genes Immune classifier

91.41% to 99.05%

95.20% to 99.05%

95.28% to 98.66

83.84% t0 99.42%

94.70% to 99.42%

92.60% to 100.00%

93.45% to 99.53%

73.00% to 98.97%

89.48% to 99.63%
73.65% t0 97.74%

89.01% to 98.78%
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Table 3: 56-genes Immune classifier

Gene ID Class

LCP2 Immune class
PTPRC Immune class
CCL5 Immune class
LAPTM5 Immune class
GZMA Immune class
SLA Immune class
FYB Immune class
CD53 Immune class
CD3D Immune class
GZMK Immune class
CD48 Immune class
CcD2 Immune class
CD52 Immune class
S100A4 Immune class
ITGB2 Immune class
RAC2 Immune class
CORO1A Immune class
IL7R Immune class
CYTIP Immune class
SRGN Immune class
SAMSN1 Immune class
FAM26F Immune class
GPR171 Immune class
CcD27 Immune class
MTHFD2 Immune class
CXCR4 Immune class
TIMP1 Immune class
C16orf54 Immune class
CDB8A Immune class
LUM Immune class
DUSP2 Immune class
POU2AF1 Immune class
EFEMP1 Immune class
CXCL9 Immune class
PMP22 Immune class
IGHM Immune class
LXN Immune class
DCN Immune class
RGS1 Immune class
THBS2 Immune class
PTGIS Immune class
SMOC2 Immune class
MMP9 Immune class
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GZMH Immune class
AEBP1 Immune class
COL6A3 Immune class
GEM Immune class
CTGF Immune class
CCL19 Immune class
MGP Immune class
PAGE4 Rest
UGT2B17 Rest
C1QTNF3 Rest
DHRS2 Rest
FAM133A Rest
ASCLA1 Rest
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CLAIMS
1.

A method for detecting a phenotype that is responsive to immunotherapy in a

subject diagnosed with hepatocellular carcinoma comprising:

a. assaying gene expression levels of one or more genes in Table 3 in a sample
from the subject with hepatocellular carcinoma to obtain a test expression
profile;

b. comparing the test expression profile of the genes with a reference expression
profile, wherein the reference expression profile comprises a reference
expression level of the same genes in a sample from a control; and

c. detecting the gene expression levels of one or more genes in the test
expression profile are the same as compared to expression level of the same
genes in the reference expression profile that is indicative of immunotherapy
responsive phenotype and further detecting that the subject would be
responsive to immunotherapy.

The method of claim 1, wherein the subject has recently been diagnosed with

hepatocellular carcinoma (HCC).

The method of claim 1, wherein the sample is from a hepatocellular carcinoma

tumor.

The method of claim 1, wherein the control is a subject with hepatocellular

carcinoma who has responded favorably to immunotherapy.

The method of claim 1, wherein the control is a subject with another form of

cancer who has responded favorably to immunotherapy.

The method of claim 5, wherein the cancer is lung cancer or melanoma.

A method of treating a subject with hepatocellular carcinoma, comprising

a. assaying gene expression levels of one or more genes in Table 3 in a sample
from the subject with hepatocellular carcinoma to obtain a test expression
profile;

b. comparing the test expression profile of the genes with a reference expression
profile, wherein the reference expression profile comprises a reference
expression level of the same genes in a sample from a control;

c. detecting the gene expression levels of one or more genes in the test
expression profile are the same as compared to expression level of the same
genes in the reference expression profile that is indicative of immunotherapy

responsive phenotype; and
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10.

11.

12.
13.

14.

d. treating the subject with immunotherapy.

The method of claim 7, wherein the subject has recently been diagnosed with

hepatocellular carcinoma (HCC).

The method of claim 7, wherein the sample is from a hepatocellular carcinoma

tumor.

The method of claim 7, wherein the control is a subject with hepatocellular

carcinoma who has responded favorably to immunotherapy.

The method of claim 7, wherein the control is a subject with another form of

cancer who has responded favorably to immunotherapy.

The method of claim 11, wherein the cancer is lung cancer or melanoma.

The method of claim 7, wherein the immunotherapy is selected from the group

consisting of monoclonal antibodies directed against the cytotoxic T-lymphocyte

protein (CTLA-4) (e.g., ipilimumab), the programmed cell death protein 1 (PD-1)

(e.g., nivolumab and pembrolizumab) and its ligand PD-L1 (e.g., atezolizumab),

and combinations thereof.

A method of treating a subject with hepatocellular carcinoma, comprising

a. assaying gene expression levels of one or more genes in Table 3 in a sample
from the subject with hepatocellular carcinoma to obtain a first test expression
profile;

b. comparing the first test expression profile of the one or more genes in Tbale 3
with a first reference expression profile, wherein the first reference expression
profile comprises a reference expression level of the same genes in a sample
from a control;

c. detecting the gene expression levels of one or more genes in the first test
expression profile are the same as compared to expression level of the same
genes in the first reference expression profile that is indicative of
immunotherapy responsive phenotype and further detecting that the subject
would be responsive to immunotherapy;

d. assaying the gene expression levels of one or more genes in Figure 12 in a
sample from the subject with hepatocellular carcinoma to obtain a second test
expression profile;

e. comparing the second expression profile of the one or more gene pathways in

Figure 12 with a second reference expression profile, wherein the second
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15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

expression profile comprises a reference expression level of the same genes in
a sample from a control;

f. detecting the gene expression levels of one or more genes in the first test
expression profile are the same as compared to expression level of the same
genes in the second reference expression profile that is indicative of the
Exhausted Immune Response class; and

g. treating the subject with a combination of immunotherapy and a second agent.

The method of claim 14, wherein the subject has recently been diagnosed with
hepatocellular carcinoma (HCC).
The method of claim 14, wherein the sample is from a hepatocellular carcinoma
tumor.
The method of claim 14, wherein the control is a subject with hepatocellular
carcinoma who has responded favorably to immunotherapy.
The method of claim 14, wherein the control is a subject with another form of
cancer who has responded favorably to immunotherapy.
The method of claim 18, wherein the cancer is lung cancer or melanoma.
The method of claim 14, wherein the immunotherapy is selected from the group
consisting of monoclonal antibodies directed against the cytotoxic T-lymphocyte
protein (CTLA-4), the programmed cell death protein 1 (PD-1), and its ligand PD-
L1, and combinations thereof.
The method of claim 14, wherein the gene which is increased in step (f) is selected
from the group consisting of TGF-} and a gene from the CTNNBI1 signaling
pathway.
The method of claim 14, wherein the second agent is selected from the group
consisting of a TGF-f inhibitor and a CTNNBI signaling pathway inhibitor.
The method of claim 14, wherein the gene from the CTNNBI1 signaling pathway
is chosen from the group consisting of CCL4, PTK2 and combinations thereof.
The method of claim 14, wherein the second agent is a chemotherapy agent or
radiation.
A method of treating a subject with hepatocellular carcinoma (HCC), comprising
a. assaying gene expression levels of one or more genes in Table 3 in a sample

from the subject with hepatocellular carcinoma to obtain a first test expression

profile;
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26.

