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METHODS FOR HEAD AND NECK CANCER PROGNOSIES

CROSS REFERENCE TO RELATED APPLICATIONS
{6001 ] This application claims the benefit of 61/661,060 filed June 18, 2012, Haves ez af,
entitled “Method for Head and Neck Cancer Prognosis” having Atty. Docket No.
UNC12004usv, which is hereby incorporated by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

{6002} This invention was made with government support under Grant No. KI12-RR-
023248 awarded by the National Institates of Health. The government has certain rights in

the invention

1. FIELD OF THE INVENTION
{60031 This nvention relates generally to the discovery of improved methods for
determining the prognosis of patients with head and neck cancer. The invention is also

directed to kits comprising reagents useful for determining head and neck cancer prognosis.

2. BACKGROUND OF THE INVENTION
2.1 BPV and Head and Neck Cancer

16004] Head and neck sguamous cell carcinoma (HNSCC) diagnoses constitute
approximately 3-5 percent of all cancers with an estimate of 49,000 new cases and 11,000
deaths in 2010 in the US (Jemal e gf, 2010; National Cancer Institute, 2005). Recent
epidemiological data suggest an increasing incidence rate among younger people who are
often non-smokers and non-drinkers (Curado & Hashibe, 2009; Marur ef ¢f., 2010; Patel et
al., 2011; Schantz & Yu, 2002; Shiboski er al., 2005), which are frequently atiributable to
human papiiomavirus (HPV) fofection (Chaturvedi ef /., 2011 Dahlstrand er of., 2004; El-
Mofty & Lu, 2003; Franceschi ef af., 1996; Furniss er af., 2007). HPV positive tumors are
typically found in the oropharynx and have better vesponse to treatment (Fakhry ef a/., 2008)
and beticr discase outcome {(Ang et al., 2010; Hatkarop ef af., 2008). There is significant
consensus that knowledge of patient HPV status will increasingly play 3 role in the
management of this disease.

HHUESY However, assessrmoent of risk in the context of HPV mfection has ongoing
chalicnges. Perhaps chiet amoung these is the fact that the diagnostic tests for the infection
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have limitations, and secondly, that smoking appears to degrade the favorable outcomes in
patients with HPV-associated cancers for reasons that are anclear. There are two broad
categories of assays for HPV. In the first category are tests for the virus itself inchuding
polymerase chain reaction, immmnohistochemistry (IHC), and in sitw hybridization.
Alternatively, HPV status can be assessed mdirectly through the pl6 biomarker which is
generally highly expressed in the setting of HPV jnfection. Detection of HPV directly suffers
from a variety of limitations including both false positives and false negatives depending on
the setting for reasons that have been extensively reviewed (Gillison er ¢f., 2000; Ha et al.,
2002; Shroyer & Greer, 1991; Stevens ef a/, 2011, Termine et af., 2008). Recently, large
chinical trials have addressed the false positive concern primarily by assessing HPV only in
the oropharynx, assuming that most positive tests outside the oropharynx would be false
positives. The concern for false negatives has frequently been addressed with the addition of
the biomarker pl6 which 18 highly correlated with HPV infection because it 15 generally
believed that HPV in sity hybridization is less sensitive and more specific than pl6 staining
(Begum ef al., 2007; Schache er ¢i., 2011; Stevens ez o, 2011}, In fact, recent studies have
consistently shown favorable corvelation between the two biomarkers, with nearly all HPV
positive samples also staining for pl6 (Begum er af., 2007). Interestingly, however, there s
also a consistent pattern of pl6 positive, HPV negative oropharynx tumors on the order of
approximately 20% (Ang ef af., 2010). Strikingly, p16 negative, HPV positive tumors, are
rare, however. Most coramonly, the pl6 positive, HPV uvegative case has been atiributed to a
failed test of HPV, such as the presence of an HPV subtype not assessed by the assay. Such
an explanation fails to address the fact that pi6 is frequently positive in HNSCC outside the
oropharynx, where HPV infection has generally been classified as a rare event. Interestingly,
pl6 positivity within the oropharynx appears to be at least as good a marker of favorable
ouicome, independent of whether samples also stained for HPV (Ang er o/, 2010; Reimers et
al., 2007y, Yet outside the oropharyux, pl6o has only infrequently been reported as a
favorable marker (Harris et af., 2010b)

[6006] In addition to the complex story involving tumor site {oropharynx) and the
biomarkers pl6 and/or HPV is the fact that risk is also modified by smoking (Ang et al.,
2010y, Patients with greater smoking histories appear to have their favorable outcomes

significantly tempered relative to novsmoking HPV/pl6 positive oropharynx cases for
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reasons that are not explained by the biomarker staining alone. Ang et af. documented at least
30% chance of death at 3 vears for HPV positive patients with positive smoking histories
{Ang ef al., 2010). There is little guestion that HPV positive / pl6 positive nonsmoking
patients have more favorable outcomes. However, in patient populations with high or modest

smoking rate, it is still valuable to assess patients” survival beyond HPV statas.

2.2. Head and Neck Cancer Molecular Subtypes

8007} Risk factors associated with HNSCC include smoking, alcohol use, rare germiine
cancer syndromes, and infection with the human papilloma virus (HPV).  Although tumor
site, TNM stage, and HPV status are useful in stratifying patient populations for prognosis
and treatment (2), significant shortcomings remain in the characterization of patient outcomes
based on these factors alone. For cxample, while it is widely recognized that HP'V+ paticnts
have better outcomes than HPV- patients, the favorable statas is significantly attenuated by
even modest smoking histories (3). Additionally, within patients who are HPV- and have at
least 1 positive Iyraph node, overall discase mortality can approach 50% with few credible
biclogic risk factors separating those who do well from those who do not (4). The results of
numerous recent studies suggest that molecular markers provide useful information that
complements traditional progoostic data. Unfortunately the large nursher of putative markers
and generally small sample sizes challenges the field to identify the most relevant patterns o
pursue with primary focus.

{008} Our group and others have suggested molecular subtypes of cancer as a means to
prioritize the dominant gevomic patterns within a specific tumor group (5§ — 7). Validated
subtypes based primarily on gene expression {GE) profiling of breast cancer, ymphoma,
glioblastoma, tang cancer, and others have gamered broad interest (5 — 7). Preliminary work
has suggested that such molecular groups are also found in head and neck cancer (2), but no
confirmatory studies have been done. One issue limiting the investigation of HNSCC is the
fact that cell lines evaluated in the context of the subtypes failed to convey ready models
systems. Additionally, no data supporting anderlving subtype-specific genomic alterations
has vet emerged to suggest specific etiology of the patterns of gene expression. While there
was the suggestion of a clinical benefit for one of the HNSCC subtypes, the cohort was small
and the finding has not been repeated.  In our opinion, for the HNSCC subtypes (o move
forward as a roode] for understanding this complex set of diseases the following progress s
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required. The subtypes should be shown to be statistically validated, genomic alterations
underlying the subtypes should be documented, and at least preliminary model systems
should be suggested.

{0009 Despite recent advances, the challenge of cancer treatment remaing to target
specific treatment regimens to pathogenically distinct tamor types, and ultimately personalize
tumor treatment in order 1o maximize outcorne. In particular, once a pationt & diagnosed with
cancer, such as head and neck cancer, there is a need for methods that allow the physician to
predict the expected course of disease, inclading the likelihood of cancer recurrence, long-
term survival of the patient and the like, and select the most appropriate treatment options
accordingly. Such methods should specifically distinguish head and neck cancer patients with
a poor progoosis from those with a good prognosis and permit the identification of high-risk,

earty-stage head and neck cancer patients who are likely to need aggressive therapy.

3. SUMMARY OF THE INVENTION

HE L) In particular non-limiting embodiments, the present invention provides a method
for determining a progoosts for a patient with head and neck cancer which comprises: (a)
obtaining a suitable patient sample; (b} measuring a nuclear pl6 cxpression level; and (¢}
comparing the nucicar pl6 expression level from the patient sample with an expression level
for a control sample, wherein the nuclear p16 expression level is indicative of the prognosis
for the patient with head and neck cancer.

0011} In yet another embodiment, the invention provides a method for determining 8
prognosis for a patient with head and neck cancer which comprises: (a) obtaining a suitable
patient sample; (b) measoring a level of CCNDY,; and {¢) comparing the level of CCNDI
frora the patient saraple with a level of CCNDI for a control sarople, wherein the level of
CCNDT is indicative of the prognosis for the paticnt with head and neck cancer.

[8012] In alternative embodiments, the invention provides a method for determining a
prognosis for a paticot with a solid tumor which coraprises: (a) obtaining a suttable patient
sample; (b) measuring pl6 and RB1 genotypes, a CCNDI copy number, and a pl6 nuclear
protein expression level; and (¢) comparing the pl6 and RBI genotypes, the CONDI copy
number, and the pl6 miclear protein expression level from the patient sample with pl16 and

RB1 genotypes, a CCNDI copy number, and a pl6 nuclear profein expression level
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associated with a control sample, wherein the pi6 and RB1 genotypes, the CCNDI copy
number, and the pl16 miuclear protein expression level are indicative of the prognosis for the
patient with the solid tumor.

HHIRY The invention also provides method for detormining an appropriate radiation
and/or chemotherapy protocol, the likelithood of cancer recurrence, monitoring the progress
of a treatmoent protocol for a patient with head and wveck cancer which comprises: (a)
obtaining a suitablc patient sample; (b} measuring a nuclear pl6 expression level; and (¢)
comparing the nuclear pl6 expression level from the patient sample with a level associated
with a control sample, wherein the nuclear pld expression level s indicative of the
appropriate radiation and/or chernotherapy protocol, the likelihood of cancer recurrence, or
monitoring the progress of a treatment protocol.

3014} Kits to practice the methods described herein are also provided.

4, BRIEF DESCRIPTION OF THE FIGURES

[6015] Figure 1: Fig. 1A (Panel A) shows the CDKN2A locus and the ploiNK4a
alteration rate. Fig. 1B (Panel B) shows the relationship between the forms of pl6INK4a
{mutated, methylated, RB1 altered or fusion). Fig. 1C (Panel C) shows the fusion between
KIAA1797 and ploINK4a, Fig, 1D (Panel D) shows alterations in pl6iNK4a, RB1, CDK6
and CONB1.

{801 6] Figure 2: Representative examples of pld inmpounostaining in head and wveck
squamous cell carcinoma. Imimuoohistochemical staining for plé expression of head and
neck squamous cell carcinoma was evaloated by product scorgs in different cellular
compartments separately. From the above left: {Panel A) pl6 high expression in both nuclet
and cytoplasm; (Panel B) pl6 low expression in both nuclei and cytoplasm; (Panel C) High
nuclear expression and modest cytoplasmic staining {(however, by our scoring this still
qualified at the lowest end of “high cytoplasmic”™); (Panel 1) High cytoplasmic expression
and low nuclear expression.

LHI Figure 3: Distributions of pl6 staining product scores

[6018] Fig. 4A and 4B: Kaplan Meier estimates of overall survival (Fig. 4A) and
progression free survival (Fig. 4B) according to pl6 expression in whole study population

All survival estiroates were censored at 60 months, Abbreviations: HN, high nuclear, any

-85
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cvtoplasmic staining; HC, high cytoplasmic, low nuclear staining; LS, low nuclear, low
cytoplasmic staining

(6019 Figure 5A-8D: Gene Expression Subtypes in Head and Neck Squamous Cell
Carcinoma. Heatmaps of the expression values of the 840 classifier genes: Fig, 5A (A) and
select genes associated with HNSCC Fig. 8B (B) for each of the expression subtypes.
Validation heatmaps of the centroid-based distances between the centroids of the expression
subtypes in the current study and those from Chung ef @/, Fig. 8C (C) and Wilkerson ef al.
Fig. 5D (D).

[8020] Fig. 6A-6B: Copy Number Gains and Losses in the Expression Subtypes. Plots of
the mean copy nursber values in the HNSCC expression subtypes after smoothing and outlier
removal, both genome-wide (Fig. 6A) and for specific chromosomes of interest (Fig. 6B).
30621 Fig. TA-TB: Average Gene Expression and Copy Number by Expression Subtype.
Mean gene-specific copy mumber (CN) and gene cxpression (GE) values 1u the HNSCC
expression subtypes for genes in the chr3q amplicon (Fig. 7A) and clsewhere in the genome
(Fig. 7B).

[6022] Fig. BA-BD: Recurrence-Free Survival in Expression Subtypes. Kaplan-Meier
plots and Log-Rank Test p-values comparing recurrence-free survival times i all expression
subtypes {Fig. 8A), HPV+ vs, HPV- subjects (Fig. 8B), all expression subtypes in HPV-
subjects (Fig. 8C), and AT vs. non-AT in HPV- subjects (Fig. 8D).

[B8023) Fig 9A-9D: Evidence Supporting the Presence of Four Expression Subtypes.
(Fig. 9A) Heatmap of the ConsensusClusterPlus dissimilarity matrix for the 138 subjects and
2500 most variable genes (k = 4). (Fig. 9B) ConsensusClusterPlus tracking plot for the 13¥
sabjects and 2500 most variable genes. (Fig. 9C) Silhouette plots for 138 subjects and the
340 classifier genes. (Fig. 9Dy SigClust p-values for all pauwise comparisons of the
cxpression subtypes.

[8024] Figure 18: Kaplan-Meier Curves for CCND1I Copy Nomber Gains.  Kaplan-
Meier curves ithustrating recurrence-free survival times for subjects with and without CONDI
copy number gains.

[6025] Figure 11: Kaplan-Meier Curves lilustrating Two Groups with Poor Survival
Outcomes. Kaplan-Meier curves illustrating recurrence-free survival times for four nutually

exchusive groups of patients: (1) HPV+ subjects (HPV+), (2) HPV- patients with CCND/
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gains (CONDI1 Gain), (3) HPV- patients without CCND1 gains that are AT (HPV- AT), (4)
all remaining patients (Other).

60261 Figure 12: Genome-Wide Mean Copy Number Values ju HNSCC Cell Lines.
Genome-wide plot of the mean copy number values for each of the predicted subtypes based

on the HNSCC samples in the Cancer Cell Line Encyclopedia data.

S, DETAILED DESCRIPTION OF THE INVENTION

{60271 This mvention In particuolar pon-limiting embodiments, the present mvention
provides a method for determining a prognosis for a patient with bead and neck cancer which
comprises: (a) obtaining a suitable patient sample; (b) measuring a vuclear pl6 expression
evel; and (¢) comparing the nuclear plo expression level from the paticnt sample with an
expression level for a control sample, wherein the nuclear pi6 expression level is indicative
of the prognosis for the pationt with head and neck cancer,

[0028] In yet another embodiment, the invention provides a method for determining 8
prognosis for a patient with head and neck cancer which comprises: (a) obtaining a suitable
patient sample; (b) measuring a level of CCNDY; and {¢) comparing the level of CCNDI
frora the patient saraple with a level of CCND1 for a control saraple, wherein the level of
CCNDI is indicative of the prognosis for the paticnt with head and neck cancer.

16029] In alternative embodiments, the invention provides a method for determining a
prognosis for a paticot with a solid tumor which coraprises: (a) obtaining a suttable patient
sample; (b) measuring pl6 and RB1 genotypes, a CCND1 copy number, and a pl6 nuclear
protein expression level; and (¢) comparing the pl6 and RBI genotypes, the CONDI copy
number, and the pl6 miclear protein expression level from the patient sample with pl6 and
RB1 genotypes, a CCNDI copy number, and a pl6 nuclear profein expression level
associated with a control sample, wherein the pl6 and RBI genotypes, the CCNDI copy
number, and the pl6 nuclear protein expression level are ndicative of the progunosis for the
patient with the solid tumor,

HHIRI) This embodiment of the invention may further comprise measuring the cxpression
of genes associated with an atypical subtype. The solid tumor may be a solid tumor of

epithelial origin, 8 squamous cell carcinoma or a melanoma.
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{6031} The invention also provides method for determining an appropriate radiation
and/or chemotherapy protocol, the likelihood of cancer recurrence, monitoring the progress
of a treatment protocol for a patient with head and neck cancer which comprises: (a)
obtaining a suitable patient sample; (b) measuring 8 nuclear pl6 expression level; and (¢}
comparing the nuclear pl6 expression level from the patient sample with a level associated
with a conirol sample, wherein the nuclear pl6 expression level is indicative of the
appropriate radiation and/or chemotherapy protocol, the likelihood of cancer recurrence, or
monitoring the progress of a treatment protocol.

60321 In these methods, the nuclear pl6 expression level may be reduced and the
reduction is due to mutations or copy mumnber loss, The mutations may be acquired (or
somatic) mutations or hereditary rmmutations. The expression may be reduced due to
methylation. The method may further comprise measuring levels of RBI and p533 and a
reduced level of RBI or p53 in combination with a reduced muciear pl6 expression level
indicates a poor prognosis. Alternatively, the method may further comprise measuring levels
of COND1 or levels of expression associated with the atypical subtype wherein increased
levels of COND or levels of expression associated with the atypical subtype are indicative of
a poor progunosis. The roethod may also turther comprises measuring a cytoplasmic pl6
expression level, wherein if the nuclear pl6 expression level is reduced and the cytoplasmic
p16 level 1s elevated in indicative of a particularly poor prognosis.

[B033) The invention also includes methods of selecting patients for treatment by both
radiation and chemotherapy. In particular, low nuclear p16 expression levels indicate a poor
prognosis thus a patient that previously would have received just radiation as the standard
care should receive both radiation and chemotherapy. Alternatively, elevated nuclear pl6
expression levels indicate a good prognosis thus a patient that previously would have
received both radiation and chemotherapy as the standard care, should receive only radiation.

[8034] The expression levels may be measured by an mRNA assay or a protein assay
such as antibodies. The patient sample may be a biopsy sample, a FFPE sample or 2 lyoph
node biopsy sarpie. The head and neck cancer may be a squamous ccll carcinoma (SCCh.
The head and neck cancer may be a hypopharynx, a glottis larynx, a larynx, a hip, a

nasopharynx, an oral cavity, a salivary gland, a sinus, or a superglottic larynx cancer.
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[6035] The invention alse includes methods of identifying patients for particular
treatments or selecting patients for which a particular treatment would be desirable or
contraindicated.

6036} The methods above may be performed by a reference laboratory, a hospital
pathology laboratory or a doctor. The methods above may further comprise an algorithm. For
example an algorithm to analyze the nuclear pl6, RBU and p53 expression levels or an
algorithin to analyze expression levels associated with particular subtypes of head and neck
cancer.