27.

28.

29.

30.

g.

comparing the first test expression profile of the one or more genes in Table 3
with a first reference expression profile, wherein the first reference expression
profile comprises a reference expression level of the same genes in a sample
from a control;

detecting the gene expression levels of one or more genes in the test
expression profile are the same as compared to expression level of the same
genes in the reference expression profile that is indicative of immunotherapy
responsive phenotype and further detecting that the subject would be
responsive to immunotherapy;

assaying the gene expression levels of one or more genes chosen from the
group consisting of PMEPAI, LGALS1, LGALS3, TGF-f, genes from the
CTNNBI1 signaling pathway and combinations thereof in a sample from the
subject with hepatocellular carcinoma to obtain a second test expression
profile;

comparing the second test expression profile of the one or more genes chosen
from the group consisting of PMEPAI, LGALS1, LGALS3, TGF-f, genes from
the CTNNBI signaling pathway and combinations thereof with a second
reference expression profile, wherein the second expression profile comprises
a reference expression level of the same genes in a sample from a control;
detecting the gene expression levels of one or more genes in the second test
expression profile are the same as compared to expression level of the same
genes in the second reference expression profile that is indicative of Exhausted
Immune Response phenotype; and

treating the subject with a combination of immunotherapy and a second agent.

The method of claim 25, wherein the subject has recently been diagnosed with

hepatocellular carcinoma (HCC).

The method of claim 25, wherein the sample is from a hepatocellular carcinoma

tumor.

The method of claim 25, wherein the control is a subject with hepatocellular

carcinoma who has responded favorably to immunotherapy.

The method of claim 25, wherein the control is a subject with another form of

cancer who has responded favorably to immunotherapy.

The method of claim 29, wherein the cancer is lung cancer or melanoma.
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31

32.

33.

34.

35.

36.

37.

38.

. The method of claim 25, wherein the immunotherapy is selected from the group
consisting of monoclonal antibodies directed against the cytotoxic T-lymphocyte
protein (CTLA-4), the programmed cell death protein 1 (PD-1), and its ligand PD-
L1, and combinations thereof.

The method of claim 25, wherein the gene which is increased in step (f) is selected
from the group consisting of TGF-} and a gene from the CTNNBI1 signaling
pathway.

The method of claim 25, wherein the second agent is selected from the group
consisting of a TGF-f inhibitor and a CTNNBI signaling pathway inhibitor.

The method of claim 25, wherein the gene from the CTNNBI1 signaling pathway
is chosen from the group consisting of CCL4, PTK2 and combinations thereof.
The method of claim 25, wherein the second agent is a chemotherapy agent or
radiation.

A kit for the detection of a phenotype that is responsive to immunotherapy in a
subject diagnosed with hepatocellular carcinoma, comprising probes for one or
more of the genes listed in Table 3, reagents for isolating and purifying nucleic
acids from biological tissue or bodily fluid, reagents for performing assays on the
isolated and purified nucleic acid, instructions for use, and reference values or the
means for obtaining reference values in a control sample for the included genes.
The kit of claim 36, further comprising probes for one or more of the genes listed
in Figure 12.

The kit of claim 37, wherein the probes are attached to a solid state in a

microarray format.

56



WO 2018/232142

1/42

FIGURE 1

PCT/US2018/037579

Human samples

(n = total 956 HCC samples)

I

Training Set
Heptromic Cohort
(n =228 FF samplcs)

Affymetrix Human Genome U219 Array

Generation of the classifier

EXXRPEERERCCINERRECRABE 6 CXAXJESCLRRPOLCX KPR RARLFCREERE EARRT S CLX KRGS XX XNE$

transcriptome profiling data

{Virtual microdissection of

using NMF and random forest.

Identification and characterization

of the immune class

Characterization using >1000 gene
signatures, methylation data and
immunohistochemistry (PD-1, PD-L1);
correlation with clinicopatholigical
~parameters; generation of classifier.

KRR XA CRAXB LN AR S COXADD SAX KA P CAARS SR KR PSRN AKS CER K RE F AR XXD € CX NK EAXKS

Validation of the classifier

!

Validation set TCGA set 5 independent public
(n= 131 FFPE tumors) (n = 190 FF tumors) sets
WG DASL ILLUMINA RNA-seq (n = 407 samples)

SUBSTITUTE SHEET (RULE 26)

Analysis of mutational
and neo-antigen load
Exome-seq

289 FF tumors
Affymetrix

]

Analysis of chromosomal
aberrations
SNP array

118 FFPE tumors
DASL lllumina



WO 2018/232142

PCT/US2018/037579

2/42

FIGURE 2

Signature Mame

e anrichinent saoge

Stuﬂ'y
oshihara B, et sl Ma‘ Coarrariiny 20

SR

Ya:mh;&'mm il

Bindeos &, 2t @

o ao&cm Bindoea G oot @l v
hMacrophages Bindoa G, of 2. Inmmunih
TiLS Finkin &, = al. et inmroaanc
TiLE Flessirg JE ot el S

S Bep 20123
Adstar A el gl Senoms i

Adisdary & ei gl Tlepncane N
F:E‘i"ws’“ A foJd Siin

airs tr Biﬁ}i 3

t‘uw LC}M ot gi Jd

M subeigs

~n¢DYs4qsb&mnge

21 subclnss of HOD

Hyasthida Y, &t al. Dancer Res &

i "TNNB '} sufxoiass of HO

Cbé-a:’m D\“ &t 3 iSancer Res 200

2 of HCO

@uig sy Mot al Net M
Lacheiwnayer &, et @f

Comtas B, et

fouasn O, 21

o A ot 8l Careser O

Laéma £, el gl Cancer Cell 201323

mimuns cell subsels cer Genoms Atlas M. Ol S015181 1881588
e signaehing mydecules -8 By Eed-a

B cells

et IFSoneE 4 s N Del 2005

Bindea G, et al. fmmu ZOTEEGTeE-uE
Birsdan 5, ot al. danday ;

Bindea {5, et al. nrw

Bindoa & et al i

ne saomatise

Hoahicla Y, et al. -24504

o sttty

Hoonney ME, ot al.




PCT/US2018/037579

2JMEBUSIS JO Q0UASQY MO g o

(¢

a B

7 8IneUSIS JO 8oUSsAId © m

i olqe[rear JON ¥ uorapramy 5 o

’ a B

: . A=)

Mo ‘7S BEPRYRIouURUN) 2 voneiopong m W

o sy IS % L Alod TANNLD m ]
A1STWSYO0ISIYOUNUWITI] SOSSB]O JR[NOJ[OJA]

3/42

WO 2018/232142

Junoo S
UONeN[IJUI [[90 SUNWI]

- SISSB[O ¢€S-CS-1S epIYsoH
) 7, S9sse[o ¢ Suery)
3uIeusIs 1-Ad

ImeugIs NJjJ dudsd-9

2IMRUIIS N[ uad-g7
MSS%U

| sageydoioeiy

_ouddeiow N L,

~quagelow d'g

S99 L 8AD

S[1e9 1,

S9[NdJ[oW SUI[BUSIS dUNWW]
$39sqNs [[90 dunwiw]

9I0JS JUAWYDLIUD duNWW ]|

SE

SR
SRR

{
&
R

(877 = u) 10y0d drwonday

SUBSTITUTE SHEET (RULE 26)



FIGURE 3B

WO 2018/232142

-
L3
@
N
£3
&

b o
28
£ %
E =
Eg

PCT/US2018/037579



WO 2018/232142

FIGURE 3C

5/42

PCT/US2018/037579

S

Rest

40

30

20

SL

16

" Mann-Whitney U test



WO 2018/232142 PCT/US2018/037579

FIGURE 4 642

FIGURE 4A

Heptromic dataset, (n = 228)

55/228, 24%

EIEEEAE

Immune subtype Exhausted

+ Hoshida S1-52-S3 classes : AN

GFBI

TGFB3
Fibroblast-TBRsY§

T cells-TBRs X

Late TGFB signature

TGFB signaling

T cells
Cytotox

28-gene IFN signature !
PD-1 signaling §

CDS8A ¢

CD3L ¢

CD3G
IFNG

Active immune response

:T cell exhaustion signature
: Macrophages
M1/M2 macrophages signature

LGALS1

CXCL12
CCL2

Type of immune response

suppressive

S3 @ Macrophages type M1 §&
Non significant #

Macrophages type M2

Non significant

i | Presence of signature & Non available

Gene set enrichment
score/gene expression

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/037579

WO 2018/232142

7/42

sjgepEAR 10U

SajehsuwnnoT

sapsodafing

pusbe}

gZZ=u ‘Loyos swondsy

dv 34NSI4




WO 2018/232142

8/42

PL-L

FIGURE 4C
PD-1

RATION

MMUNE

INFILT

PCT/US2018/037579



PCT/US2018/037579

WO 2018/232142

9/42

7 7 5% £
iy el F g ya 4

WHLE 18 SIS

ey

{suyuow) dr-moio (SO mﬁé@:ﬁ
0oL 08 09 Op G

% ¥z £ % Kirrrrrrrrssrsvssrsr s 2SI L irsrrsssrs Y %
2 ER. T \.,ww PR e Ky
£0° = o & = oy
- o
3 % p ey e (e ¥
RAL G A
&, Dagrarirrniy,
Z . B syt
Y, Z
Yy, .
% g Lyrprsrsrrrrsinsry s
. ¥

[RAIAINS J{RISAD
RALAINS [{BIDAD

\\\“
TRl a el %,
ARSI
g % -
o G M\. %, =] m
% %,
5, ey P A
T

18581Bp YO 1 18SRIED SRuodeH

dS 3HNSIH VS 3d4NSid

S 34NSOIA



WO 2018/232142 PCT/US2018/037579

10/42

FIGURE 5C

TCGA dadaset, {n =180

&
-

Borianes sanichenent sooee

cog m«s;i y

Th‘ t:e

Cyiotord 1
Tarm calls | W\ §\§§§\\\
28-gene IFN signatwe ] X
B r}&a‘ﬁamq

e 3&%}@@@
Stormal envichment sowe b '_ : N §‘W
5 & {:iﬁ%*&i m 3&{}1‘%}3 N RN
WHETGED sign .
A &

TR \

HERLT

Sytaltie !Ei\&rW:

Mulooular clovsog

et N Py? N

Brolfarahon
S

N

83 N Presesss of signates B

How signid,

Absenew of signatuss

Itadaan




PCT/US2018/037579

WO 2018/232142

11/42

0 & &L | gns sanoy
< gi 19 | sy
& 4 27 1 NS peisneyxs
‘ ‘ B8Zi=U | NSLIL Slualed
{sypuow} dn-mojo 4
4143 05 0
126 =d - OO
. - _ R
F5U0dSaM SUNURL] SARDY o
_ <
_vo 3
m
- 90 2
v “
R “BBUCUSSY SUNMUMYDEISTIRUXE | g 8
- 04

35 34NOI

i < 414 B 1 NS sy
i g (b Yol 189y
0 o < gl WS pasneyxs
R1Z=U] 48 1L sJuUsHLd
{syyuowt} dn-mojjio
0614 00k 09 0
81°g =d oo
20
O
<
3]
¥0 B
psuodssy SUNLIL 2ALDY =
20 m
-
&
M o B
P s a0 &
¥
FRUCU ST JUNUILY PRISNIBYXT oL

ds 3¥NOI4

SUBSTITUTE SHEET (RULE 26)



WO 2018/232142
12/42

FIGURE 6

FIGURE 6A 4 ievel

3 ey & a :-:«\:\;?\x,\;
o 3

ons
o

Number of

amplificati

e85

Irmune Rest
plass

SR

FIGURE 6B

miber of

deletions

Mz

Immune
class

PCT/US2018/037579

A

10

7y

Immune
slass

&&sﬁ



WO 2018/232142 PCT/US2018/037579
13/42

FIGURE 6C

Py
4,3

LY
®

neog-a
w4y
£y

immune

mber of pred
neo-antigens




WO 2018/232142

FIGURE 6F

FIGURE 6E

14/42

.08

=

Exhausted Rest

SLID

HRIHAL JO JDWINN

Rest

SUOREINA JO JOUINN

@
&
D

g

1000 -

PCT/US2018/037579

bnmune class



PCT/US2018/037579

WO 2018/232142

15/42

LRI 5

AR

i | i
11 f = m\w ........ PN

{061 = u) Bseiep yooL

LENNLD

Apmigped

SOUBD JSALID OOH

59 34NSOIA



FIGURE 6H

WO 2018/232142 PCT/US2018/037579

16/42

D R

nmune

Exhausted

Active
frmmuneg

3 NG N

e n N
S A .
s R

Rest

|9Aa] uopRALIoN



WO 2018/232142 PCT/US2018/037579

17/42
8
(Ij
. -
® D o
S
W
m.
.
m:
@:
<
g N * »nOw o ’z}g
& o
3
i
(.
2 R o o
L2 ) 3
42 € W
LoIssa.dXD YIS
o
X
=
N F 2
N
P
Y
T
ek
L
<
o3 R SR o S
o 0o
&
\JF
—_— 0.
(o)
L :
X8 8 g 8 g °
G &3 £ ©w =¥ o
T uolssadxs £V