60371 Kits to practice the methods described herein are also provided.

{6038} Unlike roethods previously described, the methods described hercin may be
widely used in all types of head and neck cancer. These methods are independent of smoking
status or HPV status.

[B039] P16 INVENTION

[6040] Background: Recently the maenagement of head and neck squamous cell
carcinoma {HNSCC) has focused considerable attention on biomarkers, which may influence
outcomes. Tests for human papilloma infection, inchuding divect assessment of the virus as
well as an associated tumor suppressor gene plé, are considered reproducible. Tumors from
familial melanoma syndromes, have suggested that nuclear localization of pl6 might play a
further role in risk stratification. We hypothesized pl6 staining that considered nuclear
localization might be informative for predicting outcomes in a broader set of HNSCC turors
not limited to the oropharyox, HPV status or by smoking status.

16041 ] Methods: Patients treated for HNSCC from 2002 to 2006 at UNC hospitals that
had banked tissue available were ehigible for this stady. Tissae microarrays (TMA) were
generated in triplicate.  Imumunohistochemical (IHC) staining for pl6 was performed and
scored separately for nuclear and cytoplasmic staining. Human papilloma virus (HPV)
staining was also carried out using mounoclonal antibody E6H4. pl6 expression, HPV status
and other chinical features were correlated with progression-free (PFS) and overall survival
{OS).

{6642} Resuits: 135 patients had sufficient sample for this analysis. Median age at
diagnosis was 57 vears {range 20-82), with 68.9% males, 8.9% never smookers and 32.6 %

never drinkers. Three year O8 rate and PFS rate was 63.0% and 54.1%, respectively. Based
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on the pi6 staining score, patients were divided into three groups: high nuclear, any
cvtoplasmic staining group (HN}, low nuclear, low cytoplasmic staining group (L.5) and high
cytoplasmic, low vuclear staining group (HC). The HN and the LS groups had significantly
better overall survival than the HC group with hazard ratios of 0.1 and 0.37, respectively,
after controlling for other factors, including HPV status. These two groups also had
significantly better progression-free survival than the HC staining group. This finding was
consistent for sites outside the oropharynx, and did not require adjustment for smoking status,
{6043} Conclusions: Different pl6 protein localization suggested different survival
outcomes in a manner that does not require limiting the biomarker to the oropharynx and
does not require assessment of smoking status. A biomarker that roore precisely captures the
biology of both smoking and tumor site, and that unifies the froquent discrepancies betwee
HPV staining and pl6 staining would be welcome.

[0044] Recently our group reported that pl6 staining was prognostic in a set of young
patients with HNSCC who were confirmed HPVY negative by PCR and iz sires hybridization,
(Harris er af., 2010b), feading us to question whether pl16 alone could be extended to evaluate
risk outside the oropharynx.

13045] Smoking and HPV infection are two iroportant ctiologies of pl6 alteration n
HNSCC, In HPV infected patients, the protein RB1 is inactivated by viral oncoprotein E7,
leading to a high and nuclear localized pl16 expression (Andl er af., 1998; Li er af., 2004;
Marur ef al., 2010; Wiest et o/, 2002). To contrast, in sitaations where pld is retained but
altered in function by mutation or other genetic events, we may still observe modest to high
pl6 expression, but with abnormal cellular localization. In many additional smoking patients,
pl6 can be lost via more deleterions genetic or epigenetic changes, such as homozygous
deletion, nonsense mutation, or perhaps methylation and gene silencing. On the basis of these
etiologic differences, we expected to observe distinct patterns in p16 IHC staining. Similar
hypotheses of pl6°s role in prognosis have been tested in other tumor types. For example, in
high-grade astrocytoma, a study has shown that nucleus-located pl6 is associated with better
disease outcome while cytoplasmic pli6 indicates worse patients’ survival {Arifin er .,
20065, In other tumor types, including endometrial cancers, melanoma, and astrocytomas
(Arifin ef af., 2006; Emig e al., 1998; Ghiorzo et al., 2004; Milde-Langosch ef al, 2001 ;

Salvesen et @f., 2000; Straume er al., 2000), reports also exist where pl6 localization is
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associated with disease outcomes. As pl6 protein acts as a cell cycle mhibitor in the nucleus,
we proposed that nuclear pl6 staining and cytoplasmic pl6 staining may have a distinct
prognostic effect in HNSCC. We tested this hypothesis 1o a population-based patient cohort —
the Caroling Head and Neck Cancer Study (CHANCE),

[6046] BNSCC SUBTYPES

8047} Head and neck squamous cell carcinoma (HNSCC) is a heterogencous discase
whose underlying eticlogy has not been explained by traditional prognostic factors such as
ftmor site, TNM stage, and HPV status.  Although previous studies have detected molecular
sabtypes of HNSCC, these subtypes have not been validated in independent datasets or
detected tn cell Hoes, nor has the bencfit of such a classification scheme been fully realized.
We show that molecular subtypes of HNSCC exist; that these subtypes have distinct patterns
of chromosomal gain and loss, some of which affect canonical oncogenes and tumor
suppressors; and that the subtypes are biologically and climcally relevant. In addition, we
validate our findings in independent tumor, cell line, and tissue microarray datasets. These
subtypes provide new insight into HNSCC eticlogy, as well as a valuable method for
classifying HNSCC tumors.

130481 The bioraarkers of the invention joclude genes and proteins. Such biomarkers
inchude DINA comprising the entire or partial sequence of the nucleic acid sequence encoding
the biomarker, or the complement of such a sequence. The biomarker nucleic acids also
inchade RNA comprising the ontire or partial sequence of any of the nucleic acid sequences
of interest. A biomarker protein 15 a protein encoded by or corresponding to a8 DNA
biomarker of the invention. A biomarker protein comprises the entire or partial amino acid
sequence of any of the biomarker proteins or polypeptides. Fragments and variants of
biomarker genes and proteins are also encompassed by the present invention, By “fragment”
is intended a portion of the polynucleotide or a portion of the amino acid sequence and hence
protein encoded thereby. Polynucleotides that are fragments of a biomarker nucleotide
sequence generally comprise at least 10, 15, 20, 56, 75, 100, 150, 200, 250, 300, 350, 400,
450, 500, 550, 600, 650, 700, €00, 900, 1,000, 1,200, or 1,500 contiguous nucleotides, or up
to the number of nucleotides present in a full-length biomarker polynucieotide disclosed
herein. A fragment of a biomarker polymucieotide will generally encode at least 15, 25, 30,

56, 100, 150, 200, or 250 configuous amino acids, or up 1o the total number of amino acids
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present in a full-length biomarker protein of the invention. “Variant” is intended to mean
substantially similar sequences. Generally, variants of a particuiar biomarker of the invention
will have at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
2%, 93%, 94%, 95%, 6%, 97%, 98%, B9% or more sequence identity to that biomarker as
determined by sequence alignment programs.

[8049] The biomarkers of the invention include genes and proteins. Such biomarkers
inchide DNA comprising the entire or partial sequence of the nucleic acid sequence encoding
the biomarker, or the complement of such a sequence. The biomarker nucleic acids also
mnchide RMNA comprising the entire or partial sequence of any of the nucleic acid sequences

of interest. A biomarker protein is a protein encoded by or comresponding to a DNA
biomarker of the invention. A biomarker protein comprises the entire or partial amino acid
sequence of any of the biomarker proteins or polypeptides. Fragments and variants of
biomarker genes and proteins are also encoropassed by the present invention. By “fragment”
is intended a portion of the polynucleotide or a portion of the amino acid sequence and hence
protein encoded thereby. Polynucleotides that are fragments of a biomarker nucleotide
sequence generally comprise at least 10, 15, 20, 530, 75, 100, 150, 200, 250, 300, 350, 400,
450, 500, 550, 600, 650, 700, 800, 900, 1,000, 1,200, or 1,500 contiguous nucieotides, or up
to the mumber of nucleotides present in a full-length biomarker polymucleotide disclosed
heretn. A fragment of a biomarker polynucleotide will generally encode at least 15, 25, 30,
50, 100, 156, 200, or 250 contiguous amino acids, or up to the total number of amino acids
present in a full-length biomarker protein of the invention. “Variant” is intended to mean
substantially similar sequences. Generally, variants of a particalar biomarker of the invention
will have at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, %0%, %1%

2%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more sequence identity to that biomarker as
determined by sequence alignment progrars,

{0056} A “biomarker” is a gene or protein whose level of expression in 8 tissue or cell is
altered corapared to that of a normal or healthy cell or tissue. The biomarkers of the present
invention are genes and proteins whose overexpression correlates with cancer, particularly
head and neck cancer, prognosis. As used herein, “overexpression” means expression greater
than the expression detected in normal, non-capcerous tissue. For example, an RNA

franscript or s expression product that is overexpressed i a cancer cell or tissue may be
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expressed at a level that is 1.5 times higher than in a in normal, non-cancercus cell or tissue,
such as 2 times higher, 3 tirnes higher, § times higher, or more times higher.

{8052] In some erbodiments, overcxpression, such as of an RNA transcript or s
expression product, is determined by normalization to the level of reference RNA transcripts
or their expression products, which can be all measured transcripts (or their products) in the
sample or a particular reference set of RNA transcripts (or their products), Normalization is
performed to correct for or normalize away both differences in the amount of RNA assayed
and variability in the quality of the RNA used. Therefore, an assay typically measures and
incorporates the expression of certain normalizing genes, including well known housekeeping
genes, such as, for exarople, GAPDH and/or B-Actin. Alternatively, norralization can be
based on the mean or median signal of all of the assayed biomarkers or a large subsct thercof
(global normalization approach).

[B0S3) In particular embodiments, selective overexpression of a  blomarker or
combination of biomarkers of interest in g patient sample is indicative of a poor cancer
prognosis. By “indicative of a poor prognosis” is intended that overexpression of the
particular biomarker or combination of biomarkers s associated with an increased likelihood
of relapse or recurrence of the underlying cancer or turnor, metastasis or death. For example,
“indicative of a poor prognosis” may refer to an increased likelihood of relapse or recurrence
of the underlying cancer or tumor, metastasis, or death within ten years, such as five years. In
other aspects of the invention, the absence of overexpression of a biomarker or cornbination
of biomarkers of intercst is indicative of a good prognosis. As used herein, “indicative of a
good prognosis” refers to an increased likelthood that the patient will remain cancer-free. In
some embodiments, “indicative of a good prognosis” refers to an increased likelihood that the
paticnt will rernain cancer-free for ten years, such as five years.

5.1. samples

[8034] In particolar embodiments, the methods for evaloating head and neck caucer
prognosis include collecting a patient body sample having a cancer cell or tissue, such as a
head and neck tissuc sample or a primary head and neck tumor tissue sample. The head and
neck sample may be from the larynx with following three anatomical regions: (1) supraglottic
larynx includes the epiglottis, false vocal cords, ventricles, aryepiglottic folds, and

arvtenotds; (1) glottis includes the true vocal cords and the anterior and posterior
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commissures; and the subglottic region begins abowt 1 cm below the true vocal cords and
extends to the lower border of the cricoid cartilage or the first tracheal ring. The sample may
be from the lip or the oral cavity, c.g., buccal mucosa, lower gingiva, upper gingiva, hard
palate, Hp, tloor of mouth, retromolar trigone, or anterior two thirds of tongue. The sample
may be from the oropharynx, e.g., the base of the tongue including the pharyngoepiglottic
tolds and the glossoepiglottic folds; the tonsillar region including the fossa and the anterior
and posterior pillars; the soft palate, including the uvula; or the pharyngeal walls.

HIRRY By “body sample” is intended any sampling of cells, tissues, or bodily fhnds in
which expression of a biomarker can be detected. Examples of such body samples inclade,
but are not hmited to, biopsies and smears. Bodily fluids useful in the present juvention
inchude blood, tymph, urine, saliva, nipple aspirates, gynecological fluids, or any other bodily
secretion or derivative thereof. Blood can include whole blood, plasma, serum, or any
derivative of blood. Tn some embodiments, the hody sample inchudes head and neck cells,
particularly head and neck tissue from a biopsy, such as a head and neck tumor tissue sample.
Body samples may be obtained from a patient by a variety of techniques inchuding, for
example, by scraping or swabbing an area, by using a needle to aspirvate cells or bodily fluids,
or by removing a tissue sample (L.c., biopsy). Methods for collecting various body samples
arc well known in the art. In some embodiments, a head and neck tissue sample is obtained
by, for exampie, fine needle aspiration biopsy, core needie biopsy, or excisional biopsy.
Fixative and staining solutions may be applied to the cells or tissues for preserving the
specimen and for facilitating examination. Body samples, particularly head and neck tissue
samples, may be transferred to a glass slide for viewing under magnification. In one
embodiment, the body sample is a formalin-fixed, paratfin-embedded (FFPE) head and neck
fissue sarmaple, particularly a primary head and neck turnor sample.

5.2. Compeositions and Kits

[8036] The imvention provides compositions and kits for determining the prognosis of a
patient with head and neck cancer which comprises: (a) a means for measuring a nuclear plé
expression level; and (b) instructions for comparing the nuclear pl6 expression level from
patient sample with a nuclear pl6 expression fevel for a patient control, wherein a reduced
nuclear pl6 expression level is indicative a poor prognosis for the patient with head and neck

Cancer.
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{60571 Alternatively, the invention provides a kit comprising: a reagent selected from a
group consisting oft {a) nucleic acid probes capable of specifically hybridizing with nacleie
acids from pl6; (b) a pair of nucleic acid primers capable of PCR amplification of plé6; (¢}
antibodies specific for pl6; and {d) instructions for use in measuring nuclear pl6 cxpression
fevels in a tissue sample from a patient with head and neck cancer.

HHIRRY Any methods available in the art for detecting cxpression of biomarkers are
encompassed hercin. The expression of a biomarker of the invention can be detected on a
nucleic acid level {e.g., as an RNA transcript} or a protein level. By “detecting expression” i3
mtended determining the quantity or presence of an RNA transcript or ifs expression produoct
of a biomarker gene. Thus, “detecting expression” enconpasses instances where a biomarke

is determined not 10 be expressed, not to be detectably expressed, expressed at a low level,
expressed at a normal level, or overexpressed. In order to determine overexpression, the body
sample to be exarnined can be compared with a corresponding body sample that originates
from a healthy person. That is, the “normal” level of expression is the level of expression of
the biomarker in, for example, a head and neck tissue sample from a human subject or patient
not afflicted with head and neck cancer. Such a sample can be present in standardized form.
In some embodiments, determunation of biomarker overexpression requires uo COmparison
between the body sample and a corresponding body sample that originates from a healthy
person. For example, detection of overexpression of a biomarker indicative of a poor
prognosis in a head and neck tumor sarmaple may preclude the need for comparison 0 a
corresponding head and neck tissue sample that originates from a healthy person. Moreover,
in some aspects of the invention, no expression, underexpression, or normal expression (1.e.,
the absence of overexpression) of a biomarker or combination of biomarkers of interest
provides useful information regarding the prognosis of a head and neck cancer patient.

60601 Methods for detecting cxpression of the biomarkers of the invention, that is, gene
expression profiling, inchide methods based on hybridization analysis of polynucleotides,
methods based on sequencing of polynucleotides, imununohistochernistry methods, and
proteomics-based methods. The most commonly used methods known in the art for the
quantification of mRNA expression in a sample inclade northern blotting and in situ
hybridization (Parker and Barnes, Methods Mol Biol 106:247-33, 1999), RNAse protection

assays (Hod, Riotechnigues 13:852-54, 1992), PCR-based methods, such as reverse
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transcription PCR(RT-PCR) (Weis e @, TIG 3:263-64, 1992), and array-based methods
{(Schena er al., Science 270:467-70, 1995). Alternatively, antibodies may be employed that
can recognize specitic duplexes, including DNA duplexes, RNA duplexes, and DNA-RNA
hybrid duplexes, or DNA-protein duplexes. Representative methods for sequencing-based
gene expression analysis include Serial Analysis of Gene Expression (SAGE) and gene
expression analysis by roassively parallel signature sequencing.

6061 ] The term “probe” refers to any molecule that is capable of sclectively binding to a
specifically intended target biomolecule, for example, a nucleotide transeript or a protein
encoded by or corresponding to a bigmarker. Probes can be synthesized by one of skill in the
art, or dertved from appropriate biological preparations. Probes may be specifically designed
to be labeled. Examples of molecules that can be utilized as probes inchude, but are not
limited to, RNA, DNA, proteins, antibodics, and organic molecules.

18062] Hybridization Analysis OF Pelynucleotides

16063} In some embodiments, the expression of a biomarker of intercst 18 detected at the
nucleic acid level. Nucleic acid-based techniques for assessing expression are well known in
the art and inclade, for example, determining the level of biomarker RNA transcripts (i.e.,
mRNA) 1o a body sample. Many expression detection methods use isolated RNA. The
starting material 15 typically total RNA isolated from a body sample, such as a tumor or
tumor cell ling, and corresponding normal tissue or cell line, respectively. Thus RNA can be
isolated from a variety of pritaary tumors, fncluding breast, lung, colon, prostate, brain, liver,
kidney, pancreas, spleen, thymus, testis, ovary, uterus, and the like, or tumor cell lines. If the
source of mRNA is a primary {fumor, mRNA can be extracted, for example, from frozen or
archived paraffin-embedded and fixed (e.g., formalin-fixed) tissue samples.

[B3064] General methods for mRNA extraction are well known in the art and are disclosed
in standard textbooks of molecular biology, ncluding Ausubel e7 o/, od., Current Protocols in
Molecular Biology, John Wiley & Sons, New York 1987-1999. Methods for RNA extraction
from paraffin embedded tissues are disclosed, for example, in Rupp and Locker (Lab fnvest.
56:A67, 1987) and De Andres er af. (Biotechnigues 18:42-44, 1995), In particular, RNA
isolation can be performed using a purification kit, a buffer set and protease from commercial
manufacturers, such as Qiagen (Valencia, Califl), according to the manufacturer's

fostractions. For example, total RNA from cells in culture can be isolated using Qiagen
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RNeasy mini-columms. Other commercially available RNA  isolation kits inchide
MasterPure™ Complete DNA and RNA Puarification Kit (Epicentre, Madison, Wis.) and
Paratfin Block RNA Isolation Kit (Ambion, Austin, Tex.), Total RNA from tissue samples
can be isolated, for example, using RNA Stat-60 (Tel-Test, Friendswood, Tex.). RNA
prepared from a tumor can be isolated, for example, by cesiuvm chloride density gradient
centrifugation. Additionally, large numbers of tissue samples can readily be processed using
techniques well known to those of skill in the art, such as, for example, the single-step RNA
isolation process of Chomezynski (U.S. Pat. No. 4,843,155

[8066] Isolated mRNA can be used in hybridization or amplification assays that inclade,
but are not bmited to, Southern or Northern analyses, PCR analyses and probe arrays, One
method for the detection of mRNA levels involves contacting the isolated mRNA with a
nucleic acid molecule (probe} that can hybridize to the mRNA encoded by the gene being
detected. The nucleic acid probe can be, for example, a full-length ¢cDNA, or a portion
thereof, such as an oligonucleotide of at least 7, 15, 30, 50, 100, 250, or 500 nucleotides in
length and sufficient to specifically hybridize under stringent conditions to an mRNA or
genomic DNA encoding a biomarker of the present invention. Hybridization of an mRNA
with the probe indicates that the biomarker in question is being expressed.

160671 In one embodiment, the mRNA is immobilized on a solid surface and contacted
with a probe, for example by running the isolated mRNA on an agarose gel and transferring
the mRNA from the gel to 2 membrane, such as nitroceltulose. Tn an alternative embodiment,
the probes are immobilized on a solid surface and the mRNA is contacted with the probes, for
example, in an Agilent gene chip array. A skilled artisan can readily adapt known mRNA
detection methods for use in detecting the level of mRNA encoded by the biomarkers of the
present invention.

HHESY An alternative method for determining the level of biomarker mRNA in a sample
mnvolves the process of nucleic acid amplification, for example, by RT-PCR (11.S. Pat. No.
4,683,202), hgase chain reaction (Barany, Proc. Natl. Acad. Sci. US4 8R:189-93, 1991, self-
sustained sequence rephication (Guateli ef al., Proc. Natl, Acad. Sci. US4 87:1874-74, 19903,
transcriptional amplification system (Kwoh er ¢l., Proc. Natl. Acad. Sci. USA 86:1173-77,
1939, Q-Beta Replicase (Lizardi er @l Bio/Technology 6:1197, 1983), rolling circle

replication (U.S. Pat. No. 5,354,033), or any other nucleic acid amplification method,
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followed by the detection of the amplified molecules using techniques well known to those of
skill in the art. These detection schemes are especially aseful for the detection of nucleic acid
molecules if such molecules are present in very low numbers. In particular aspects of the
invention, biomarker expression is assessed by quantitative fluorogenic RT-PCR (ie., the
TagMan® System). For PCR analysis, well known methods are available in the art for the
determination of primer sequences for use in the analysis.

EHI Biomarker expression levels of RNA may be monitored using a membrane blot
(such as used in hybridization analysis such as Northern, Southern, dot, and the like), or
microwells, sample tubes, gels, beads, or fibers (or any sohd support comprising bound
nucleie acids). See, for example, U.S. Pat, Nos. 5,770,722, 5,874,219, 5,744,305, 5,677,195
and 5,445,934, The detection of biomarker expression may also comprise using nucleic acid
probes in solution.

[B072) In one cmwbodiment of the invention, microarrays are used to detect biomarker
expression, Microarrays are particularly well suited for this purpose because of the
reproducibility between different experiments. DNA microarrays provide one method for the
simultaneous measurernent of the expression levels of large nambers of genes. Each array
cousists of a reproducible pattern of capture probes attached to a solid support. Labeled RNA
or DNA is hybridized to complementary probes on the array and then detected by laser
scanning Hybridization intensities for each probe on the array are determined and converted
to a quantitative value representing relative gene expression levels, See, for example, US.
Pat. Nos. 6,040,138, 5,800,992 and 6,020,135, 6,033,860, and 6,344,316, High-donsity
oligonucleotide arrays are particalarly useful for determining the gene expression profile for a
large number of RNAS in a sample.

16073 Technigues for the synthesis of these arrays using mechanical synthesis methods
are described in, for cxample, U.S. Pat. No. 5,384,261, Although a planar array surface is
generally used, the array can be fabricated on a surface of virtually any shape or even a
multiplicity of surfaces. Arrays can be nucleic acids {or peptides) on beads, gels, polymeric
surfaces, fibers (such as fiber optics), glass, or any other appropriate substrate. See, for
example, LS. Pat. Nos. 5,770,358, 5,785,162, 5,708,153, 6,040,193 and 5,800,992, Arrays
can be packaged in such a manner as to allow for diagnostics or other manipulation of an all-

591,

inclugive device. See, for exaraple, U.S. Pat. Nos. 5,856,174 and 5.¢
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[6875] In a specific embodiment of the microarray technique, PCR amplified inserts of
cENA clones are applied to a substrate in a dense array. For example, at least 10,000
nucleotide sequences are applied to the substrate. The microarrayed genes, tmmobilized on
the microchip at 10,000 clements each, are suitable for hybridization under stringent
conditions. Fluorescently labeled ¢DNA probes can be generated through incorporation of
fluorescent nucleotides by reverse transcription of RNA extracted from tissues of interest
Labeied cDNA probes applied to the chip hybridize with specificity to cach spot of DNA on
the array. After stringent washing to remove non-specifically bound probes, the chip is
scanned by confocal laser microscopy or by another detection method, sach as a CCD
camera. Quantitation of hybridization of ecach arrayed eclement allows for assessment of
corresponding mRNA abundance.

[30G76] With dual color fluorescence, separately labeled ¢DNA probes generated from
two sources of RNA are hybridized pavrwise to the array. The relative abundance of the
transcripts from the two sources corresponding to cach specitied gene 15 thus determined
simuftanecusly. The miniaturized scale of the hybridization affords a convenient and rapid
evahiation of the expression pattern for large nambers of genes. Such methods have been
shown to have the sensitivity required to detect rare transcripts, which are expressed at a fow

copies per cell, and to reproducibly detect at least approximately two-fold differences in the

R

expression levels (Schena e @f., Proc. Nail. Acad. Sci. USA 93:106-49, 1996). Microarray
analysis can be performed by commercially available equipment, following manufacturer’s
protocols, such as by using the Affymetrix GenChip technology, or Agilent ink-jet
microarray technology. The development of microarray methods for large-scale analysis of
gene expression makes it possible to search systematically for molecular markers of cancer
classification and outcome prediction in a varicty of tumor types.

160781 Serial analysis of gene expression (SAGE) is a method that allows the
simultancous and quantitative analysis of a large number of gene transeripts, without the need
of providing an individual bybridization probe for cach transcript. First, a short sequence tag
(about 10-14 bp) is generated that contains sufficient information to uniguely identify a
transcript, provided that the tag is obtained from a unique position within each transcript.
Then, many transcripts are linked together to form long serial molecules, that can be

sequenced, revealing the identity of the multiple tags stmultancously. The expression patiemn
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of any population of transcripts can be quantitatively evaluated by determining the abundance
of mndividual tags, and identitying the gene corresponding to each tag. See, Velculescu e o,
{(Science 270:484-87, 1995; Celi §5:243-51, 1997).

16079 An additional method of biomarker expression analysis at the nucleic acid level is
gene expression analysis by massively parallel signature sequencing (MPSS), as described by
Brenner ef af. (Not. Riotech. 13:630-34, 2000). This is a sequencing approach that combines
non-gel-based signature sequencing with in vitro cloning of millions of templates on separate
5 udM diameter microbeads, First, a microbead hibrary of DNA templates is constructed by in
vitro cloning. This is followed by the assembly of a planar array of the template-containing
microboads in a flow cell at a high density (typically greater than 3.0x10° microbeads/cm®).
The free ends of the cloned templates on cach microbead are analyzed simultancously, using
g flhuorescence-based signature sequencing method that does not require DNA fragment
separation. This method has been shown to simultancously and accurately provide, in a single
operation, hundreds of thousands of gene signature sequences from a yeast cDNA library.
16080] Epigenetic Modifications

HIETY The methods of the present invention may alse be sccompanied by and/or
supplemented by methods for detecting post-translational modifications or epigenetic
changes such as acetylation, methylation, phosphoryviation, sumoylation, or ubiguitylation.
Such epigenetic changes may occur on proteins, such as histone acetylation, kinase
phosphorylation, or nucleic acids such as the 5 methvl cytosine or 5'hydromethyl cytosine
formation at Cp(s sites.

{6082} Methods for measuring epigenetic changes are known in the art, e.g., for nucleic
acids: EP 1488008 Bi (Berlin), US Pat. Nos. 7,960,112 (Budiman er al),
{(Levenson & Gartenhaus); 7,611,869 (Fany, 7,364,855 (Anderson et ¢l ) ; PCT Pub. Nos, WO
2010/08638% (Weinhausel ef @l.); WO 2005/071106 (Berliny, WO 2005/033332 (Distler);
WO 2003/023065 (Wang er al.y; WO 1997/046705 (Herman & Baylin); for proteins US Pat,

No. 7,074,578 (Kouzarides and Santos-Rosa).

,666,589

~

[0083] Immunehistochemisiry
{6084} Immunchistochemistry methods are also suitable for detecting the expression
levels of the biomarkers of the present iuvention. In one embodiment, a patient head and neck

fissue sample is collected by, for example, biopsy techniques known in the art. Samples can
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be frozen for later preparation or immediately placed in a fixative solution. Tissue samples
can be fixed by treatment with a reagent, such as formalin, gluteraldehyde, methanol, or the
like and embedded in paratfin. Methods for preparing slides for mmmunohistochemical
analysis from formalin-fixed, paraffin-embedded tissue samples are well known in the art,
[B085] In some instances, samples may need to be modified in order to make the
biomarker antigens accessible to antibody binding. For example, formalin fixation of tissue
samples results in extensive cross-linking of proteins that can lead to the masking or
destruction of antigen sites and, subsequently, poor antibody staining As used herein,
“antigen retrieval” or “antigen unmasking” refors to methods for increasing antigen
accessibility or recovering anfigenicity i, for example, formalin-fixed, paratfin-embedded
tissue samples. Any method for making antigens more accessible for antibody binding may
be used in the practice of the invention, including those antigen retrieval methods known in
the art. See, for example, Hanausck and Walaszek, eds. (1998) Tumor Marker Protocols
(Humana Press, Inc., Totowa, N.1.} and Shi er @, eds. (2000) Antigen Retrieval Technigues:
Immunohistochemistry and Molecular Morphology (Eaton Publishing, Natick, Mass. ).

[B087] Antigen retrieval methods include but are not limnited to treatment with proteolytic
cuzymes {(C.g., trypsin, chymotrypsin, pepsin, pronase, and the like) or antigen retrieval
solutions. Antigen retrieval solutions of interest include, for exaraple, citrate buffer, pH 6.0,
Tris buffer, pH 9.5, EDTA, pH 8.0, L.AB. {(“Liberate Antibody Binding Solution,”
Polysciences, Warrington, Pa.), antigen retrieval Glyca solution (Biogenex, San Rargon,
Calif)), curate buffer solution, pH 4.0, Dawn® detergent (Proctor & Gamble, Cincinnati,
Ghio}, deionized water, and 2% glacial acetic acid. In some embodiments, antigen retrieval
comprises applying the antigen retrieval solation to a formalin-fixed tissue sample and then
heating the sample in an oven (e.g., at 60° C.}, steamer (¢.g., at 95° C.), or pressure cooker
{e.g., at 1207 C.) at specified temperatives for defined time periods. In other aspects of the
mvention, antigen retrieval may be performed at room temperature. Tncobation times will
vary with the particalar antigen retricval solution selected and with the iucubation
temperature. For example, an antigen retricval solution may be applied to a sample for as
little as S, 10, 20, or 30 mimutes or up to overnight. The design of assays to determine the
appropriate antigen retrieval solution and optimal incubation times and terperatures is

standard and well within the routine capabilities of those of ordinary skill in the art.
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{6088} Following antigen retrieval, samples are blocked using an appropriate blocking
agent {e.g., hydrogen peroxide). An antibody directed to a biomarker of interest i3 then
mcubated with the sarople for a timme sutficient to permit antigen-antibody binding, In
particular embodiments, at least five antibodies directed to five distinct biomarkers are used
to evaluate the prognosis of a head and neck cancer patient. Where more than one antibody is
used, these antibodies may be added to a single sarople sequentially as individual antibody
reagents, or simultancously as an antibody cocktail. Alternatively, each individual antibody
may be added to a separate tissue section from a single patient sample, and the resulting data
pooled.

60901 Technigues for detecting antibody binding are well known in the art. Antibody
binding to 3 biomarker of interest can be detected through the use of chemical reagents that
generate a detectable signal that corresponds to the level of antibody binding, and,
accordingly, to the level of biomarker protein expression. For exarmple, antibody binding can
be detected through the use of a secondary antibody that is conjugated to a labeled polymer.
Examples of labeled polymers inchide but are not limited to polymer-enzyme conjugates. The
enzymes in these complexes are typically used to catalyze the deposition of a chromogen at
the auntigen-antibody binding site, thereby resulting in cell or tissue staining that corresponds
to cxpression level of the biomarker of imterest. Enzymes of particular interest inchude
horseradish peroxidase (HRP) and alkaline phosphatase (AP). Commercial antibody detection
systems, such as, for example the Dako Envision+system (Glostrup, Denrark) and Biocare
Medical's Mach 3 system {(Concord, Calif.}, can be used to practice the present invention.
{6091 ] The terms “antibody” and “antibodies” broadly encompass paturally occurring
formos of antibodies and recombinant antibodies such as single-chain antibedies, chimeric and
humanized antibodies and multi-specific antibodies as well as fragments and derivatives of
all of the foregoing, which fragments and derivatives have at least an antigenic binding site,
Antibody derivatives may comprise a protein or chemical motety conjugated to the antibody.
The antibodies used to practice the invention are selected to have specificity for the
biomarker proteins of interest. Methods for making antibodies and for selecting appropriate
antibodies are known in the art See, for exampie, Celis, ed. (2006) Cell Riviogy: A
Laboratory Handbook, 3rd edition (Elsevier Academic Press, New York) In some
embodiments, commercial antibodies divected to specific biomarker proteins can be used to
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practice the invention. The antibodies of the invention can be selected on the basis of
desirable staining of histological samples. That 15, the antibodies are selected with the end
saraple type (e.g., formalin-fixed, paratiin-embedded head and veck turor tissue sarples) in
mind and for binding specificity,

{8093} Detection of antibody binding can be facilitated by coupling the antibody to a
detectable substance. Examples of detectable substances include various enzyres, prosthetic
groups, fluorescent materials, luminescent materials, bioluminescent materials, and
radioactive materials. Examples of suitable enzymes include horseradish peroxidase, alkaline
phosphatase, B-galactosidase, and acetylcholinesterase. Examples of suitable prosthetic group
complexes juchude streptavidinvbiotin and avidin/biotin, Examples of suitable fluorescent
materials  include umbeliiferone, fluorescein, fluorescein  isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyi chloride, and phycoerythrin. An example of a
tuminescent material is lamanol. Examples of bioluminescent materials include luciferase,
haciferin and aequorin, Examples of suitable radiocactive materials include 1250 138G and
“H.

[6094] In regard to detection of antibody staining in the immanohistochemistry methods
of the mvention, there also exist in the art, video-microscopy and software methods for the
quantitative determination of an amount of multiple molecular species (e.g., biomarker
proteins) in a biclogical sample where each molecular species present is indicated by a
representative dye marker having a specific color. Such methods are also known in the art as
colorimetric analysis methods. In these methods, video-microscopy is used to provide an
image of the biological sample after it has been stained to visually indicate the presence of a
particular biomarker of interest. See, for example, U.S. Pat. Nos. 7,065,236 and 7,133,547,
which disclose the use of an imaging system and associated software to determine the relative
amounts of each molecular specics present based on the presence of representative color dye
markers as indicated by those color dye markers' optical density or transmittance value,
respectively, as determined by an jmnaging system and associated software, These techniques
provide quantitative determinations of the relative amounts of each molecular species in 8
stained biological sample using a single video image that is “deconstructed” into its
component color parts.

{8095] Proteomics
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[6096] The term “proteome” is defined as the totality of the proteins present in a sample
{e.g., tissue, organism or cell culture) at a certain point of time. Proteomics includes, among
other things, study of the global changes of protein expression in a sarople {also referred 1o as
“expression proteomics”). Proteomics typically inciudes the following steps: (1) separation of
individual proteins in a sample by 2-D gel electrophoresis {2-D PAGE) or liguid/gas
chromatography; (2) identification of the individual proteins recovered from the gel or
contained within a column fraction, for cxample, by mass spectrometry or N-termunal
sequencing, and (3) analysis of the data using bicinformatics. Proteomics methods are
valuable supplements to other methods of gene expression profiling, and can be used, alone
or in combination with other methods, to detect the products of the biomarkers of the preseut
mvention.

[6097] Kits

{B098] Kits for practicing the methods of the invention are further provided. By “kit” 1s
intended any manufacture {¢.g., a package or a container) including at [cast one reagent, such
as a nucleic acid probe, an antibody or the like, for specifically detecting the expression of a
biomarker of the invention. The kits can be promoted, distributed or sold as units for
perfornung the methods of the present invention. Additionally, kits can contain a package
insert describing the kit and methods for its use.

[3099] In particular embodiments, kits for diagnosing and for evaluating the prognosis of
a head and neck cancer patiend including detecting biomarker overexpression at the nucleiwc
acid level are provided. Such kits are compatible with both manual and automated nucleic
acid detection techniques {(e.g., gene arrays) These kits include, for example, at least five
nucleic acid probes that specifically bind to five distinct biomarker nucleic acids or fragments
thereof,

[60161] [n other cmbodiments, kits for practicing the immunchistochemistry methods of
the invention are provided. Such kits are compatible with both maoual and antomated
immunchistochemistry techniques {e.g., cell staining). These ks include at least five
antibodies for specifically detecting the expression of at least five distinct biomarkers, Each
antibody can be provided in the kit as an individual reagent or, alternatively, as an antibody

cocktail comprising at least five antibodies directed to at least five different biomarkers.
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[80102] Any or all of the kit reagents can be provided within containers that protect them
frory the external environment, such as in sealed containers. Positive and/or negative controls
can be included in the kits 1o validate the activity and correct usage of reagents employed in
accordance with the invention. Controls can include samples, such as tissue sections, celis
fixed on glass slides, RNA preparations from tissues or cell lines, and the like, known to be
cither positive or negative for the presence of at least five different biomarkers. The design
and use of controls is standard and well within the routine capabilities of those of ordinary
skill in the art.