PCT/US2018/037579

WO 2018/232142

18/42

2 IUNLY

153

B3 LENNLT

. w gl

yaS

| 79

w o 971

Lol ged PR

A9 34NODIS

LIOISBOMAXS 2N [ o

S0 SUNLLIL]

188

512 LGNNLD

G

_
o

404

ossardxs PO

0004 S

U

[9 34NSIA



WO 2018/232142

FIGURE 6M

FIGURE 6L

19/42
= L)
. =
.
L -
. - * . »
» *
: . " “i. * = (V)
e 5% »
"o. :"’.?.;‘:‘.
' .
R,
. .y ~
L . .%; -N
ae * » %
55 :
o & *
<t 2 o
<G
%
L
Lo}
o o < ™~ L
(KEJJQQJQELU)
uoissausdxe 2y 1d
[ e
Y
v
Lo
. [
. »
» - 00
. e
. » - (D
* aw
- . o
* s ® * -ﬂ‘
% g * . % .: :‘i
{8 L2 » * 2 :
o < | . :I"
(- %j .u o* = (N
Y &
| | | | | @
2 o0 w0 b | &~ o]
o

{Aerreosoi)
uoIssaldxa 2y 1 o

PCT/US2018/037579

PTKZ DNA copy number

PTK2 expression (PCR)



WO 2018/232142 PCT/US2018/037579

20/42

FIGURE 7

FIGURE /A

Heptromin datased, (=87}

Tumor samples |

foenne etvicienanl T R
fornne celbsubeets
nmane signaiing solendes
Toals

Cwidohow

G Y eals

Surrounding tesues

R
b

Shoma! evicbnent sooe

PN
T oot exbmustion sigwiure
108 pere signatiee

e
Multinodulsity

: Cians sat anpichmant saom
SO

Law




WO 2018/232142 PCT/US2018/037579
21/42

FIGURE 7B

P < D01

DRI

Patients at risk | n= 184 Follow-up {months)}

§




FIGURE 8

FIGURE 8A

WO 2018/232142

FIGURE 8B

22/42

PCT/US2018/037579




PCT/US2018/037579

WO 2018/232142

23/42

1osmop onuondogy

[dd-24d vV 1LO-91d 1dd-21d

12SDIOP D 12 UY )

aunuruy
OATIOY

159y

QEEEHW
paIsneyxg

d6 3dNSIl4

1osDIOP D]WOJldaH

12SDIOP D 12 UY )

PVILO-9Id 1dd-1d

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

V6 34NOIl4

6 34NOI

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/037579

WO 2018/232142

24/42

oﬁ 8090 1v0CO oo

oE? d pa1021100 Eob&som

12SDIDP D 13 UdY))

oy,
[\
unurwy
R eamoy
Q
N
-~y
S/ 199
]
sunuwIw
paisneyxyq

oo =
—_ W

o
=

dé 34NoSld

JosvIDp V)1

JasDIop [0 12 UdY)

1dd-31d
N

YV 1LO-21d

TIISTIIIII I

150y

\w

H
H
1
H
H
1
H
H
\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\

......................................

J6 34NSOI

6 3dNSI4

SUBSTITUTE SHEET (RULE 26)



WO 2018/232142

PCT/US2018/037579

FIGURE 10
(Gene name class
FAGE4 Fest
LGT2B17 Fest
CTATNES Fest
DHRES2 Fest
FAMT33A Fest
ASCLA Fest
T M3 Immune class
IGRKC Immune class
[ 30-11 Immune class
|Gl 144 Immune class
1! Immune class
CCL1y Immune class
|[GHG 3 Immune class
|5 HAT Immune class
|5 HM Immune class
IGHG2 Immune class
|5 HG 1 Immune class
|GHAZ Immune class
|5 HM Immune class
FTEDS Immune class
FOU2AF1 Immune class
MNE T Immune class
MG C 29506 Immune class
CCL18 Immune class
GBFS Immune class
CcDo2 Immune class
TRECT Immune class
GFRE171 Immune class
iz EM Immune class
L2 Immune class
TARF Immune class
CHCLY Immune class




WO 2018/232142

FIGURE 10

CCL2 Immune class
TREC1 Immune ¢lass
L3 Immune ¢lass
CHIT Immune class
kAP S Immune c¢lass
IGLD Immune class
HLA-DEES Immune class
CHCR4 Immune class
CDBA, Immune class
GZMB Immune class
L1 kA Immune class
TREBCZ Immune c¢lass
CFTR Immune class
LMK Immune class
CD%3 Immune class
FTx3 Immune class
DM Immune class
Ch4s Immune class
FPTFRC Immune class
TRAC Immune class
F¥B Immune class
A2 Immune class
DUSF2 Immune class
CYTIF Immune class
CCLS Immune class
EFEMP1 Immune class
LM Immune class
MMET2 Immune ¢lass
AEBF1 Immune ¢lass
IL7R Immune class
CD38 Immune class
FOSTHM Immune class
CACL14 Immune ¢lass

FAM1S0E

Immune class

PCT/US2018/037579




WO 2018/232142

27/42

PCT/US2018/037579

FIGURE 10

CCL4 Immune class
ST M2 Immune class
C11orfas Immune class
| Immune class
CRZ Immune class
CACLE Immune class
FMNDCT Immune class
THEBES?2 Immune class
LTE Immune class
CLICE Immune class
ITGEB2 Immune class
=2 MH Immune class
CCRT Immune class
LCFZ Immune class
FGS1 Immune ¢lass
D2 Immune class
ShOC2 Immune class
LTEFZ Immune class
LA Immune class
COoL1AZ Immune class
Mz F Immune class
TAGLM Immune class
CD3D Immune class
RACZ Immune class
CD27 Immune ¢lass
C160rthd Immune class
S 10044 Immune class
CYRE Immune ¢lass
FTGIS Immune class
COLEAS Immune class
SLA Immune class
CoOL1A1 Immune class
MTHFDZ Immune class

SANM SN

Immune class




WO 2018/232142

28/42

PCT/US2018/037579

FIGURE 10

FMFP 22 Immune class
SR GN Immune class
TIMFT Immune class
|GLW 140 Immune class
GABRF Immune class
CTGF Immune class
FMEFAT Immune class
7 Immune class
COROTA Immune class
PS4 AT Immune class
FAMZER Immune class