(601031 A method of identifying a compound that preveuts or treats head and neck cancer,
the method comprising the steps oft (a) contacting a tissue or an animal model with a
compound; (b} measuring nuclear pl6 expression levels; and (¢} comparing the nuclear pl6
expression levels in the animal model with a level associated with a control; and determining
a functional effect of the compound on the bacteria levels, thercby identifying a compound
that prevents or treats head and neck cancer.

[66104] The article “a” and “an” are used herein (o refer to one or more than one (i.e., to at
least one) of the grammatical object of the article. By way of example, “an clement” means
one or more eleroent,

[60165]  Throughout the specification the word “comprising,” or variations such as
“comprises” or “comprising,” will be understoed to imply the inclusion of a stated ¢lement,
integer or step, or group of clements, integers or steps, but vot the exclusion of any other
clement, integer or step, or group of elements, integers or steps. The present invention may
suitably comprise, consist of, or consist essentially of, the steps and/or reagents described in
the clatms.

[60106] The following Examples further illustrate the invention and are not intended to

fimit the scope of the invention.

6. EXAMPLES
6.1. Different Cellular pi6™ " Localization May Signal Different Survival
(ruteomes in Head and Neck Cancer
[68167] The Carolina Head and Neck Cancer Study (CHANCE) was a population-based

case-control study of incident HNSCC conducted from 2002 10 2006 in 46 counties 1n Central
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and Hastern North Carolina (Divaris ef al., 2010). The subceohort of 143 patients from this
study who were treated at UNC hospitals and had banked tissue available were eligible.
Paticnts with cancers of all head and veck subsites except nasopharynx (oval cavity,
oropharynx, larynx and hypopharynx) were inchuded. Treatment decisions were
recommended by the UNC Head and Neck multidisciplinary team, and based on patient age,
tumor extent, site, comorbidities and performance status. Clinwcal information was extracted
from patient charts. Patients who received complete medical care at UNC were followed by
retrospective review of the medical record for outcomes including relapse and death. Patienis
who had follow up in local institutions outside UNC were followed by requesting medical
records from the local justitution or in cases where there was 1o return of information from
the outside institution, patients deaths were queried from the Social Security Death Index and
focal obituaries in compliance with the CHANCE stuady protocols. Patients without sufficient
tumor sample for plé staining were excluded, leaving 135 patients in the analysis,  An
independent UNC TMA cohort was available for validation which our group has reported on
previously (Harris er o/, 2310a).

{00108]  Tissue microarray

(60109  Tissue microarrays {TMAs) were constructed using core samples from forralin-
fixed paraffin-embedded tumor blocks. Hematoxylin and cosin stained slides were reviewed
by two pathologists to confirm the original diagnosis. One mm microarray blocks were
constructed on a maoual tissue microarrayer-1 fromn Beecher Instruments (Sun Praivic Wi
53590% in triplicate.  Sequential four micrometer sections were cut from cach tissue
microarray. Sectioned slides were coated in paraffin and stored at 4°C until staining. A
second confirmatory tissue resource was also used for the current analysis the construction
and results of which bave been previously reported (Harris ef al., 2010a). Briefly, a TMA
{designated voung nonsmoking oral cavity cohort, YNOCC) was constructed in a sumilar
manner as above that included a cohort of 42 HNSCC between the age of 18 and 39.
Processing of tissue and reagents 18 othorwise consistent with the current methods.

I00810] plé Immunchistechemical Staining (FHC)

[80818] pl6 IHC staining was carried out in the Bond Autostainer (Leica Microsystems
Inc, Norwell MA 02061) according to the manufacturer’s THC protocol. Shides were put ina

60 degree oven to remnove excess paraffin,  Shides were then placed in the autostainer and
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dewaxed in Bond Dewax solution (AR9222) and hydrated in Bond Wash solation (AR9590).
Antigen retrieval was performed for 30 min at 130°C in Bood-Epitope Retrieval solution |
(pH 6.0, AR9961). Slides were then incubated with pl6INK4a antibody (mouse monoclonal
anti-plo antibody (MAB4133), Chemicon® International Company/Millipore Corporation,
Temecula CA 92590) for 15 minutes. Antibody detection was performed using the Bond
Polymer Refine Detection Systern {DS9E00). Stained slides were dehydrated and coverslips
added. HC was performed in the Translational Pathology Lab at UNC. After completion of
HC, slides are stored at room temperature in our laboratory and a virtual scanned copy of all
TMA shides will be kept for further reference.

{00112 HPV in sity hybridization

6031131 HPVY in situ hybridization was carried out in Ventana Benchmark X1 autostainer,
Slide deparaffinization, conditioning, and staining with INFORM HPV [H Family 16 Probe
(B; Ventana Medical Systems) were performed on the autostainer according to the
manufacturer's protocol. The probes have affinities to HPV subtypes 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58 and 66. Slides were scored as positive for HPV if a punctate or diffuse
pattern of signal was observed in the tumor nuclet.

{30114} pl6 protein expression

[B01158]  pl6 expression was assessed by pathologists who were blinded as to the clinical
data for the patients. The CHANCE TMA and the YNOCC TMA were read by two
pathologists, with any fndeterminate scores evaluated by a third pathologist. Digital images of
cells were captured (magnification x 200) using Aperic Scanscope. Tissue samples
previously shown to be pl6 overexpressors {endometrium) were used as a positive control for
fntensity scoring. Each sample was given a cytoplasmic intensity score and miclear intensity
score on a seale of 0 to 3, with intensity scored O cqual to no staining; 1, faint or focal
cytoplasmic staining; 2, moderate, diffuse staining; 3, intense and diffuse staining. The
percent of tomor cells with posttive nuclet was determined by scoring 10 microscopic fields
of 100 tumor cells cach. A semi-quantitative percenfage score was geunerated for cytoplasm
and nucleus staining for each specimen, ranging from ¢ to 100, The TMA was constructed
with the goal to obtain 3 cores per patient block. Not every block had sufficient tissues and
some cases resulted with only one or two cores. For samples that had multiple cores, mean
futensity or percentage scores across the cores were used as the final intensity or percentage
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score for that sample. A composite product score was calculated by multiplying the mean
fatensity score and mean percentage score in cytoplasm or nucleus. Based on a bimodal
distribution of the scores in oropharyux patients {dark grey in Figure 3), a nuclear product
score of 100 was used as a cutoff for nuclear staining. The 75% percentile of cytoplasmic
staining (133.4) was considered to be a cutoff for cytoplasmic staining. All samples that had
high nuclear staining also bad high cytoplasmic staining, resulting in three categories in total,
Patients with a nuclear product score > 100 were considered high nuclear staining (HNL
Patients with a product score at or above the 75th percentile of the cytoplasmic scove {(133.4)
were considered high cytoplasmic staimng (HC) if they were not in the HN group. Patients
who failed to meect criteria either for high nuclear or high cytoplasmic score were categorized
in the low staining group (LS). Based on this empirical separation, the patients were divided
into three groups; high nuclear, any cytoplasmic staining (HN), high cytoplasmie, low
nuclear staining (HC), and low vuclear and cytoplasroie staining (LS).

[00116] Statistical analysis

{60187 Al statistical analysis was performed using R 2.9.2 software (http//cran.r-
project.org). Baseline characteristics of patients from each group {(HN, HC, LS) were
compared using Fisher’s exact test for categorical variables and one way analysis of variance
(ANOVA) for contimuous variables. Overall survival (O8) was calculated as the time from
diagnosis date to death date or the last documented follow-up date. Progression-free survival
(PFS) was defined as the time from diagnosis date to the date of disease progression or the
last documented follow-up date or death date from any cause. Discase progression was
defined as any documented tumor progression (local or distant) as indicated in the clinical
record. AH obscrvations were censored at 60 months, Survival curves were caleolated using
the Kaplan-Meier method and coropared non-parametrically using the log-rank test. Cox
proportional hazard model was used to cstimate the hazard ratio between different pl6
stafning groups, adjusting for patient drinking status, tumor stage, tumor site and HPV
stajning. Al statistical tests were two sided with a significance level of 0.035 and all reported
confidence intervals are constructed at a two sided 95% confidence level.

[00iE8] Results

{0119] Patient characteristics
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[80820] 143 patients were identified during the study period, of which 135 had sufficient
fumor samples for pl6 staining. The median follow up time for these patients was 6.67 years,
with only § patients lost to follow up before § years, The baseline characteristics for these
paticnts were sunumarized in Table 1. The median age of patients at diagnosis was 57 (range
20-82). 68.9% of the patients were males, which is comparable o the national average {Ries
LAG, 2007). Most patients had smoking histories and/or alcohol use with ondy 12 (9%)
never-smokers and 44 (approximately 30%) never-drinkers. Furthermore, all of the 123
smokers, except two, had smoked more than 10 pack years. Approximately 30% of the
patients received single modality treatment with surgery or radiation alone. Other patients
received a combination of different treatment methods, Sixteen (11.9%) paticnts were
detected as HPVY positive, of which 14 had oropharyngeal tumors and the other two had
temors in the oral cavity,

801211  pl6 expression

[80122] In the sample set pl6 showed bascline cytoplasmic and nuciear staining in at least
one of the three cores for every patient. Examples of IHC images of pl6 staining are shown
in Figare 2. Overall, ovopharyngeal cancers and HPV-positive cancers had stronger pl6
statning in both cytoplasm and nucleus compared to tamors of other types (Figure 3). The
median nuclear product score was 22 in oropharyngeal tumor samples compared with 0 in
non-oropharyngeal samples (permutation test of equal density p-value < 0.001). The median
cvtoplasmic product score was 150 in oropharyngeal tumor samples compared to a median
product score of 38 in non-oropharyngeal samples (permutation test of equal density p-value
<{3.001). Nine patients had high nuclear and high cytoplasmic p16 staining (HN), 25 patients
had high cytoplasmic, low nuclear staining (HC) and 101 had low pl6 staining (L5). There
was 1o significant difference in age, geunder, smoking status, T stages and clinical stages
between differcnt staining groups. However, patients with high nuclear or cytoplasmic pl6
staining have more oropharyngeal timors and earlier nodal stage (NO-N1) compared to fow
pl6 staining group.

I00123] HPY in sifu hybridization

[80824] Table 2 summarized the distribution of tumor sites with respect to HPV positivity
and smoking status. Gverall, 16 of the 143 patients stained positively for HPV, with fourteen
of them having tumors in oropharvox and two in the oral cavity. The HPV positivity rates
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were lower than some of the clinical trials and other university based reports (Chuang ef al.,
2008; Fakhry er ¢/, 200%), due to, at least in part, the very high smoking rate in our study
population (Ang ef al., 2010; D'Souza er i, 2007). 58% (14/24) of oropharyngeal tumors
were stained HPV positive in this study, comparable to previous reports such as D'Souza and
colleagues (D'Souza e «l., 2007), which reported 64% HPV positive in oropharyngeal
cancers. HPV positive staining outside oropharyngeal tumors was rare, which is consistont
with the general acceptance of a low rate of HPV infection outside the oropharynx (Begum et
al., 2007). The vast majority of these HPV positive patients were heavy smokers: 13 of the 16
HPV-infected patients had long histories of smolang, with a minimum of 18 pack years, HPV
mofection bas been strongly associated with both cytoplasroie and nuclear pl16 positivity., All
bt three HPVY positive patients were categorized as having high nuclear or high cytoplasmic
pl6 expression.

{00125]  Survival Analysis

[80126]  In the full cohort, the three-vear overall survival {05 was 63.0% (95% CI: 55.3%
-71.7 %) and the three-year progression-free survival (PFS) rate was S4.1% (95% CIL: 46.3%-
63.2 %), Only one death occurred in HN group during the follow up. In the LS group, the
three vear OS and PFS was estimated as 65.3% (95% CI: 56.7%-75.3%) and 54.5% (95% CI.
45.6%-65.1%) using the Kaplan Meier method. The three year OS and PFS was estimated as
40% (95% CL 24.7%-64.6%) and 36% (95% CL 21.3 %-60.7%) respectively in the HC
group {Figure 4). The 3 year O85 and PFS survival in the HN group was 100% with
confidence interval not cvaluable. Both OS and PFS results were significantly different
between staining groups with a log rank test p values of (.006 and (.009 respectively. There
is no significant difference in 08 or PFS between HPV positive group and HPV negative
group (p = 0. 509 and 0.434 respectively).

1603127 Cox proportional hazard model was used to assess the relationship between
each variable with OS and PFS (Table 3). pi6 expression status was significantly associated
with both OS and PFS. The HN group had the best overall survival outcome and the lowest
hazard ratio compared with the other groups. Similar results were obtained for progression-
free survival, although the difference was not statistically significant. Using the HC group as
a reference, the hazard ratio was 0.5¢ (85% CI 0.29-0.88) for the LS group and 0.10 (85% C1

0.013-0.75) for the HN group. Sumilarly, the hazard ratio for progression-free survival was
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0.61 {95% CI 0.35-1.04) in the LS group and 0.09 (95% CI 0.012-0.67} in the HN staining
group. If we consider local recurrence and distant recurrence separately, the three year local
recurrence rate and distant relapse rates were 24% and 26.7% for HC and LS group
respectively, and the three year distant recurrence rate was 16.0% and 10.9% for HC and LS
group, respectively. HN group had no recwrrence during three years of follow up. When
nuclear staining and cytoplasmic staining were considered separately for their association
with OS or PFS, high nuclear staining was significantly associated with PFS (HR = (.13,
95% {1 0.0618-0.96} and insignificantly associated with OS (HR = .17, 95% C1 0.024-1.24).
Cytoplasmic staining was not significantly associated with either OS or PFS. Tn addition to
pl6 staining status, T3-T4 tumor stage was significantly associated with increased risk of
mortality (p-value = 0.009). Nodal stages showed borderline significance in affecting overall
survival (p-value = 0.07). No variable tested except pl6 expression status showed significant
association with PFS.

[6G128] Multivariable Cox proportional hazard model showed that pl6 expression
status was still significantly associated with both OS and PFS (Table 4) afier adjusting for
fumor site, nodal stage, tomor stage HPV staining and drinking pattern. Both the LS group
and the HN staining group had sigonificantly lower hazard than the HC staining group. Subset
analysis was carried out for oropharynx paticots: after controlling for tumor stages, HPV
staining and drinking status, the hazard ratic of OS for LS and HN groups are 0.40 {(p = (.18}
and 0.12 (p = 0.06) respectively, and the hazard ratio of PFS for LS and HN groups are 0.61
(p=0.43)and (.12 (p = 0.06) respectively, using the HC group as reference. Subsct analysis
for other tumor sites was not conducted because of the small number of patients.

{00129] Independent Confirmation in Second Cohort

(60130 Using data from the YNOCC TMA, we were able to obtain pi6 staining on an
additional 42 samples, with 30 from the oral cavity, & from the oropharynx, 5 from the larynx
and 1 from the hypopharynx. This 15 a cohort of yvounger patients who were diagnosed
between the age of 20 and 39, with 23 males, 29 with smoking history (rocdian pack year
14.5) and 12 with alcohol consumption history. Previcusly we had reported a favorable
overall outcome for those patients in the cohort who were pl6 positive. At that time, we had
not evaluated the independent contnibution of nuclear staining to cutcomes. In this study, we
evahuated those patients by the same product score cutoff s an independent validation. The

-~

-31 -



WO 2013/192089 PCT/US2013/046136

patients were then grouped using the same criteria for this study: 14 patients were placed in
the HN group, 4 patients in the HC group and 24 patients in the LS group. Although p values
are not statistically significant due to sroall sample size, strikingly, the HN staining group had
superior progression-free survival compared with the other two groups, with similar
magnitide (0 our observations in the CHANCE data set. The hazard ratio of having a
recurrence in the HN group and LS group are .38 (95% CL0.092 - 1.62) and 0.71{95% I
0.20- 2.52) compared to the HC staining group (p=0.34).

[86i31] Discussion

[60132] The management of squamouns cell carcinoma of the head and neck appears to be
at a crossroads, with the possibility that the field may change long held treatment standards
based on observations related to the staining for the biomarkers HPV and pl6. Pivotal
studies have documented significantly improved outcomes for patients staining positively for
these markers, yet a closer look at how these biomarkers relate 1o cach other has stimulated
researchers to look for the mechanisms behind the beneficial cutcome association. Firstly, it
is clear that mechanisms in addition o HPV infection #tself are at work as evidenced by the
modulation of risk caused by smoking. There is also at least circumstantial evidence that
alterations of pl6, independent of HPV, may convey some of the favorable prognosis seen in
HNSCC patients that cannot simply be ascribed to false negative HPVY assays. Evidence
from tumors ouiside the head and neck fead us to consider nuclear localization of pl6 as a
novel biomarker. In this report, the resulls comparing nuclear localization of pl6 to cases
where pl6 is excluded from the nucleus warrant further study. Furthermore, the results may
help suggest a mechanistic role for this biomarker that go beyond an empiric view of pl6 as a
proxy for HPV of use limited to the oropharynx.

(601331  To comsider plo status (as indicated by pl6 staining) as a mechanistic marker
requires a review of the ways that pl6 is altered in cancer. In the case of HPV, pl6
overexpression is a result of expression of HPV-derived oncoproteins E6 and E7 and can
functionally jnactivate the pS3 and pRb tumor suppressor protein, resulting in 2 down-
regulation of p53, pRb and a strong up-regulation of pl6 at the molecular level {Andl ef al.,
1998; Li er af., 2004; Marar e o/, 2010; Wiest of g/, 2002). One could think of pl6
expression in the context of HPV infection as 8 proxy for multiple genotypes that would

generally be considered favorable for cancer progunosis (pS3 wild type (W), Rb WT, and
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pl6 WT). However, in the more common setting of tamors, pl6 is lowly expressed, possibly
by less favorable genetic or epigenctic changes, such as homozygous deletion of plé,
nonsense mutation, or perhaps methylation and gene silencing. In those stiwations, where
there are more deleterious nwtations such as loss of Rb or perhaps amplification of cyclin D1
(common in HNSCC), the tumors can express high levels of pl6 with no inhibition of cell
cveling.  In these situations, nuclear trafficking might be altered and high pl6 expression
might ndicate particularly unfavorable cancer biclogy. Smoking could be the means of
inactivation of genes downstream of p16 without requiring pl6 loss as the disease moditfying
event associated with worse cutcome.  To evaluate such an explanation, we attempted to
sequence plo and other targets ju the currcnt saruple set but were unsuccessful due to the
quality of the DNA in these paraffin embedded specimens.