LAF TS

Immune class




WO 2018/232142

29/42

FIGURE 11

PCT/US2018/037579

Fe-é?t'ura

Fold Change

LCPZ

3.35

PTPRC

4.086

IGHGT // 1GHV4-31

8.40

IGHGT A 1GHG2 A1 IGHGS /T IGHM i 1GHV4-31

89.08

TRAC /I TRAJTY /I TRAV20

4.04

CCLS

3.76

IGHGT 4 1GHGS / IGHM 11 1GHEV4-31

8.00

LAPTMS

3.03

GZMA

3.26

IGHGT /7 1GHM 4 1GHV4-31

89.37

TRBC2Z

442

SLA

3.15

FYB

3.88

Ccha3

4.22

IGHG3 /7 IGHM

10.04

Cb3b

3.20

GZMK

4.30

CDA4S8

4.11

CD2

3.29

CD5?2

537

TRBCT

5.27

S100A4

3.18

TGB2

3.40

TRBCH /i TRBCZ

491

RAC2

3.19

CORO1A

3.08

IL7R

3.68

CYTIP

3.76

SRGN

3.08

SAMSN1




WO 2018/232142

30/42

FIGURE 11

PCT/US2018/037579

FAMP6F

GPR171

cD27

MTHFD2

CXCR4

TIMP1

C16orfh4

CD8A

LUM

DUSP2

POU2AF1

EFEMP1

CXCLS

PMP22

IGHM

LXN

TARP /i TRGCZ

DCN

RGSH

THBS2

PTGIS

SMOC?2

MMPS

GZMH

AEBP1

COLEAS

GEM

CTGF

CCL1S

MGP




WO 2018/232142

FIGURE 11

31/42

PCT/US2018/037579

IGKC JFNTN3

16.82

LTB

3.40

AM2

3.88

PTGDS

6.69

iGJ

10.42

C1iorfSe

3.61

104

3.61

CYR6B1

3.17

TAGLN

3.22

LTBP2

3.28

C7

3.05

STNNZ

3.61

COL1AZ

3.26

CCL4 /i CCL4LY /f CCLAL2

3.61

CCR7

3.38

MGC29506

6.28

FNDC1

348

COL1AT

3.14




WO 2018/232142

32/42

FIGURE 11

PCT/US2018/037579

MS4A1

3.04

IGL@

4.5%

IGLV1-40

3.0/

CCL21

5.1/

CD38

3.68

CCL18

5.93

IGHAZ A/ LQC 100126583

7.81

IGKC /#/ LOCBS52694

15.85

GZMB

447

IGHAT #IGHAZ 1/ LOC 100126583

8.83

GCLZ

4.92

IGKV3D-11

12.06

CHIT1

4.70

PMEPA

3.06

IGHA1 #/ LOC1001265883

3.98

GBPS

5.53

IGLV1-44

11.38

POSTN

3.66

HLA-DRBS

453

CXCL14

3.65

CFIR

4.39

FAM1508

3.63

CLICE

3.40

CXCLE

3.56

CR2

3.59

GABRPF

3.06

PTX3

4.22

MMP12

3.69

MMPY

6.41

IGLJ3 /i IGLV3-18

483




PCT/US2018/037579

WO 2018/232142

33/42

dN_NOILISHYHL T¥WAHONISIW 0Ll 191 13HLIdT HHYWZLOS

AviiHIvE ENIHSFLM did

1394w CTIW Wridwss|

din J1a1d LGS B4 WNE Ly LEWdH Jvieid

MO H3anwD 1SwdHd W1oNnad Sa AdsT10a4W 23014699

HO LANNLD SSY12ANS HIDNYD HIAAT ONWIHD

MO EwdLTTHIW 40 S5139d%. d3M-423n4d

MO 432NFD JL¥1504d NN

491 01 I5N0d5d4 Advd ¥IHIDddH3A

MO 1wddd S5 2NYD 1Sw3dE HI33ALNEA

SNIF10Hd02409 W33 wEwh

din ATHYE 54 03 INSATY H3 N0 JH1SYD IHI23A

WO TPWHON H9 N30T SA FWONIJEYD de1Mgd017 159348 MIAHSYENL

NO YN0 JerS0ANO0FyHY d9 10341 NI o

2 SIS3NI90410% MO LdNg

1338N5 S139dvL FldWN AQNYZI0H

MO 2 AINAlA T¥13d SA J0NL SIWTIA 1

MO INOHTLSID0Hd 0L ISNOLSTE HODTAN

Md S132dvL 90263 NeWAIN

di FWOHAWAT 21 LSS T8 ONOIWWIO IONY wOnTyddld

NOLLYZINYOHO XIHLYW HY 1IN 1130%H1X3 IN0LD¥IH

MOLLOwHET LMl 401492034 Wad 993

NGO 513981 21705 INIEYd

HH9 SLI9U¥L ¢493A HOLSIWM

dn S13249vL ¥idNH 13151 wrllhg3s

A HIYd TNIH9ILME ld

Nd HH ¥2 AWD NHZ

dn INIWKNO HIANIOH I HFINTD FHIIAAYT

MO 5139471 BV DN

JWOSIH LI 40D vEYM

N0 TYWAHONISTW SA Trsvd H30NwD 15w348 34vdvHD

HOLLYHOIN 1132 M

MO T AWD NHS

di 1192 WALs 15dniood

din T¥INEON Tw1INd SA WINONIOHYD 910301 15wded NIAHSYEN.

MO SYEA MOIWNHOdENYH L JlLSw 140N YNNOOvHYIHD

MO NOILyLNTH4d410 LAD0dIdY Sdin

HOLLYIHOd HIDVT10D2 JWOLDVIH

dn | 51394¥1l GHAS ¥y3Ad432

dn 1132 W35 15342 T¥an3aM 337

dn S1394dvL 13249NES SNTA

S1394v1L WIEYING N

ARAiHLIYH | NYI3dMAS did

AvhiHIYd NIHDF LN E8AY did

di HAS 139348 T91H39Nd NEASE W

dn S13949%1 H0d N9

JWVH

2T 3¥NOI4




PCT/US2018/037579

WO 2018/232142

34/42

HLMOHD 1NO J1Endn J404 ONWNOE WD GW013%3Y

01 331512 T A TeA

SIEgNID0E MY HOWNL SnEnd d32M3T7s 54343489 T19H

Jon3HENIdd HOIH 439nW0 4900919 MIHSdM

din 5139471 474 S¥Is3191

dil_ IDNIHUNDIH HIDNYD HIAT 00M

din SNOIENd LOX0d #vd 40 S13948%1 INOIDIAY]