[#6134] To ow knowledge, no previous study has investigated how different pl6
expression localization can be related to disease outcomes in HNSCC despite evidence that
differential staining patterns similar to what we describe have been shown to be relevant in
other tumors, including endomeinial cancers, melanoma and astrocytomas {Arifin er af., 2006;
Emig et al., 1998, Ghiorzo et al., 2004; Milde-Langosch et af., 2001 ; Salvesen er o, 2000,
Stravme ef af., 2000). Most strikingly, familial oclanoma studies strongly support our
hypothesis because of the associated point mutations and the failure to localize pl6 to the
nucleus (Ghiorzo er al., 2004). In this report, patients without the germline variant displayed
a combined nuclear and cytoplasmic staining. The authors demonstrated that p16 mutations
in these melanoma patients may impair the cytoplasmic-nuclear shuttling similar to BRCAL
where BRCAT is shifted to the cytoplasm because of the mutation of nuclear localization
signals (NLS) and the HNZ-terminal (Arifin et ¢/, 2006; Fabbro er af., 2004; Ghiorzo ef al.,
2004).

[601358]  The cuwrrent study includes limitations that suggest further cvaluation of pl6
nuclear staining is warranted. Most notably, the current stady is relatively small and includes
a large nmumber of smokers. Simiarly, due to the retrospective nature of the current study,
patients are heterogeneous in stage, site, treatment, and other factors that might irapact risk in
ways that have not been appreciated. However, the prognostic effect of pl6 localization
remained significant after controlling for these factors. The vahdation cohort provided extra

sapport tor our result. We do provide evidence regarding the use of pl6 in nonsmokers with
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the YNOCC cohort, but this group does not include significant numbers of nonsmoking HPV
positive patients. However, because most HNSCC patients are still smokers despite the rising
nrnbers of nou-sraoking paticuts, these data are applicable to a larger portion of HNSSC
patients. Finally, our cutoff for different pl6 groups was based on the empirically observed
distributions of pl6 staining i oropharynx versus non-oropharynx samples. This cutoft was
neither optimized nor cross-validated and cannot be directly used for clinical settings.

[80136] In conclusion, we have provided a preliminary imvestigation into the nuclear
staining of pl6 as a critical factor in the complex set of conditional biomarkers including
HPV, smoking, oropharyngeal carcinomas, and non-localized staining of pl6.  This
biomarker, if validated, s already widely available and could potentially impact clinical care
of HNSCC. Sce also Zhao er af. 2012 Brit J Cancer 107 482-490 (pub. online 2012 Jun 26)
the contents of which are hereby incorporated in their entity.

{00137]  Table 1: Patient characteristics by pl6 staining.

Characteristics pl16 staining groups
All patients  HN HC LS P values
{column %} {column %}  {column %} {column %)
# of patients 135 9 25 101
Age
Median 57 56 54 58 0.14
Range 20-32 20-66 34-79 24-32
Gender
hiale 93{68.9} 2(88.9) 19{(76} 66 {65.3} 0.28
Smoking® 123 {21.1) 7{77.8) 22 {38} 94 {93.1} 0.16
Mean pack years {SD}* 39.8 {25.9) 41.4{38.1) 38.0(26.0} 40.0{24.7) 093
Alechol® 91{67.4} 6{66.7) 18{72} 67{66.3} 0.90
I stage*
T1-T2 55(48.1} a{44.4) 16{40} 51{50.5} 0.65
T3-T4 7O{51.9) 5(55.6} 15{60) 50{49.5)
Nodal
stage™
NO-N1 79(58.5} 4{44.4) 8{32} 67{66.3} 0.004
N2-N3 56{41.5) 5{55.6} 17{68) 34{33.7}
Stage
Stage -l 43(31.9} 1611.1} 5{20} 37{36.6} 0.12
Site
QOropharynx  38{28.1} 7{77.8} 15{60) 16{15.8) < 0.001
Larynx 35 1111} {4} 33{2.7}
Oral cavity 5440 1111 6{24 47146.5)
Hypopharynx  8{5.9) O 3{12} 5{5.0}
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| Hev

| Positive 16 {11.9) 3{33.3}) 10{40.0) 3(3.0) <0.001
{603138]  * Numbers do not sum to the total due to nmussing data Abbreviations: HN, high

nuclear, any cytoplasmic staining; HC, high cytoplasmic, low puclear staining; LS, low

nuclear, low cytoplasmic staining

100139

Table 2: pl6 expression by smoking status and tumor site

pl6 Expression
Smokers
HPV negative

HN

4{1 OC, 30P)

14 (500, 114,
3IHY, 5 OP)

LS

92 {40 OC,33 LA,
3HY, 16 OP)

HPV positive 3{0P) g {OP) 2 {1 0C, 10P)
Nonsmokers
HPY negative 2{0P) 1O 6{50C, 1 0P}
HPV positive 0| 2{0P) 1{1 00
[303140]  Abbroviations: HPV, human papillomavirus; OC, oral cavity; LA, larynx; HY,

hypopharynx; OP, Oropharynx;

HN, high nuclear, any cytoplasmic staining; HC, high

cytoplasmic, low nuclear staining: LS, low nuclear, low cytoplasmic staining

100141]

survival

Table 3. Univariate analyses of prognostic factors for overall or progression-free

Characterisiics
Age (Years)
<57

/
/

=57
Smoker/
smoker
Dirinking
Stte

Larynx
Oral Cavity
Hypopharynx
Oropharyox
T stage

T3-T4/T1-
T2

ffevenis PYs
38/34 228/197
668/6 385/41
53/19 270/154
18 111

28 166

7 15.4

18 131
42730 202221

PFS

95%
HR O
0.61 -
497 1.55
.52 -
.19 274
0.92 -
.55 2.62
0.61 -
147 2125
0.71 -
127 2.29
i.14 -
274 6.60

(.93 -
149 2.38

P
value

(.91

06.69

0.10

0.10

#events PYs
33728 254/224
56/5 433/45
45/16 305/174
i4 134

26 179

6 20

i5 145
34/22 220/258

s

H

1.

1.19

1

1.40
2.70

1.0 {reference}

R

03

01

95%
Cl

.62 -
170
.48 -
2.97
3.91 -
2.84

(.49 -
2.10
.74 -
2.64
1.04 -
6.99

P
value
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N stage
NZ-N3/NG-  31/41 165/259 0.73 - 360/31 1777301 .97 -
N1 .16 1.86 .52 1.61 2.65 0.07
Stage
Late(Il- 327240 281/144 47/14 309/169
vy 0.77 - 0.98 -
Barly(I-I1) 129 217 033 179 325 0.06
16 combined nuclear and cytoplasmic staining
{ 45 0.012- i 45 0.613-
HN 0.09 0.67 0.067 g.10 0.75 0,025
53 3te {.35- 43 363 {.29-
LS g.60 1.04 4.019 0.50 (.88 0.017
HC 18 61 1.0 (reference) 17 68 1.0 {reference)
HPV
7/65 55/368 (.34~ 6/22 60418 {.32-
+/- 0,73 1.60 .44 0.75 175 0.51
[333142] Abbreviations: PYs: person-years; PFS, progression-free survival; O8, overall

survival; HR, hazard ratio; CI, confidence interval; LS, Low nuclear, low cytoplasmic

stajning; HN, high nuclear, high cytoplasmic staining; HC, high cytoplasmic, low ouclear

staining
[60143] Table 4: Multivariate analysis of prognostic factors for survival or progression-
free survival
PFS 05

HR 95% P values | HR 5% Cl P values
T3-T4/71-72 1.32 0.77-2.26 031 1.72 0.84-2.12 .08
N2-N3/NO-N1 0.96 0.55-1.68 0.90 1.24 0.68-2.28 0.48
Urinking

1.37 0.76-2.49  0.29 1.21 0.64-2.31 0.56
Site
Larynx 1.29 0.57-2.89 054 1.34 0.54-3.30 0.53
Oral Cavity 1.35 0.66-2.78 041 1.65 0.75-3.60 .21
Hypopharynx 1.73 0.66-4.56 0.27 1.68 0.59-4.84 0.33
Oropharynx Hreference) Hreference}
pl6 staining
HN 0.082 0.01-071 0.02 .10 0.01-0.78 0.03
LS 0475 0.24-095 0.03 0.37 0.18-0.75 0.01
HC 1 {reference)} 1 {raference)
HPVY Positives

0.65 0.24-1.81 041 0.54 0.4179-161 027
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[60144] Abbreviations: PFS, progression-free survival; OS, overall sarvival; HR, hazard
ratio; CI, confidence interval of hazard ratio; HN, high muclear, high cytoplasmic staining;

HC, high cytoplasmic, low nuclear, staining; LS, Low vuclear, low cytoplasmic staining
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6.3, Molecular Subtypes in Squamouns Cell Carcinoma of the Head and Neek Cancer
Reveal Exhibit Distinet Patterns of Chromosemal Gain and Loss of Canonical
Cancer Genes, Including CCNDI, CDKNZA, and EGFR

[B0185] Here we describe the results of an integrated genomic analysis of 183 HNSCC
tamor samples, making this one of the largest HNSCC studies to date. Gene expression
(GE), DNA copy mumber (CN), or clinical data was available for all subjects. Multiple GE
subtypes were detected, and the resulting expression paiterns are similar to those previously
found in HNSCC (8 and lung squamous cell carcinoma (LSCC) (7). All of the GE subtypes
were also detecied 1n head and neck cancer cell hnes. In addition, we show that some CN
gain and loss events are common to all subtypes, while others are found only in specific
subtypes; that a number of these genomic events affect known oncogenes and tumor
suppressors; and that these expression patterns and genomic events have clinical relevance.
{00i86] Resulis

100187 Unsupervised discovery of HNSCU expression subtvpes

[B0I88] I order to address the guestion of whether statistically significant molecular
subtypes can be elicited in HNSCC, we performed hierarchical clustering in an ansupervised
and unbiased manner using well-established and objective technigues (7). As in the prior
work by Chung, we document the presence of four gene expression clusters. Plots produced
by ConsensusClusterPhus (9) (see Figures 9A and 9B) do not support the presence of
additional statistically significant clusters in this datasct.  To counfurn the statistical
significance of four chusters, SigClust (10) was applied using an unbiased set of the 2500
most variable genes across the cohort. Al pairwise comparisons of the subtypes were
examined using 1000 simmilated saroples and the original covariance estimation method. The
SigClust p-values for all of the pairwise comparisons were significant at the .05 level after
applying a Bonferront correction for mmultiple comparisons (Figure 90, We refer to the
expression subtypes as basal (BA), mesenchymal (MS), atypical (AT), and classical {CL)
based on biological characteristics that are discussed below. A representative set of genes
known or suspected to be relevant for head and neck cancer is shown (Figure 5B), and test
statistics for the association of all genes in the dataset with tumor subtype are provided in
Tables 9-12.

(80189 Clinical Characreristics
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[80890] The clinical characteristics of the patients included in the current study represent a
broad cross section of patients with HNSCC that is highly representative of the population
seen in a typical clinical practice (Table 5). There is no correlation of twror subtype with
age, gender, alcohol use, pack vears, or tumor size. Tumor subiypes were statistically
associated with site, although all sites had tumors in each of the expression subtypes, with
one exception (hvpopharyox showed no BA).  Addutionally, no site contributed more than
58% of its samples to one expression subtype. No expression subtype was made up of more
than 68% of tumors from a single site. Therefore, unlike other molecular markers such as
HPV or pl6, we conclude that expression subtypes capture a dimension of biology which is
not hmited to a single anatomie site (11). There were additional statistically significant
associations between tumor subtype and HPVY status, treatment, node status, and overall
stage. While not statistically significant, it is notable that more BA trended towards being
well differentiated, whereas 13 of 16 poorly differentiated turoors were either MS or CL.

[80191] Table 5. Clinical Data. Suramaries of select clinical covariates in the HNSCC

expression subtypes.

Total Basal Mesenchymal | Atypical | Classical | p-Value
Num. Patients 138 44 33 32 29
Age (Years) 0,75
Median 37 60 57 36.5 58
Nuin. ,40 g 5 3 1 0
Sex 0.64
Female 43 i4 13 ] 8
Male 95 30 20 24 21
Race $.34
Biack 32 8 8 6 10
White 104 36 24 26 18
Alechol Use 0.44
None/Light B6 26 24 26 16
Heavy 50 18 8 12 12
Smoking g.11
Never/Light 27 13 6 6 2
Current/Former 1409 36 26 26 27
Mean
{Packyears) 35 367 331 30.1 45 0.13
Differentiation 0.1
Well 26 i4 5 3 4
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Muoderate 92 27 21 25 19
Poor 19 3 7 3 o
Tumor Site fe-4*
Larynx 30 10 4 5 i1
Oral Cavity 55 30 18 2 5
Oropharynx 34 3 5 20 6
Hypopharynx i3 b 2 5 6
Stage** L34%
I i0 2 4 0 4
I 14 8 i 2 3
111 23 & 3 4 8
IVa 77 26 i6 22 i3
18! 6 ) 3 3 {
Ve 14 0 0 i {0
Tumor Status 0.76
TO-T2 44 i2 10 8 10
T3-T4 77 30 16 16 15
Nede Status 0.0026
NO-N1 66 30 14 6 16
N2-N3 31 12 i2 18 9

4.50F-
Treatrnent {6
Priraary
Chemo/RT 62 i1 3 26 i2
Surgery 74 33 20 5 16
HPV Status (.035
MNegative 82 27 21 17 i7
Positive t4 i 3 8 2
Chromosomal
Tustability 2,208~
[ndex 0.056 0.032 0,043 0.036 0.136 04

[8G192]  Validation of Subtypes

[B0193] We then turned our attention to the question as to whether the unbiased clasters
detected in the current dataset corresponded to those previously reported by Chung er al.
Using techniques for cluster validation developed previcusly (7} and described more fully in
the Methods, we compared the centroids for each of the expression subtypes in the present
study to the centroids for the subtypes of Chumg et af. A clear correspondence was observed
(Figure 5C), with BA, M35, AT, and CL demonstrating the same expression patterns as the

previous Chung classes 1, 2, 3, and 4, respectively. Having discovered four classes using
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independent and unbiased datasets and methods, we consider these four expression subtypes
10 be validated.

[803194] It s well known that squamous cell carcinomas from different sites in the body
share some but not all molecular characteristics, such as deletion of chromosome 3p and
amplification of chromosome 3q (12, 13). Based on our recently reported data on LSCC
expression subtypes (7), we hypothesized that a correspondence to head and neock cancer
might be observed. To investigate a broader phenotype of squamous cell carcinomas of the
upper aerodigestive track, we extended the centroid predictor methodology and evaluated the
correspondence of centroids from LSCC and HNSCC (Figure 53). Remarkably, 8 clear
pattern of correlation was observed in which the BA, MK, and CL subtypes of HNSCC
corresponded to the basal, secretory, and classical subtypes, respectively, of Wilkerson er al.
[B0I95]  Affected Genes Suggest Diistiner Biological Processes in Expression Subtypes
[B0196]  The fact that the subtypes exhibit different gene expression patterns suggests that
cach subtype has distinct biclogical characteristics. In an effort to clarify these properties we
examine specific genes that are highly expressed in cach class but not the others.

(681971 The basal phenotype, which was originally and perhaps best described in breast
cancer {5}, 15 seen in other epithelial cavncers, notably LSCC (7, 14). A vumber of the basal
signature genes found by Perou ef af. (5) are highly expressed in BA, including CDH3,
LAMAG, and COL17A1. Several other genes that are highly expressed in BA are important,
inclading the transcription factor TP63, which we discuss i the following section. In
addition, the DAVID (15) results indicate that the KEGG FErbB Signaling Pathway is
enriched for genes that are highly expressed in BA, including TGFA, EGFR, MAPK1, and
MAP2ZK L.

[60198] Kallurt and Weinberg (16) describe three biological settings in which cells
undergo the cpithelial-to-mesenchymal transition (EMT), two of which arc cancer
progression/metastasis and organ fibrosis. These authors indicate that mouse and cell culture
studies of cancer cells with the mesenchymal pheonotype exhibit high expression of ACTAZ,
VIM, DES, and TWIST, all of which are seen in MS. HGF, a growth factor that contributes
to EMT and HNSCC progression (17), is also highly expressed in MS. Organ fibrosis occurs
fn various epithelial tissues, and is driven by the release of mflammatory signals and

components of the extracellular matrix. Our DAVID analysis shows that the Focal Adhesion
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KEGG Pathway is over-represented by genes that are highly expressed in MS, inchuding
PDGFRA/B, as well as several laminins and collagen subunits.

[B0399] It is known that EGFR expression is nearly undversal in HNSCC (18), but recently
unconfirmed reports have emerged that suggest an interaction between HPV+ tumors of the
oropharynx and low EGFR expression (19). We observe low EGFR expression in AT, which
represents a considerably broader range of tumors that is not Hrotted by HPV status or tumor
site.  Kumar e/ @/ (19) also find that CDKNZA and EGFR cxpression are negatively
correlated, and we note that CDKN2A is highly expressed in AT when compared to ali other
classes. Other genes highly expressed in AT include RPA2, LIGI, and E2F2, all of which
were found to be more highly expressed in HPV+ tumors than HPV- tumors by Slebos ef gl
(20). The DAVID results show enrichment for genes in the Fatty Acid Metabolism KEGG
pathway, which includes a number of aldehyde dehvdrogenase (ALDH) genes that are highly
expressed in AT, such as ALDH3AY and ALDHYA L This is noteworthy because Muzio et
al. {21) indicate that increased levels of these genes and other ALDHs have been seen in
normal and cancer stem cells.

(802081  Studies in LSCC and normal airway epithehial cells have detected gene expression
patierns associated with exposure to cigarctte smoke (7, 22, 23).  Our DAVID analysis
indicates that the Xenobiotic Metabolism KEGG Pathway contains a number of genes that
are highly expressed in CL. Among these are AKRICE, AKRIC3, and GPX2, all of which
are associated with smoking and oxidative stress (22, 23). These findings are striking 1o hight
of the fact that the heaviest smokers in our cohort are found in CL, a phenotype which has a
clear correlate in the similarly-named subtype of LSCC.  Additionally, 3 recent
comprehensive investigation of LSCC found that KEAPT and NFE2ZL2 are highly expressed
i the classical subtype (14).  Sumiar expression patierns are found in CL, which is
compelling in light of the fact that NFE2L2 is a transcription factor that regulates genes
mvolved in xenobiotic detoxification. High expression levels and increased copy nomber of
PIK3CA are scen in CL, and previcous studies (24, 25) have found associations between
PIKACA copy number gains and smoking status.