SNOILITHILN]T FI94HNS 1132 NIHOTLN W0 L0

NO ST JINFOOIDNY NOILLIF4N] AHEA LHTA

N INOTVLNDIS0Y 01 ISNO45TE NITHA

dil SISIHIDHOWNL HIWOHI

dHEZL S13949v1 w4934 NOLETIM

din ¥M33_s3IMed_H53A40 337

di 473 d32MY0 H3A7 337

dl J1AJ0HH1IAHS NI O30NWLISAS NOISNd LLIXNAE LANNYH 40 S1394% 1 SANOL

di JAEYAN TWLDNd 933k 15v348 FIANHD0S

MNOIIFMOE4SNYHL LS Id0IN Ol JONTLISISIY w393

MO 52200 NOILsWHOSSMYHL JILSv1d0dN FHNO0wHYIHD

8 5153N3200dI0¥ NOLHNg

dl YWOHLS SISVLISYLIW DNNS

dl w51l 01 ISN0d53d wEIHD

MO SNOISNd 515 LdSAE 40 519941 WAl v AN

N SWEd 5A S EY S 1N23T01 INOIDIAY]

MO S1994%1 w4932 SOWTYH

SNFIATD0T1L0Hd wEYN

dil 519594V SvdH 1330S

MO MOISAS 114 1d5M3 40 51398l AISNMA

drfl HHO0S 513941 X1l SMvH7

din 43INVD QI0dAHL 5A130

din NOILISNeHL TNAHINISIN OL TwM3HLIdT 43aNH23r

NO SIs3Nd90d1d% d10H439

dn € S13994vl IHOD 43aN0

dn F1250W NOILDIH153 JIHOTYD OAvA

di 333D HilA S1L100 3AILLYEIINN JEVHY it

MO 520030 59X NOULYWHO4ENH L 21 LSv1d03N whNOOvayIHD

MO doo1d SA JLwHdWAT IWONIHL0aMS wADH 154

MO FIWIANET T3 AdivH 0SSwE

MO SNIMPMOIS dNL YRS

SHNOILIYHILN LANYIN FW0LIW3Y

493 A8 042Ndnl ATINTISKYHL £ 359710 ONvALT

51394971 w4934 NOLSIAM

MO IN0T 54 3504IOY 1132 WALS HYNYdOVY]

SMNIADTTIOD WHYN

di ¥IE0dAH ORI

d Q0078 ON _AINAH 9MISY TI3AMICH

MO Ld31 AT OFZ9LIH0MNT TT5AdM

MO FANLwN T MIWOT AN W

d JI0H314 INIEF LN FINTHYHMNTA

¢1 3dNSld




PCT/US2018/037579

WO 2018/232142

35/42

NO SISYLSYIIN NeHANTHD

dn J5H NOIENd LLERNOH LXNOY 40 S1394] SXNOL

91 441517 NOHd153904d 01 J5NOd5d8 TWeO0diNd L OvA

dil YWONIDHZD JI0HAHL AdwTlidYd IMk 1NOS

ArafH1lYd 18 NIHOF1N did

MO LIW1S WA 55315 HIMOHD wAI34 0L

B HILEMTD T HATEA

NO TWINEON TwLl2N0 SA FWONIDHYD TWlinad Lsv3dd TIAHSYENL

SANYHININ LNINTSE WEYN

dn NOISS3IH90HS H5INYD NEAS HOIEIWNNH

dil ¥EINM dNV 18491 40 513941 J8dv1

NO ATHYE S153NF90dI0Y YU AYN

FANMLD A ONMYNDIE THOD H50N0

din HHEF LAY A d32NaN S1398Y1 40H NX

AvitHIYA NivdTwan Y.1ldvaolg

JANLYNDE NOLLSHYHL TYNAHINIESTW H3IMD NOISEYLISYNY

SIS IV ITW YO NIDHYD LSw3d8 NAN

din 1132 W3Ls Adeiey NI

dn 5139dvl 18491 Twild3and MNrAddom

Nd 5139471 14N 137 80H

di 51399% 1L Pl aviig 5HJIHaN3IH

dil S149H¥1L 1H491 J9HY1

a1 MIO31339%4. 01 35N0d53Y J1%Tv9

din LNIW4013430 H3AM OdIND

din S1394% 1 lddvd NYINgIs

di S CFWOTIAN 1IN MYHT

2490d dnw LiWE 40 S139dv.1 MWHIS430IIAN

JONTOIND NOXY JWO 10w

dn 0Z2d01 WNOISNd 14 LESm3 40 5139w L wIHIHO01

MO TWWAHINISIW SA TeNIWMT H32NYD 15%3H8 Jdwd7HD

dil 50¥WE ONY LYW AH NOIS53HddNE H0WNL SwodNvd

MO HI3IMeD WA ISNANT DM O

dn 5139871 £0X0d HOINd133d

AP SN THIvH LA JHL 40 NOLYOwHD30 JW0L0YI Y

MO NOISS3d90dd H3 MWD 1Sv3HE SIanw]

£ 18491 01 ISHOdSIH WIHIDIHHIA

di TFIINI 104 JINFD0dIdY Dn3IS51

MO LLALS AWy Svdd A8 SISINISONIIHETD (0

N ALl 54 S2dx 3B/ 22343 wi1S0dwd

drl AHAOH 1510 8971N350W T9EIMNHO NG YIS0 0% 1LISS0H0M

NO S1394%L TIW S13vHHIS

MO 51394vL 1Iv0OH JI53NdS

dn S139dvl 1£4201 INd

dn S1394%1 E9301 vl

12 189491 01 I5NOdS3d wIHD I3 ddA

MO SIEVLISYIIW ONIENT STHS5IA JLYHAWAT 9345912

NOISIHOY Tw204 9994

dn LR0J H3INYD 33417 331

¢1 3dNSld




PCT/US2018/037579

WO 2018/232142

36/42

MO HHEL NOILDI4N] AWDH IMAMOHE

din TwAKENE 430NYD a3A WAIHSOH

di S1328%1 |45010d DNYHD

MO HHFE MOILIIAN] ANIH IMAMOHE

9 H3ILSMD I5MN0d534 AN dd¥Tvd

WO FIMwLSISTY NIOFLIF8vH L [INIHIETIN

298944 40 WH0d05 412119 40 5199971 NIS 84044

dil =SNEwHIOEd 511dddvd SN

AviiHIYd 96w MIHOFLIMl did

b WH04051 28983 AH SISVLEY1IIW NI5Hd03d

din 51399%1 FailgL NeIWNNOHI1IIHA

SH0LNID0Hd d3IWNWD NIPdE SiddwH

6 SI53INF90dIdY NOL1dng

HAT HL I ATA

din 1192 W15 HIIWe'D d3AN WLHHSWIAA

din dyHZl S139d%L LLA A

WEMOEY13W JIv4TNS My w30 3194705 MIUOHAONOHD WO Lo

O HOLINID0Hd WWOodws SN 19914

MO 5199871 INIHI0LMY LTHS NX

MO ALIDILEYd w0 L5 HOMS ONIHT

din AHIYdOdHd3IN 21133%10 3073vd

AS0T0IH WINIWdO013ATd MO 10w

din FINFISINIS MwIaIH4

Nd HHFE ISMNOH53Y 1010vH153 341493103

MO SI3949%1 HHS WVHOMI

C HILEMTD TN AT

NG 3500 AW A0 JTINTIS

MO SISINF20dIdY 439315

NO £ | S30vHD 4IIND NelgeAD TOHAOA NNTAL

dn Jd%¥49 A0 43IMwD Ny leeA0 TT0OHNIFW

din 5139471 INL 7Ny

din 522020 NOILYWHO4SNeHL 21159 1d0dN FHNOOvdwIHD

5139d%] IId8 WAOHITISd Y

MO 5139971 ZOWAH Oy 1 2v3aH JI53ras

MO LEv1804891d A3L¥ID055Y WWONIDHYD YHHSIW

fr H3L5010 51394971 NdO OL0WYHI L

din 15w 1808514 A9 055y WINONIDHY D FHHEIN

MO WOHOMNAS 1154 HONATHL

MO SvdAd S3INYD SN 133MS

44 ANNOH 94vd X0 HI% 130

a1 MO WL TIN0S1S 1SINDNOOMD

all 135534 Q0014 dNnoai Aod

19491 0Ll IEN0d53d d3AYTId ¥IHIDIHEIA

dn S1394% L 3 WA

KNad ¥OHY A9 JINHO0JSMeHl ONIrKIE3d

dn JLAIOEHLIAET NOISNS LLEENAY PRNnY 0 5139471 SHNOL

dn 493 83N H3A0 AvTH0d

dr a0 ONIDY AT

¢1 3dNSld




PCT/US2018/037579

WO 2018/232142

37/42

din SIETLISY1IIW DONIHNG 5135534 1Ly HMAT d43dSw12

di ¢ SNTYNIIS 47 anggy

dil S1398%L 1J5T SR

dn 430490510 3AISSIH430 40 NOLISY

AriHLYd MIWNAOAAN ¥.1dv201E

din U977 LMIWdOTGA30 SvNIdY S INAN0d

IMAS 990 d0d4 dI3HINDIy 51 IININ0IE HIANM JAH¥HIIFSvHITL ¥ W0 L0v3Y

AvAiHIY] ONTWNDEE LA did

N S1399vl C0¥aH I=3n3S

82 AN 0L d5NO0d5dd 01535

MO 3N0%d 2110831250431 189 L5NN SONOdIdAdSYdvd

AviHLIVE LAV Oid

AviiHLIYd dvdn vdn did

M ¥dl SISINIDONITHTD NS MREWIONITHIS

N ONATINIS AN MNeH

dn 3I5v3ISId ASYNOWING 3ALINE1590 JINOHHD SNIM

dil OMNYLSIETY NI 14510 ¥aoMNNSL

din qH¥E NOILDIdM] SN AONIOY Ne0d

dn At £ 159349 Tv.ld33nd My AHE W

din 51398vL FIdWWN ADNYI0H

MO MNOISNS 10X04 Exvd 40 5139dvL WNo3d

F H4415M10 452MvD 15vad4e HHiNdvd

din 34 51399¥1 NOISNd 4 TN NN ENYS

AvidHLvd ONIMPNOIS w198 491 999+

MO AMHIEd3AdY ¥OHY AH d9WH0dsMedl OMIrid 839

MO NOISSIHD0HS HFINTD NS HIEIWNNH

din SHIHAHEFIN JINIFDO0IONY NOILITAN] AHSH L,

df 4 5139991 MOISNd Fdv TN MRYRSENYD

MO WOHH A LON SMITYNSIS H20d OMIrNg d38

NO wIWOLEYI30M9 5A WWOLAJ0H1ISY JILAD0Td NOO0D

1300 OMIMEd ELT N

NO INJHIHTY 5A WIIHIHLS HIMOED H3HLNIND

MO TEINHON 29 INE0T SA YIMONIDEYD Twlond 15w3 48 NAHSEYENL

din 51394yl GERNIS wiNvADH

C 31394v1 GHOS wH3AHdD

di FWOIHTS TehOMAS 54 LS9 NIST3IN

di 5 ¥INOH1S OMsHN0

MO Y58 SS108NS S IMYD HIAT Lvh0d

N DA AH 0319IN93H 9NYD

NO NOILYZITY L0 NYNa 144

dn 1483 JAN d3DND H3AN 330

dn FWOLIFHIL F10HH0H

MO F1%1 SISINID0d IO v H AT

17 A8 NOLLINASMyHL TYMDIS W0 103

HHO 1% Awdd =15dM390410% WO Ldng

MO MNOILISMNyHl TeAHINIEIW 0L TeM3HLIdS 439MAHIE

4904 A9 9NMAYNSIS WO 12%3H

MO S19945%1 JOAW ¥MEISY130
¢1 3dNSld




PCT/US2018/037579

WO 2018/232142

38/42

SISINID0IDNY MHYWITTYH

HOLLISNYHL T¥WAHDNISIW TW13HLIdT HHTWITTYH

di TS DSy 351

1513045814 any FINTD ONOT 40 JWO01FHI35 DMOHT

MO SISY1SY1LIM SMNITWOL

MO L% 5S4 ATdwd H3INYD Nivdd NOSEMYHO!

AvadHIYA SKIdIH ¥18v 2019

dn S1394%1 TIW S1IvHHIS

dln 51398971 HHS WeHaNI

MWD MNOISNd I0R0d Xvd YWOIHYs0AMNO0agvHd INOIDIAYD

1132 L5WW IR

HHE I¥ Hv3d 5153n320dIdY NOL1dnd

SNOLIYHILIN] MIHOHdYINES H3HLI0 SN0

df | AIMAR Tvidd 54 JOWNL SWTIAY T

sl s AW wIaT1S

din S15949V1 5wy 404 X0

dn ALIS3E0 H370%N

NN 0L ISNOdETH AlYH 1SHI9TIVH

di JLADOINNYHD M OINLSNS NOISNS PLLENAY LENNY 40 31394y S4NOL

din JINVLIISIY SINILSYd ONeH

dil 513299vL E5dL MMM

TYWAHINISIN WINOLEYTIOND HewHEIA

MO dINT HIINTD NFIETAD OO AN

At HLIYd MIHOS1N 7H9Y 195% Oid

892 18491 Ol ISNOHS3H WIHIDIHH3A

SISFHINASOIE J1¥4TNS NILIOHANOHD WO L0wId

MO Hvd5 ONIMNOIS 911 NSYd

NO 071 Ol d5NOd=dy d10HY3D

b 5153N300dIdY NO1dng

E2 18491 Ol 3ZNOJ5TY WIHD 23 H3A

din £ 51394871 8Advd INOLSNHO!