(802881 DNA Copy dArnalysis by Subiype

(682021 Having eostablished the statistically sigmificant pature of the HNSCC tumor

subtypes and their correlation to sirnilar subtypes in lung cancer and known cancer genes, we
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turned our attention to genomic alterations that might partially explain the subtype origins.
To tnvestigate differences in chromosomal abnormalities as potential sources of differential
gene expression we generated plots of mean CN as a function of genomuc position and turnor
subtype (Figure 6). As hag been secen in other tumors, there are both concordant and distinet
patterns of copy number alterations i key regions of the genome as a function of tumor
subtype. In support of a coromon dentity for this set of tumors, the most striking observation
is a statistically significant shared alteration of chromosome 3 in all subtypes, including
deletions of chr3p and the presence of a broad amplicon in chr3q that contains focal, high-
level gains of PIK3CA and SOX2, and TP63 in some subtypes. By contrast, there are distinct
differences in the canonical HNSCC chromosome 7p amplification.  Statistically significant
gains are also found overall in a broad region of chr7p that contains EGFR, and these are seen
in BA, MS, and CL but completely absent in AT,

[80203] In addition to broad genomic events, there are striking focal events, some of
which are shared, others of which are subtype specific. The well-known focal amplification
in chrilgl3.3, which containg CONE, among other genes, is observed across all subiypes.
Unexpectedly, a second focal amplification is observed in chriig22 for BA only. This event
is found i multiple saroples even though  does not achiove statistical sigoificance. The
tocus has been reported previously by Imoto ef 4/, (26} in a study of csophageal squamous
cell carcinoma that detected copy number gains in chrilg22-23, which contains
cIAPI/BIRCZ.

[80284] Overall, the most significant copy number losses are found in chromosomes 3p,
9p, and 14q. Statistically significant losses of chr3p are found overall and in each of the
expression subtypes, but statistically significant losses of chr9p are found in BA and CL only.
Losses of CDKNZA are seen in both subtypes, but BA exhibits hemizygous deletions over a
broad region of chr9p, whereas CL has focal homozygous deletions. Focal loss is seen in
chridg32.33 for M5, AT, and CL, and these are the most significant losses for MS and AT,
This region contains miR203, which 1s notable because it targets ANp63 (27).

180208]  Integration of Copy Number Changes and Differential Fxpression of Canonical
HNSCC Genes by Expression Subtype

[60286] Having identified regions both concordant and discordant in copy number by

expression subtype, we then considered whether expression of genes in those regions
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demonstrated changes that agree with the underlying copy number alterations (Figure 7A).
One of the quintessential genomic alterations associated with squamous cell carcinomas i3
amplification of chi3q. Unexpectedly, while all subtypes demonstrate amplification of chr3q,
there was a distinct differential proportional usage of the three genes typically discussed as
the targets of the amplicon: TP63, PIK3CA, and S0GX2. The CL and AT subtypes
demounstrate proportionally higher expression of SOX2 relative to MS and BA, which in fact
appear to express less SOXZ than normal tonsit controls. By contrast, the BA subtype
appears to oxpress dramatically higher levels of TP63 than any other group. Similarly,
although the MS subtype exhibits the chr3g amplicon, none of the puotative target genes
appear 10 be expressed at levels higher than normal tonsil.  In sum, we couclude that this
ohiservation raiscs the possibility that the heterogeneity of HNSCC might in part be explained
by differential usage of the transcription factors (SOX2 and TP63) and oncogene (PIK3CA)
in the chr3q aroplicon, which is more complex than bas been previously reported (28).
Consideration of the EGFR locus on chromosome 7 suggests, similarly, that EGFR may be
more consistently targeted by some subtypes than others (Figure 78B). These observations
lend support to the possibility that differential usage of transcription factors and oncogenes,
proraoted in part by distinct copy number alierations, may contribute to the gene expression
signatures that define the expression subtypes.

[806287) Focal Copy Number Events Involving Canonical Cancer Genes

[80208] In the preceding section we noted that the expression subtypes exhibit distinct
patterns of copy number gain and loss. Now we focus our attention on genes known to play a
role in HNSCC — CCNDI1, CDEN2A, and EGFR - and we consider copy namber values at
the specific gene loci, not the broader regions discussed above. Table 6 shows that copy
number events at these genes are significantly associated with tumor subtype or approach
significance, as exemplified by the fact that CCND1 focal amplification was present in 63%
of CL samples while being distinctly uncommmon in AT (16%). Similar results are scen for
focal EGFR amplifications — the frequency of gains range from 0% (AT) t0 31% (CL) — and
CDKNZA losses — the frequency of losses range from 10% (MS) to 63% (CL).

(802091  Past studics have detected associations between distinet genomic events, and these

findings provided insight into either the underlying biology or the clinical management of
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cancer patients {(Zhu, Xing). In HNSCC, simultancous CCNDI1 gains and CDKN2A losses
have been stadied by Namazie ef a/. (29) and Okami ef @/, (30), with Namazie of ¢/, detecting
an association between these genomic events. We find that COND1 CN gains are associated
with CDNK2A losses across all subtypes (Table 7), and that the joint event is associated with
the expression subtypes (Table 6), thereby confirming and extending the results of Namazic
et al.

[B0218]  Table 6. Focal Copy Number Events, Summarics of focal copy number ovents

for specific genes in the HNSCC expression subtypes.

Total Basal Mesenchymal | Atypical | Classical p

CCND1Gain

No 53 17 14 16 & 013
Yes 29 g 7 3 10

CONKZA Loss

No 62 20 19 17 6

Yes 20 & 2 2 10 001
ioint

CONDI1/CDKNZA

Event

No 70 23 20 i8 g 006
Yes 12 3 1 i 7

EGFR Gain

No 70 22 18 19 11 060
Yes 12 4 3 a 5

[30231]  Table 7. Overall Association of CCND1 Gains and CDKNZA Losses. Two-by-
two table illustrating CCND1 gains and CDKNZA losses, together with Fisher’s Exact Test

p-value,

Mo CONDT Gain CONDT Gain Total P
No CDKNZA Loss 58 21 79 019
CDKN2A Loss 13 15 28
Total 71 36 107
W0232)  Clinical Outcomes by Expression Subtvpe and Focal Genomic Alterations

[8G213] Having parsed the set of nearly 140 HNSCC tumors into expression subtypes, and
in light of known risk factors such as HPV, we considered whether additional stratification

for paticnt outcomes could be suggested.  We first jonvestigated whether the survival
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advantage reported by Chung ef af. for their class 1 couid be reproduced in the current cohort.
We were unable to confirm this result, and in the current study there was no association
between recurrence-tree survival and tumor subtype, either overall (Figure 8A) or when we
restrict to late stage patients (not shown). These differences may be explained by the clinical
heterogeneity of the disease combined with the fact that tumor site distributions in the two
studies are moarkedly different.

[80214] In order to clarify whether known or suspected confounders might affect our
ability to detect subtype-specific differences in patient ouicome, we evaluated the impact of
HPV positivity on overall sarvival,  We observed a relatively large but statistically
rosignificant cffect due to the overall sroall number of paticuts,  We therefore considered it
reasonable to re-cvaluate the cohort with HPV+ patients exchluded. Exclusion of HPV+
patients revealed that the AT subgroup demonstrated a particularly unfavorable cutcome
(Figure 8C), and this differcoce is statistically significant when compared to all other
subtypes combined (Figure 8D). We then accessed an independent set of tissue microarray
(TMA) samples in an effort to validate this finding. It was not feasible to predict the tumor
subtype of cach TMA sample, so instead we used low EGFR and high pl6 staining as a proxy
for AT status, Although the difference in survival times is not statistically significant, when
we restrict to TMA samples with negative HPV staining we obtain results that support the
findings described above (Figure 10).

[B0215]  Woe also ovestigated whether any focal copy number events were associated with
chinical outcome. Previous studies have detected a correlation between CUNDR gaing and
decreased recurrence-free survival times in HNSCC (31). We obtain similar findings when
we examine the CN values for all tumor samples (Figure 10}, although our resulis are
marginally significant (p = .05). Remarkably few AT subjects exhibited CCND gains, and
this suggests the presence of two largely distinct groups of paticnts with poor clinical
outcomes: those with CCND1 amplifications and those that are HPV- and AT. Figure 11
supports this conchusion.

100216]  Fxpression Subivpes in Model Svsiems

(602171 The Cancer Cell Line Encyclopedia (32) contains genomic data from over 900
hurman cancer cell hines, including both GE and CN data from 17 csophageal and 16 upper

acrodigestive tract cell lines. We applied our centroid predictor to these cell lines and found
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that all four expression subtypes are present (Table 8). Summary plots of the ON values in
cach of the predicted subtypes show that many of the gain and loss events described earlier
are also prosent in the cell hines (Figure 12). These findings are particularly corapelling in
light of the clinical relevance of the expression subtypes because they provide the basis for
futare studies involving model systems.

[B0218] Table 8. Predicted Expression Subtypes in HNSCC Cell Liucs.

Cell Line Pradicted Class
COLOGRON OESOPHAGUS MS
KYSE140 _OFSOPHAGUS Ci
KYSE140 OESOPHAGUS BA
KYSE180 OESOPHAGUS CL
KYSE270 _OESOFHAGUS MS
KYSE30 _CESOPHAGUS AT
KYSE410_OESOPHAGUS MS
KYSE450 OESOPHAGUS i
KYSES10 OESOPHAGUS AT
KYSES20 OESOPHAGUS MS
KYSE7Q OESOPHAGUS CL
QOE18 OESOPHAGUS AT
OE33 _OESOPHAGUS AT
TELL _CESOPHRAGUS i
TE15 _OESOPHAGUS AT
TEL OESCPHAGUS MS
TES QESCPHAGUS AT
TES OESOPHAGUS AT
TT_OESOPHAGUS Ci
BICR31 UPPER_AERODIGESTIVE TRACT MS
CAL27 UPPER_AFERODIGESTIVE_TRACT BA
DETROITS62 UPPER AFRODIGESTIVE _TRACT MS
FADL UPPER_AERODIGESTIVE _TRACT AT
HSB40T UPPER AERODIGESTIVE TRACT MS
HSC2 _UPPER AERCDIGESTIVE _TRACT BA
HSC3 UPPER _AERCDIGESTIVE _TRACT BA
HSC4 UPPER_AERCODIGESTIVE _TRACY AT
PECAPILS UPPER AFRODIGESTIVE TRACT AT
PECAPI34CLONEC12 UPPER_AERODIGESTIVE _TRACT BA
PECAPI4ICLONEDZ UPPER_AERODIGESTIVE TRACT MS
PECAPI4S UPPER AFRODIGESTIVE TRACT MS
SCCI5 UPPER _AFRODIGESTIVE _TRACT MS
SCC25 UPPER_AFRODIGESTIVE _TRACT MS
SCC4 UUPPER_AERODIGESTIVE TRACT MS
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SCCS_UPPER_AERODIGESTIVE TRACT BA
SNU1076_UPPER_AFRODIGESTIVE TRACT AT
SNUS9S UPPER_AFRODIGESTIVE TRACT AT

{00219  Discussion

(602201  Our primary resufts are that four gene expression subtypes exist in HNSCC ~
basal, mesenchymal, atypical, and classical - and that these subtypes exhibit distinct patterns
of chromosomal gain aud loss. We also show that these subtypes have biological and chinical
relevance, and therefore that they provide a useful and informative method of classifving
HNSCC tumors that complements existing methods based on histology and tumor site.
Analysis of publicly available expression datasets reveals that these subtypes are reproducible
fn HNSCC (&) and are similar to those found in LSCC (7). All of the expression subtypes
were detected in HNSCC cell Hines, a finding that roay provide the basis for future studies.
160221 The cxpression patterns found in the subtypes suggests the presence of
fundarpental differences in the underlying biology of the associated tumors. Gene expression
in BA shows a strong sumilarity to the signature found in basal cells from the human airway
epithelium, including high expression of genes asscociated with the extraccilular matrix
(LAMAJZ, KRT17), receptors and ligands (EGFR, EREQ), and transcription factors (TP63).
Tumors in MS are exemplified by clevated expression of genes associated with EMT,
mchiding mesenchyroal markers (VIM, DES), relevant transcription factors (TWISTY), and
growth factors (HGF). In contrast to what is typically scen in HNSCC, tumors in AT exhibit
1o EGFR gains, as well as few gains of CCND1 or losses of CDKNZA. AT tumors also have
a strong HPV+ signature, as evidenced by elevated expression of CDEN2A, RPA2, and
E2F2. Tumors in CL show high expression of genes associated with exposure to cigarette
smoke, inchuding AKRICT/3 and GPX2Z, and alse have the heaviest smoking historigs. CN
gains and losses 1o the CL sabtype tend to have greater magnitude when compared to what is
found in the other subtypes, which reflects the increased level of chromosomal instability
present in this class (Table §).

[B0222] The differences in the expression patterns found in the subtypes are clinically
relevant. TP63 produces six distinet proteins — TAp63o/Bly and ANpG3w/B/y — and ANp63 15
the most abundant isoform in HNSCC (33). Yang ef a/. (33} show that ANp63 promotes cell
proliferation, in part through its interactions with NF-xB proteins RelA and cRel. Chatterjee
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et ai. (34) noted that exposure to cisplatin led o decreased levels of ANP63, so this treatment
may be particolarly effective for patients in BA. Barbieri er ¢l (35) showed that loss of TP63
fn HNSCC cell lines led to the acquisition of a mocsenchymal phenotype, which 5 compelling
in light of the low expression levels of TP63 scen in MS. Martin and Cano (36} indicate the
clevated expression of TWISTI or BMIT in HNSCC cell lines can increase the likelihood of
nvasiveness and migration. Because MS tumors exhibit an EMT phenotype and increased
expression of both TWISTI and BMII, these subjects may be more likely to develop distant
metastases. The fact that EGFR is overexpressed in the vast majority of HNSCC tumors
makes EGFR inhibitors are an atiractive treatment option for this disease. However, these
therapies are less likely to be effective in AT tumors because EGFR expression s lower than
in the other expression subtypes. SOX2 and ALDHI are highly expressed in AT and CL, and
both of these genes are putative cancer stem cell markers because of their contributions to
self-renewal and a pleuripotent phenotype (37, 38).  The protein product of PIK3CA i
pl10a, which phosphorylates Akt Activated Akt contributes to the survival of tumor cells,
and thus oncogenic transformation (39). West ef @/, (40} show that exposing normal hung
epithelial cells to nicotine factlitates activation of Akt by making it dependent on PI3K alone.
This observation, combined with the high levels of smoking seen in CL, suggests that PI3
kinase inhibitors provide an attractive treatraent option for CL tumors.

1002231 There were several limitations to this study. First, we do not have GE, CN,
and clinical data for all study subjects, which lunus our ability to jointly analyze these
variables. In part this was the result of the presence of a technical artifact that caused our
quality control procedure to eliminate over 20% of the CN arrays. In addition, it is not clear
which isoform(s) of TP63 is beiug assaved by our gene expression arrays, and unfortunately
the role that TP63 plays in the basal subtype cannot be fully appreciated without knowledge
of these isoforms. The incomplete nature of our HPV data is also problematic.

[80224] Materials and Methods

{B0225]  Tumor Collection and Genetic Assays

{80226]  Frozen, surgically extracted, macrodissected head and neck tumors were collected
at the University of North Carolina Hospital under Institational Review Board protocol #(31-

1233, Tumor RNA was extracted and mRNA expression was assaved using Agilent 44K
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microarrays.  Tumor DNA was extracted and DNA copy number was assayed using
Affymetrix GenomeWide SNP 6.0 chips.

IB02271  mRNA Expression dnalvsis

1602281 Quality control procedures were applied to microarray probe-level intensity files,
A total of 138 tumor arrays remained after removing low-quality arrays, duplicate arrays, and
arrays fromn non-HNSCC samples.  The normexp background correction and  loess
normalization procedures {39) were applied to the probe-level data. After log transformation,
probes were matched to a common gene database to produce expression values for 15597
Zenes.

180229 Unsupervised Expression Subtype Discovery

1802301 The procedure described here ig similar to that which appeared in Wilkerson ef af,
After expression values were gene median centered, gene variability was computed uvsing the
median  absolution  deviation, The 2500 most variable genes were  selected.
ConsensusChusterPlus {9) was used to perform unsupervised clustering for these genes in the
138 arrays, and henceforth we refer to the resulting class labels as the “UNC classes.”  This
procedure was performed with 1000 randomly selected sets of microarray samples using a
sarapling proportion of 80% and a distance metric equal to one roimus the Pearson correlation
coefficient.

(B023%]  Differentially Expressed Genes and Metabolic Pathways

[80232] Differentially expressed genes were detected with the R package saror (42) using
an FDR threshold of 01, For cach of the UNC classes we compared the gene expression
values in the class to all other classes combined. DAVID {15) was then used o find KEGG
pathways that show enrichment for the highly expressed genes in each class. In addition,
differentially expressed genes with known functional categories, ¢.g. transcription factors,
were found by comparing the class-specific gene lists to known gene ontology categories
(43).

{B0233]  Published Fxpression Dara

[80234] The microarray probe-level intensity files produced by Chung er al. were
subjected to background correction, normalization, and gene-level summarization procedures

similar to those described above. This produced gene expression vahies for 60 subjects and



WO 2013/192089 PCT/US2013/046136

8224 genes. The class labels for these 60 arrays that appeared in (7) are referred o as the
“Chung classes.”

18023581 Validation of Fxpression Subiypes

[60236] Consensus clustering assigns a class label to every array. As a result, some arrays
may not be representative of their class. Using sithouectte widths (44), we identified a set of
125 “core” samples whose oxpression patterns are roore similar o those of members of their
own subtype than other subtypes. ClaNC (45), a classification method based on nearest
centroids, was then applied to the UNC expression data from the core samples in an effort to
create a set of classifier genes whose expression signature could be used to classify new
sarples. Minimizing the cross-validation crror rate produced a hist of 840 classifier genes
{210 genes per class).