MO THINHON ISNOdE3H AN MNYTNENIS

MO S15949%1 dwxidd INvNH

AiiHIYY dxdl dld

WO HHIL MOILIIAMNT ANOH IMAOHE

din S139dvL 259 WA

din S1394%1 £5d1 JINIOSINIS ONw'l

AHJOH 1H83dAH I¥1du8YD O115413d

Nd 5139dvL 49 Agqw1l083HD

MO ¥IXOdAH O1 NOILYLldwidw NN AN

din ISNOd53H S53H1S To LNINNOYEIANT DNAA

WO J155910 54 259 1d0OME30 w0 LS9 150N a3 A CHIWOod

NO FWNOLAIWNEYTH (D

MO gH3F LNIMHO13ATd J1%1S 0dd H§3443wHIS

LALE AH d355d84dd SISvLsvldi (T

MO AWAHLYE wINOLSYTHOMILTY TIIMETA

din H5344 54 03anlins 1192 W31s 153ntod

¢1 3dNSld




PCT/US2018/037579

WO 2018/232142

39/42

dn Ladn 4491

dn bANG LG

Na LAdn 1423

JUNLYNOIS QIAHISHOD dV¥A ISHONIAHOD

dil IA'dN £843

AlHLYIN AN Y LIYMIH

MO kAN 4LV

din kA NG ESd

din_1Ad1y din 584 254

dn LA dn Maw

o0 H1EY ADHYD

MO IAdN S 2419

MO _LANO X523

dri A3 I8T dn e 254

MO LAATEYE dN 5584 D54

LMANLLSMOD Teanlandls Xty av i dwdLlxd

B i I e M = A TR S RO = A

ININACIATT T LI TIAS

XIH1WIW dv1N1130%d1X3 SN0IDVHIZLOHd

XIHLVIW H¥IN1130vHIXT

ONITENDIS HDLON MUYWTIVH

YIXOdAH MUYWTIVH

MO J=MNOd=3d AN ASYINTTYH

MOLLINAM T2ldvy AT TYH

s l=dNID0AN ASYINTTYH

ONITYNOIS Y138 491 MHYWTIYH

(1 3dNSIH




PCT/US2018/037579

40/42

oL 050 VI avs 2 ir H oT A \Z G Le'eZhot
s¥'0 ool oot it 4 4 iy H oz A 94 Z £ iehs
(80 PEG ! 2360 i3 ¥ 8 Lz g A & ¢y zds
R 828 i i Z iy 3] VL G L i L Gebp
EEED] s =
mer 4 T EEING GHoM On |GH@N  GH |QHOW  OH |GHeN  OH ToH UoRERa
198 SA BNy | 99y 54 PAIENBUXT | 3oy 84 peisneyxg 158y [£104 aANIY pajsnEYNg snohizowon
o8'0 S Pk 20 g PL 2 o &l i LEOMOD LB
b4 590 g0 98 zi g < T b G SAM 1T rThe
5 UL Qo0 1% £ g P ] o V2 G '
b2 880 R i BLL A av < 4 |74 i
80 Rt ipl L iy i G 174 b
angs 4 SRR ¢ FIHON YOH [FHSN O YIH O (YIHON YIH [¢OH SN wiH
1983 ZA BADY | ISSY B4 DRISOBUXT | SA0Y 24 PEJSHRYYT 158 #1041 2AndY paISIEYX3
{seiduims jo £ {szidwes jo 2}
SISIIYIs 3584 SSB{3 BUNHYY

WO 2018/232142

¢l 34NSI

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/037579

WO 2018/232142

41/42

§ § §Mmmw MRPEFE0 MU
%\\\\\\\\\\\\\\\\\\\\\\\\\\\\&?3% zZi4) sepsse)s jeusBuio

{06=U) Y DOH Hoyon

J7T 34NSIA

&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\&?2 ab z3}=u} s:meubts jeubiig

{1eL=u ‘Sd44) yoseep uoneplEA

drtl 34NSid

§§§mmmngw 12RISTLL M43
§\\\\\\\\\\\\\\\\\\\\\\&?w:mm Ziiztu} asmeudts pubiug

(pgL=u)} jJoseep VYO OL

V1T 3dNS5IH

7T 34NSI4




FIGURE 15

WO 2018/232142

42/42

PCT/US2018/037579

SN
Tt

..................... NSNS T AN A A AR

By

AN o £
¥ ¥ 0¥

Auansuag




INTERNATIONAL SEARCH REPORT International application No.

PCT/US18/37579
A.  CLASSIFICATION OF SUBJECT MATTER
(l:f;% - CO7K 16/18, 16/28, 16/30, C12Q 1/68; A61K 39/395 (2018.01)

CO7K 16/18, 16/28, 16/303; C12Q 1/6886; A61K 39/39558

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y US 2015/0203919 A1 (INSERM et al.) 23 July, 2015; paragraphs [0021], [0024], [0027], [0052], (36-38

(0079], [0094], [0098]-{0108), [0146], [0158]; figure 11; claims 2, 20-23

US 2008/0139801 A1 (UMANSKY, SR et al.) 12 June, 2008; paragraph [0032]; claim 15 36-38

WO 2009/055480 A2 (THE UNITED STATES OF AMERICA, AS REPRESENTED BY THE 37-38
SECRETARY, DEPARTMENT OF HEALTH AND HUMAN SERVICES) 30 April, 2009;
paragraphs [0031], [0045]

US 2017/0080070 A1 (IMMATICS BIOTECHNOLOGIES GMBH) 23 March, 2017; abstract; 1-35
paragraphs [0024], [0249]

{(GNJATIC, S et al.) Identifying Baseline Immune-Related Biomarkers to Predict Clinical 1-35
Outcome of immunotherapy. Journal for Immunotherapy of Cancer. 16 May, 2017; Vol. 5, No.
44; pages 1-18; page 5, column 1, paragraph 1; DOI: 10.1186/s40425-017-0243-4
(CUBERO, ME et al.) Specific CD8(+) T cell Response Immunotherapy for Hepatocellular 1-35
Carcinoma and Viral Hepatitis. World Journal of GastroEnterology. 28 July, 2016; Vol. 22, No.
28; pages 6469-6483; page 6475, column 2, paragraph 1

—~

(SIA, D et al.) Identification of an Immune-specific Class of Hepatocellular Carcinoma, Based on | 1-38

Molecular Features. GastroEnterology. 15 June, 2017; Vol. 153, No. 3; pages 812-826; whole

document; DOI: 10.1053/j.gastr0.2017.06.007

D Further documents are listed in the continuation of Box C.

I___l See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art
“&” document member of the same patent family

Date of the actual completion of the international search

29 August 2018 (29.08.2018)

Date of mailing of the international search report

14 SEP 2018

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - wo-search-report