(8062377  We identified the classifier genes whose expression values are also present in the
Chung expression datasct, and then restricted the UNC and Chung expression datasets 1o
these genes. After gence median contering cach datasct separately, we found the centroid for
cach of the UNC and Chung classes by computing the median expression value for each gene
over all arrays having the appropriate class label. As in (6), the distances between the UNC
and Chung ceutroids were computed using the mefric one minus the Pearson correlation
coetficient. This validation process was repeated using the LSCC data of Wilkerson ef af.
{60238]  DNA Copy Number Analysis

[80239] CEL files were subjected to quality control procedures using the Affymetrix
Genotyping Console, and arrays that produced contrast QC measurcments above the default
threshold of .4 were removed from subsequent apalyses. The intensity vahues in the CEL
files were then converted to log 2 copy number values using the R package aroma (46) and a
pooled collection of normal samples. A total of 107 arrays remained after manually
reviewing the genome-wide copy number profiles, 82 of which have expression class labels,
Missing vahies were iuputed using the non-missing value from the closest probe,
Segmentation was performed using DNAcopy (47). Recurrent copy nurober gains and losses
were detected with DINAMIC (48) after smoothing and median centering the copy number
profiles, as was done in {49). Gains and losses are classified as statistically significant if the
resulting DHNAMIC p-values are less than .05, Regions harboring recurvent CN gains and

losses were found using the contidence nterval procedure of Walter er af. (50) at level 98,
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This was performed for the collection of all 107 arrays, as well as after restricting to the
arrays in each of the four UNC classes.

1802481 Copy Number Gains and Losses of Canonical Cancer Genes

(60241} The gene-specitfic copy number was determined by computing the mean of all
segmented copy number values at probes lying within or imumediately adjacent to the gene.
For cach subject we classify a gene as having a copy number gain (loss) if the gene-specific
copy number is above .35 {below -.35), which is approximately two standard deviations
above (below) the mean of all segmented copy number values.

(802421  Srarisrical Analysis

(602431 R 2.12.2 was used to perform all data analysis. The statistical significance of
associations between all categorical variables was assessed with Fisher’s Exact Test or a
Monte Carlo version of Fisher's Exact Test (p-valaes imclade an asterisk). Global F-tests
were used to assess the statistical signiticance of associations of continuous variables with the
expression subtypes. The survival package was used to perform all survival analyses.
Recurrence-free survival (RFS) time was defined to be the time in months from surgery to
death, recurrence, or loss to follow-up.

(80244]  Chromosomal Instability Index

[80245] For g given subject, we compute the median of the absolute value of the
smoothed, segmented copy number values in each chromosome arm. The median of the arm-
specific medians 8 defined to be the chromosomal instability index, which 1s similar to the
definition that appears in (49

100246]  Cancer Cell Line Data

[60247] CN and GE data are available for 18 csophagus and 19 “upper aerodigestive
tract” cell Hunes that are classified as squamous cell carcinoma in the CCLE. GE data in the
cell lines is available for 803 of the 840 genes in our classifier.  After restricting to these
common genes, we normalized the GE data for the cell lines so that it had the same gene-
specific means and standard deviations as in our classifier. We then used the centroid-based
method described above to predict expression subtypes for the cell lines. See also Walter ef
al. 2013 PLOS ONE 8(2) ¢56823 (pub. online 2013 Feb 22} the contents of which are hereby

fncorporated in their entity.
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Tables 9-12 list gene signatures for the different head and cancer subtypes. See

GeneCards (www.genecards.org), U.S. National Library of Medicine, National Center for

Riotechnology

Information

(NCBD)

(Gene database

(http//'www.nebindmunih.gov/sites/catrez?db=gene) , or European Bioinformatics Institute

(EBD

and the

Wellcome

Trust

Sanger

Institute

(WTSI), Ensembl database

{(http://uscast.ensembl.org/index htmly or BLAT oun University of Calitornia Santa Cruz

(UCSC)  Genome

Browser

{(http://genome.ucse.edw/cgi-bin‘hghlat)

for additional

information such as sequences, single nucleotide polymorphisms (SNPs) .

[60249] Table 8. Top 20 Gene signatures associated with the Basal, Mesenchymal,
Atypical, and Classical head and neck cancer subtypes
GaneName Basal Masenchymal | Atypical Classical
ADAM23 -0.15768408 -0.28438884 | -0.03941938 1.63604138
C21iorié1 -1.02178105 -0.39055418 22240084 1 -0.30592688
Ch74 -3.42754268 (3.86342545 0.21401578 1 -1.83881677
CYP26A1 -0.57250721 -0.07308238 0.42973868 2.20848577
DSG1 1.8154618 -0.80673989 | -0.74872168 | -0.73918802
EPGN 1.82052624 -0.6381393 | -0.04205136 1 046785319
FAM3EB -(3.81447979 -(3.63905746 3.95042642 | -0.30066266
FLRT3 14378561 000120233 | -1.65350203 | -0.75031586
FNDCH -0.29837838 1.62151185 | -0.79040322 -0.6913857
HLA-DRA -03.1586953 (3.49384548 -0.0019877 -1.7012316
INHBA 0.43259054 0.73908525 | -2.82854664 -0.2586106
MAL ~(3.13346434 -0.9253673 444770445 1 042662375
MICALCL 1.80741144 011841642 | -0.84374877 | -0.48508442
NNMT -0.1836067 1.6402351 | -0.62415093 -0.5797558
PNLIPRPS 1.57187425 -0.27236448 | 0.23471355 1 -0.27185475
PRAME -03.694586884 -0 A2350375 | -0.85356105 1.4058513
RARRESZ -0.70373832 1.88811550 | -0.00031006 | -0.44840697
R5816 -0.33545592 1.25137568 0.01059367 | -0.05440816
SFRP4 -0.821813897 3.416405 -0.6919744 | 047559283
TMPRSS11B | 0.084535879 -1.278955 4.01044768 | -0.668809218
[B025¢] Table 10, Top 40 Gene signatures associated with the Basal, Mesenchymal,
Atypical, and Classical head and neck cancer subtypes
GenasName Basal Mesenchymal | Atypical Classical
ADAMZ3 -0.15768498 -0.28438884 | -0.03941938 1.63604138
AKR1CH 0.10855815 -0.96795677 0.06966853 2.59033055
ALDHTA1 -1.14252432 -3.26944278 243831265 2.81560864
ATPEVOA4 0.03700116 -.4084300¢6 190064795 | -0.15175878
C210rf81 -1.02178105 -0.39055418 22240084 { -0.30592688
CD74 -0.42754269 (3.86342545 0.21401578 | -1.63861677
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GeneName Basal Mesenchymal | Atypical Classical

CT45A1 -0.4542219 0.28208845 | -0.43551205 {1 292245327
CXCL12 -00.894542857 2.14056825 | Q.25053663 | -1.24824181
CYP26AY 057250721 -0.07308238 | 0.42973868 | 220848577
CYP2ZE1 -0.22947631 -3.27355637 182410888 | -0.24577868
CYP4R1 -0.53068774 -0.41988758 | 2.66426944 -1.0171877
DSGY 1.53154519 -0.80673988 | -D.74872168 | -1.73816802
EPGN 1.82052624 -0.6381393 | -0.04285136 1 -0.46785318
EREG 1.48106195 -3.41934415 | -0.82872489 | -1.09358057
FAM3B -0.81447979 -0.838095746 |  3.95042642 | -0.30066286
FAMA4ER 0.99484489 -0.51747884 | 0.23870185 | -1.47275374
FLRT3 1.4379561 -0.00128233 | -1.65350203 | -3.75091586
FNDCH -(3. 29837838 1.62151195 | -0.79040322 -0.6913857
HLA-DRA -0.1586953 (.49384548 -0.0018877 -1.7012316
HSPC153 1.1935382¢ 081737074 | -D.37077017 | -0.63285687
INHBA 0.43258054 {.73909525 | -2.825854664 -0,2536106
KRT19 -2.06146456 -0.65158041 1.92393502 | 0.95873234
MAL -0.13346434 -0.9253673 | 444770445 1 -0.42662375
MICALCL 1.80741144 -0.118416842 | -0.94374877 | -0.48509442
NNMT -3.1886087 1.6402351 | 0.62415093 -0.5797558
NTS -(.67695536 0.11676859 |  0.83353897 § 250807266
OLFML3 0.4126521 (.95818848 | -0.30628062 | -0.44250578
PDGFRL -0.44480374 118873582 | -0.18389351 -0.1862348
PLACS -0.9620995 0.02425181 2.62687433 | -0.06422855
PNLIPRP3 1.57187425 -0.27236448 | 023471385 1 -0.27185475
PRAME -(0.69486884 342350375 | 055356105 1.405513
RABGR -3.31507222 (.03054956 -0.1395046 | 0.86238785
RARRES? -0.70373832 1.68811558 | -D.00931006 | -0.44840637
RGS16 -(1.33545592 1.25137566 | 0.01058367 | -0.05440816
RGS20 (.98685367 -0.12811884 | -1.29763847 | -0.37823251
SERPZ -0.58354926 1.8237185 | -0.09747845 1 -0.54071748
SFRP4 -.82161397 3416405 -0.6919744 | 0547959283
TMPRSS118 | 0.094535679 -1.276955 | 4.01044768 | -0.66889218
TMPRSS2 -0.70192603 -(3.44385887 1.80509878 | -0.22098086
VCAN -(3.54848326 1.40546253 | -0.72685015 | 0.06185013

[B0251]  Table 11. Top 79 Gene signatures associated

Atypical, and Classical head and neck cancer subtypes

with the Basal, Mesenchymal,

GeneName Basal Mesenchymal | Atypical Classical

ADAMZ3 -0.15768488 -(0.28438884 | -0.03941838 | 1.63604138
AEBP1 -0.38230623 1.12002045 | -0.56598408 | -0.18350693
AlF1 -0.32842333 1.00544966 0.06343709 | 0.891262284
AKR1ICY 0.10955815 -0.968795677 {.06966353 | 2.55033056
ALDH1A1 ~1.14252432 -00.26944278 243831265 | 281550864

L
~\J
3

PCT/US2013/046136




WO 2013/192089

PCT/US2013/046136

GeneName Basal Mesenchymal | Atypical Classical

ANGPTL2 -0.45248404 1.08646286 | -0.29539152 | -0.22380734
ATPBVOAL 0.037001186 -0.40843006 1.80064795 | -0.15175878
Clorfb4 -0.29164441 0.92638232 0} -0.36312862
C210rf81 -1.02178105 -0.39055418 2.2240084 | -0.30592688
C2orf54 0.10713098 -1.45600938 1.25342756 | -1.41057974
CABYR -0.15315465 -().12156849 {.23834449 | 1.14830605
CALR1 0.0232156 -0.35916111 | -0.26291638 | 3.37488446
CAND2 -0.67367514 0.29651763 0.7447677 | 0.49487508
CCL1g -0.97716428 1.20781944 0.86728914 | -1.87543014
Cb74 -0.42754269 0.86342545 0.21401578 | -1.63881677
CLCA4 -0.02356618 -1.04558037 2.05425635 | -1.06207281
CLDN1O -0.58899409 -(0. 19487387 2.57260031 | 0.26267966
CT45A1 -3.4542219 0.28208845 1 -0.43551205 | 292245327
CXCL12 -0.9454 2857 2.14056825 0.25053663 | -1.24824181
CYPR25A1 -0.57250721 -3.07309238 0.42973868 | 2.20948577
CYP2E1 -0.22947631 -0.27355637 1.82410689 | -0.24577868
CYP4B1 -0.5306774 -0.41988758 2.86426944 | 10171877
CYPRAFT1 0.14180333 -0.52423233 0.30258293 | 2.20834753
D4S234E 1.18370891 ~1.24307145 | -0.30169237 | -0.33075613
DSGH 1.8154619 -(.80673989 | -0.74872168 | -0.73916802
EFGN 1.82052624 -0.6381393 | -0.04295136 | -0.46785319
EREG 1.48106195 -0.41934415 | -0.82872488 | -1.08958057
FAM3B -0.81447979 -0.63995746 3.95042642 | -0.300566268
FAM46E 0.99484489 -0.51747884 (.23970165 | -1.47275374
FLRT3 1.4379561 000129233 | -1.65350203 | -0.75091586
FNDOCH -0.29837838 162151195 | -0.79040322 | -0.8813857
FOXA1 -0.83496453 -0.72889482 1.92834742 | 0.28299191
FUTS 0.08606845 -(.42190621 1.3182495 | -0.31445622
FUTY -0.07903759 -0.15797373 1.06279338 | 027051573
GPX2 -0.586234075 -0.82589032 0.80446085 | 1.979216824
HLA-DMA -0.21878457 0.69511371 0.4216724 | -1.16654857
HLA-DPBE1 -0.37387631 0.58564051 0.1068635 | -1.14040262
HLA-DRA -(3.1586953 0.49384548 00019877 | -1.7012316
HSPC159 116353826 -0.81737074 | 037077017 | 0.63285687
INHBA 0.43258054 0.73909525 1 -2.82854664 | -0.2586106
KLKS 0.71178548 0.07715915 -1.3059174 | -1.45870068
KLKT7 1.10613942 -0.96521669 0.04861242 | -1.45110867
KRT19 -2.08146456 -.65158041 1.92383502 | $.85873294
LRIG1 -0.84805801 0.46585875 0.3098969% | 0.30327544
MAL -0.13346434 -0.9253673 1 444770445 | -0.426862375
MGP -0.6042429 1.32936046 0.21361856 | -0.5950463
MICALCL 180741144 -0.11841642 | -0.94374877 | -0.48500442
MRAPZ -0.44588194 -0.13216983 (.343554684 | 1.23894695
NiD2 -0.18358131 0.891236645 | -0.81283786 | 0.00823554
NNMT -(3.1886067 16402351 1 -0.62415093 | -D.5797558
NR4AJ -0.24002463 1.30827564 | -0.50303496 | -0.58788002
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NTRKZ -1.00226189 -0.42777169 0.69034178 | 2.05883128
NTS -0.67695538 {.11676859 (.83353897 | 250807266
OLFML3 -3.4126521 0.895818848 | -0.30628062 | -0.44250578
PDGFRL -0.44480374 1.19873582 | -0.16320951 -0.1862348
PDPN 0.30356845 063656203 1 -1.66343797 | 0.37567565
PGLYRP4 0.88505084 -0.61541037 | -0.33073663 | -0.53271523
PLACS -3.8620805 0.02425181 2.62687438 | -0.06422655
PNLIPRPS 1.57187425 ~0.27236449 | 0.23471355 | 0.27185475
PRAME -0.68486884 -0.42350375 1 -0.55356105 1.405513
RABR38 0.73827 -0.53320387 | 044622498 | -0.52110327
RABSEB -0,.31507222 0.03054955 -3.1385046 | 0.862367865
RARRES2 -0.70373832 168811559 1 -0.00931006 | -0.44940697
RASSF4 -0.39713767 1.21498992 0.16999888 | -0.59789479
RGS18 -03.33545592 1.25137566 0.01059367 | -0.05440816
RGS20 £.88685367 -0.12811884 | -1.20763847 | -0.37923251
SERPINE1 (3.2810981 0.78397534 | -1.50878669 | -0.09188151
SFRPZ -0.58354826 1.8237165 | -0.08747845 | -0.54071748
SFRP4 -3.82161357 3416405 -0.6919744 | -0.47959283
SH3BGRL2 -0.07755835 -3.21264704 1.18251555 | 016710067
SPINKS 1.88381372 -3.8741867 1 -1.152569841 | -0.53103374
SPONY -0.26188125 1.96316318 | -0.31661168 | -0.47379678
STEGALNACH 0.02963621 -03.8947042 1.897280732 | -0.64689348
TIMP1 -03.42985033 142157327 | -0.23141444 | -0.35727128
TMPRSS118 0.06453679 -1.276955 4.01044768 | -0.668858218
TMPRSS2 -0.70192603 -(0.44385887 1.80508878 | -0.22088086
UCHL 1 -1.11166132 0.01624072 0.44356831 | 1.71691127
VCAN -0.54848326 1.40546255 | -0.72685015 | 0.06185013
[3G252] Table 12. Top 421 Gene signatures associated with the Basal, Mesenchymal,
Atypical, and Classical head and neck cancer subtypes
Gene Basal Mesenchymal | Atypical Classical
ABOATZ 1.21E+000 -(3.850148924 -3.383183535 -5 61E-002
ABCCH 1.38E-001 -0.344406848 -0.086857836 1.09E+000
ABCCSH -2 .54E-001 -0.451220573 0.277283771 8.54E-001
ACSLS -1 47E-001 £.489959852 .332483096 -8.58E-001
ACTA2 -3.20E-001 1.050673029 -(.236868617 -3.13E-001
ACTAZ ~4 65E-001 1.065454518 -0.1897492895 -4 1 7E-001
ADAM23 -1.58E-001 -(3.2843888386 -3.039419378 1.54E+000
ADAMTS2 -1.87E-001 0.812777506 -0.65855743 -2 49E-001
ADCY10 -4 89E-002 0.016836912 -0.0698643 4. 73E-001
AEBP1 -3.82E-001 1.120020448 ~0.565084084 -1.84E-001
AlF1 ~3.28E-001 1.005449659 0.063437088 -9 13E-001
AlMA 5.56E-001 -(3.322880127 0.184188006 -7.86E-001
AKR1CH 1.10E-001 -3.86795677 0.069668525 2.59E+000
AKR1C3 5.27E-002 -0.807348052 -0.126891654 1.88E+000
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ALDH1AY -1A4E+Q00 | -0.269442782 2.4383126849 2.82E+000
ALOXS -3.82E-001 0.723336432 0.35602346 -9.50E-001
AMY 1A -4 29E-001 {.3433793033 1.407517327 -2.95E-001
AMY2A -2 .84E-001 {.183748818 1.337762694 -2 88E-001
ANGPTLZ -4 .52E-001 1.086482864 |  -0.295381517 -2.24E-001
ANKRDSY 7ASE-001 -0.655400763 | -0.2456388809 -6.17E-002
APOL3 -1.44E-002 0.15308668 0.286870296 -8.81E-001
APCLDH -2 . 97E-001 £.971440981 -0.311515645 -8.26E-001
AQP3 3.80E-001 -1.114280125 0.423704141 -1.66E+000
ARHGAPS -7 84E-001 0.584439323 1.042630893 -6.82E-001
ARMOX2 -9.40E-001 {3.358433701 0.084853447 2.89E-001
ARMCXKSB -8.88E-001 -0.215160715 0.338173819 3.27E-001
ATP10A -3.55E-001 0.997851584 0.041451716 -4.52E-001
ATP13A4 -1.73E-001 -0.648213389 1.527935514 -1.79E-001
ATP2B1 -309E-003 | -0.1155684063 | -0.243298754 6.58E-001
ATPEVDAL 3.70E-002 | -0.408430058 1.90064795 -1.52E-001
ATPEV1D 4 99E-001 -0.234720733 -0.04507946 -2.31E-001
BBOX1 9.67E-001 -0.278776567 0.549622472 -1.03E+000
BEX2 SLO1E+O00 | 0417675769 0.62501062 1.28E+000
BGN 7.28E-002 0.708886143 | -0.384615158 -2.99E-001
BNC 5.62E-001 -0.395348529 {  -0.830228883 -5.80E-002
C110rf93 -2 85E-001 -0.126353088 1.30010085 2.10E-001
Clorf113 7 11E-001 -0.434313047 |  -0.405814047 -5.29E-001
Clorfiis -7 97E-001 {.010605671 0.621300432 2.21E-001
Clorf3t S 13E-002 | -0.078617147 | -0.274659534 B.22E-001
Clorf3s -1.96E-001 0.874861445 |  -0.292423859 -4.98E-001
Clorb4 -2.92E-001 (.92638232 0 -3.83E-001
CiR -1 895E-001 0.91282809 | 0157497448 -2.41E-001
o2 -1.83E-001 0.819574023 | -0.065378702 -2 485001
C210rf81 -1O2E+000 | -0.380554183 22240084 -3.06E-001
C2orf54 1.07E-001 -1.456000377 1.253437557 -1.41E+000
Corf1g -4 02E-002 -3.10528209 1.03831652 -1.68E-001
CBori168 -4.37E-001 -0.065504472 0.133522012 1.22E+000
CAZ 7. 22E-001 -0.627105351 -1.0503179 -1.87E-001
CABYR -1.53E-001 -0.121569488 0.238344489 1.15E+000
CALB1 232E-002 1 0.359181113 | -0.262916388 3.37E+000
CALD1 1.15E-001 0.442278144 | -0.895502258 -2 .02E-001
CAND2 -6.74E-001 0.296517633 0.744787695 4 95E-001
CASK 8.51E-003 | -0.218552123 | -0.074779285 8.59E-001
CASP4 7 .83E-001 0.196299843 | -0.315306251 -8.59E-001
CAV1 3. 76E-001 0.303384618 | -1.443550652 -3.98E-001
CCDC748 -3.17E-001 .28084425 0.183772135 3.11E-001
CCL1g -8.77E-001 1.207819435 0.967288143 -1.88E+000
CCL2 -3.83E-001 0.893893577 | -0.120687557 -5.892E-001
CCL28 -1.03E-001 (.083962352 |  -0.157271167 1.O6E+000
CCR7 -4 455001 1.153506447 .550936409 -1.48E+000

- 60 -




PCT/US2013/046136

WO 2013/192089

Gens Basal Measenchymal | Atypical Classical

CCRL2 5.78E-002 0.768607143 | -0.341197435 -2.25E-001
Ch14 -9.28E-003 0.550022187 | -0.288945262 -8.11E-001
cb2 -4 .90E-001 0.71820187 0.447225533 ~1.81E+300
Ch48 -2 55E-001 0.878807475 0.853103404 -2.81E-001
CD52 -4 DOE-001 0.714508082 0.5604319568 -1.20E+000
Cb74 -4.28E-001 0.863425454 (.21401578 -1.64E+(00
CDA 9.34E-001 -0.522360638 | -0.503438682 -4 75E-001
CDKN2B 7. 14E-001 -0, 367262427 0403350772 ~1.27E+300
CEACAM/1 -8.30E-002 | -0.479458098 1.770844652 -2 08E-001
CEACAMS 1.85E-001 -1.195283878 1.517954188 -2 ASE-001
CEACAMY 1.71E-001 -.633745355 1.53102362 -3.41E-001
CFRB 4 50E-002 0.467813126 0.21928251 -1.20E+000
CHEFT1 -7 19E-001 .368415397 0.6280368057 2.54E-002
CHRDL2 -1.66E-001 0.926154234 0.248935382 -3.489E-001
CHSTY -1.30E-001 -0.04841803 | -0.080050754 1.14E+000
CHTA -3.39E-002 0.43117938 0.060245327 -8.19E-001
CLCA4 -2.36E-002 | -1.045580371 2.054258351 -1.06E+000
CLCN2 -1.27E-001 -0.184905444 0.068742005 7 65E-001
CLDN1O -5.98E-001 -(3.194873873 2.572600311 2.63E-001
CLDNY -3.58E-001 -0.853776492 .808855878 9.01E-002
CLIC3 5.95E-001 -1.129656348 0.853548178 -1 15E+300
CNN1 -5.54E-001 1.477080921 -0.204070126 1.00E-001
COCH -5.53E-001 0.15654433 (.328840387 9.43E-001
COL1T1AY 6.69E-003 1.945535129 1 -1.412845754 §.23E-003
COL12A1 1.16E-001 0.738700842 |  -1.466283387 -1.17E-001
COL17AY 8.90E-001 -0.010801832 |  -0.493556185 -2 .82E-001
COL1A2 -6.65E-002 1.142146975 | -0.886236896 -2 00E-001
COL3AT -1.06E-001 1.244308803 | -0.740883105 -5.81E-002
COL5AT -7.35E-002 1.151596864 -1.16498573 -2, 77E-001
COLSAZ -5 48E-002 £.9806808593 | -1.116803848 8.42E-002
COLBAZ -2.48E-001 0.923534822 | -0.544214498 -3.20E-001
COLBA3 -1.15E-001 (.851002646 | -0.675939468 -7 27E-002
COL8AT -6.06E-002 1.121631196 |  -0.8948411973 7.04E-002
COLECT1 -5.80E-001 {.378855189 0.342890781 4 25E-001
COLEG1Y2 -3.74E-001 1.164203679 { -0.182241943 -1.78E-001
COMP -4 50E-001 2.292566011 0.202252055 -7.04E-001
CRNN 5.75E-001 -2.7902756929 1.879728017 -1.74E+300
CRYM -§.22E-002 | -0.254587144 1.347846187 -2 41E-001
CSNKIALL 5.91E-001 -0.332572255 | -0.258350663 -2.30E-001
CENK1ATR 5.77E-001 -0.312049608 |  -0.2357808%35 -2.38E-001
CSTA 5.04E-001 -1.487675475 (.589934632 -5.30E-001
CSTR 3.90E-001 -1.275928073 1.019320481 -§.18E-001
CT45A1 -4 54E-001 0.282088446 | -0.435512052 2.92E+000
CTGF -3.862E-003 0.858044845 | -0.805880857 -3.18E-001
CTSK -2.20E-001 (.602699745 | -0.280195695 -1.45E-001
CTSL1 4 855001 0.224164355 § -1.008852848 -2.30E-001
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CWH43 1.54E+000 | -1.742619114 0.064535374 -1.38E+000
CXCL12 -945E-001 2.140568245 0.25053663 -1.25E+000
OXCL1Y -1.78E-001 -00.362373317 0.8718955624 -4 67E-001
CXCR4 -7 AZE-D01 0.900251748 0.284920242 -8.27E-001
CYBB -2.38E-001 0.949327445 0.01247299 -6.58E-001
CYP26AY -5.73E-001 -0.073092383 (.42973868 2.21E+000
CYPZ2E1 -2.29E-001 -0.27 3556368 1.824106885 -2.46E-001
CYP3AS -3.06E-003 | -.987738382 2045142019 -§.78E-001
CYP4B1 -5.31E-001 -0.41988758 2.664268435 -1.02E+000
CYPRAF11 1.42E-001 -0.52423233 (.302582027 2.21E+000
D4S234E 1A8E+Q00 | -1.243071464 | -0.301892366 -3.31E-001
DAARM1 5.80E-001 -0.336180228 | -0.303712221 -2.75E-001
DAB2 -1.38E-001 0.56017232 { -0.126305333 -1.20E-001
DACT1 -3.61E-001 1.388057661 -0.60888427 -5.10E-002
DCN -1.05E-001 1.344360064 |  -0.358097035 -3.01E-001
DEFB103B 7. 16E-G01 -(0.837189761 0.024616415 -6.29E-001
DLXS -1.57E-002 | -0.167245944 | -0.081944802 4.49E-001
DMKN 7. 10E-001 -0.456045358 |  -0.274110081 -5.21E-001
DPYSL3 -9.25E-001 {.957653022 0.034562746 5.49E-001
DSCH 1.82E+000 | -0.566220415 | -0.247658391 1.01E-002
DSC2 1.05E+000 | -0.802860155 |  -0.087575541 2.18E-002
DSG1 1.82E+000 1 -0.806739891 -0.748721684 -7.39E-001
DUSP14 7.54E-001 -0.164593838 | -0.682547404 -1.25E-001
ECHDC2 -4 73E-001 -.08680809 0.845506751 -3.53E-001
EFHAZ -5.39E-001 0.983489516 0.714371694 -2 40E-002
EMP1 -4 85E-002 | -0.508842742 0.8922375326 -3.32E-001
ENAH 3.66E-001 0.128332878 | -0.725850768 -3.18E-002
EPCAM -3.89E-001 -0.30894192 .369204313 1.31E+000
EFGN 1.82E+000 -0.6381383 |  -0.042851356 -4.68E-001
EPHX2 -2 85E-001 -0.42759807 1.037838242 -1.57E-002
EREG 148E+000 | -0.419344153 |  -0.828724891 -1.10E+000
EYAZ -1 40E+0Q00 | -0.063192112 2462963338 2.81E-001
F13A1 -2.06E-001 0.861770797 | -0.123770247 -7 78E-001
FABPS 8.23E-001 -0.479845895 |  -0.568350316 -3.45E-001
FAMIO1A -5.76E-001 1.657262198 {  -0.338461108 -2 41E-001
FAM119A -1.58E-001 -0.012745808 | -0.066611106 §.27E-001
FAMATEB -1.61E-001 0.843824836 | -0.156323284 -2 52E-001
FAM198B ~1.14E-001 1.39244454 -0.38970484 -3.09E-001
FAM3B -8.14E-001 -0.639957464 3.9504268423 -3.01E-001
FAM3D -5.10E-001 -0.992650089 0.95347955 -3.49E-001
FAMA4ER 3.95E-001 -0.517478838 (.239701649 -1.47E+000
FAMA48R2 3.34E-002 | -0.061438843 1.127843706 -1.88E-001
FAMT71F1 -1.40E-001 0.176350132 | -0.085010284 1.18E+000
FAM8B3A 9.59E-001 -0.36992713 | -0.629867112 -3.49E-002
FAMB3B 7.54E-007 -0.474890802 | -0.247830538 1.07E-001
FBLIM1 8.35E-001 0.042751068 | -0.5623410986 -2 .99E-001
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FCER1A -3.79E-004 £.038815521 0.689284348 -1.06E+000
FCGR1A -1.85E-001 0.84586684 | 0177685474 -5.03E-001
FCGRIC -8.75E-002 0.99171583 { -0.148322565 -7.76E-001
FGL2 -1.38E-001 0.585849484 |  -D.050457001 -1.18E+000
FLRT3 1.44E+000 | -0.001292334 | -1.853502027 -7.51E-001
FMO2 -1.46E-001 -0.001407586 1454534272 -4 36E-001
FN1 -2.84E-001 1.200485988 |  -0.680625828 -4 45E-002
FNDCH -2.98E-001 1.621511851 -0.790403218 -6.91E-001
FOXA1 -8.35E-001 -0.728884919 1.828347421 2.93E-001
FOXP1 -4.29E-002 0.296978331 0.124054717 -5.56E-001
FSTL1 -2 . 97E-001 1.04880607 -(3.5895564 -7 .29E-002
FSTL3 4.66E-001 0.159592837 |  -0.966925955 0.00E+000
FUT3 8.97E-002 |  -0.782402684 1.016480721 -7 .38E-001
FUT5 1.35E-001 -0.805645409 1.424360829 -7 B82E-001
FUTS 8.81E-002 | -0.421306208 1.316249504 -3.14E-001
FUTY -7 O0E-Q02 | 0.157973732 1.082793383 -2, 71E-001
FYB 2.05E-002 0.826238248 0.062676415 -9.32E-001
FZD7 -8.11E-001 0.1075121 0.281277548 1.00E+000
GABRP -3.12E-001 -3.15934857 1.716288795 -2 71E-001
GALNT12 -6.05E-001 -00.284084438 1.383745467 3.29E-001
GALNTS 6.42E-001 -0.06315521 -0.583857338 -2, 18E-301
GAS1 1.16E-001 1.371254268 | -0.725452696 -1.83E-001
GBFE 2.77E-001 -1.247128333 1.083369022 -1.50E-001
GCNT2 -5.33E-001 {.012055685 0.608172602 5.23E-001
GCNT3 -6.87E-002 | -0.322144853 1.270432155 2. 03E-001
36715 5.86E-003 0.898025205 | -0.491348042 -6.62E-001
GGTAT -7 .00E-002 0.512068407 0.461744488 -1.38E+000
GIMAPS -1.83E-001 0.482118654 (3.343314671 -1.12E+000
GIMAPS -2 19E-002 0.665304548 0.158309732 ~1.03E+300
GMFG -4.31E-001 1.059175668 0.300434155 -8.79E-001
GNG11 -8.85E-002 1.028699462 |  -0.143932691 -5.37E-001
GPD1L -1.87E-001 -0.119665323 0.902202893 -5 51E-017
GPR110 5.38E-001 -2. 275284677 1.761816909 -1.48E+000
GPR115 6.04E-001 -0.497623887 0.006236637 -§.46E-001
GPX2 -5.87E-001 -0.825880323 0.804460854 1.98E+000
GRASP -4.30E-001 1.091608781 (.016383431 -3.85E-001
GRHL3 4.30E-001 -1.287770156 0.508830019 -2 47E-001
GSDMC 1.01E+000 -0.38606587 | -0.276940216 -6.43E-001
38FT2 -247E-001 £.031716848 0.1668420024 4.33E-001
GSTA1 -3.17E-001 -0.098617521 0.941564612 1.45E+000
GSTAS -4 84E-001 -0.074516688 1.131279584 2. 14E+000
GSTM2 -7 22E-001 -0.0220821886 0.561979952 1.20E+000
GSTM3 -8.57E-001 -0.264352657 0.336978378 1.91E+000
GZMA 4 55E-002 0.452230643 | -0.005311118 -1.54E+000
GZMK -4.34E-001 0.642294874 0.204380268 -1.37E+300
HAVCR2 -5.70E-002 0.6556357581 -3.108186339 -2 13E-001
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HEY1 -5.59E-001 0.4344292 0.010896057 1.48E+000
HLA-DMA -2.19E-001 0.685113708 0.4216724 -1.47E+000
HLA-DPAY -2.22E-001 0.659680433 0.351826047 ~1.05E+000
HLA-DPB1 -3.74E-001 0.585640508 0.106863499 -1.14E+000
HLA-DOB1 -2 46E-001 0.456097958 0.105134601 -8.62E-001
HLA-DQB2 -2 18E-Q01 0.587335292 0.097074221 -1 18E+000
HLA-DRA -1.58E-001 0.49384548 -0.0018877 -1.70E+000
HLA-DRBS -3.79E-002 (.408821096 0.065328037 -8.01E-001
HLF -4.16E-001 -0.2107738 1.080707583 4 80E-002
HOXCY -2 86E-001 0.160822497 | -0.8340830437 9.40E-001
HFGD -S.51E-002 | -0.221819554 1.313337434 -1.89E-001
HS3S5T4 -2.17E-001 -0.066871907 1.008513545 5.06E-002
HSD1181 5.89E-003 1.084841302 { -0.395827019 -3.18E-001
HSPB2 -4 53E-001 1.198778448 0.090387023 -5.85E-001
HSPC159 TAGE+D00 | 0817370744 | 0370770166 -65.33E-001
HTRA3 -2 16E-001 0.712168782 |  -0.482745538 -3.53E-001
ICAMZ -2.19E-001 0.942489285 0.4895706842 -8.78E-001
IFFO -2 .03E-001 1.107885243 0.023168847 -4.41E-001
IGFRPY -2 11E-001 0.751716204 | 0492782742 -2 46E-001
18 9.13E-001 -0.534686107 | -0.109637416 -8.84E-001
IL1F5 B.74E-001 -1.458971317 | -0.325621594 -6.36E-001
IL21R -3.98E-001 0.707131951 0.08654 10921 -7 .96E-001
411 -4.00E-001 0.703123196 0.0136598058 -5.73E-001
iL8 -2 01E-001 1.838447371 -1.27590628 8.36E-001
INHBA 4.33E-001 0.730005246 | -2.828546637 -2.58E-001
IRF8 -1.77E-001 0.820874728 0.197117289 -7 .83E-001
JAM2 -3.55E-001 0.801604923 0.242368553 -3.87E-001
KONMB3 -2 40E-001 -0.008715607 (.004102137 4 68E-001
KCTD12 4.28E-003 0.59076735 |  -0.211490302 -8.97E-001
KIAA1609 5.58E-001 -0.087105624 | -0.514847103 -4 98E-001
KLKS 7 12E-001 0.07715815 1 -1.305917404 -1.48E+000
KLK7 LATEAQ00 | -0.965216685 0.0458612422 -1 45E+000
KRT10 1.23E+000 | 0448967067 | -0.189985135 -3.28E-001
KRT13 8.01E-002 | -0.124661297 0.898367593 -5.32E-001
KRT15 -3.26E-001 -0.098274628 0.965763844 -4.68E-001
KRT13 -2.08E+000 | -0.651580405 1.923935022 9.59E-001
KRT24 8.37E-001 -2 241275957 2.206810114 -3.18E-001
KRT4 3.39E-001 -1.463831603 1.613425676 -6.65E-001
KRT75 1.28E+000 | -0.507514718 | -0.073749228 -8.48E-001
KRT79 9.15E-001 -0.949427397 |  -0.173583825 -4 34E-001
LAMAG -1.80E-001 D.729756482 | -0.461642439 -9.31E-002
LGALS1 5. 78E-002 0.506926804 | -0.933634247 1.01E-001
LHFP -1.87E-001 0.795241178 {  -0.371213406 -4.96E-001
LMO4 -2.38E-001 0.004579139 0.916506975 -3.16E-001
LOC284233 -B.66E-002 | -0.075513205 0.601801656 -2 79E-002
LOCE43008 584E-002 F -0.5135683947 1.185838212 -5.40E-001
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LPAR3 7. 10E-001 -0.201561335 | -0.602438428 -4 .30E-002
LPPRA -2 49E-001 0.029149685 |  -0.010962796 5.38E-001
LRIG1 -3.48E-001 0.455658751 0.309896986 3.03E-001
LRP12 -1.38E-002 0.003855851 -0.655861118 8.33E-001
LST1 -1.45E-001 0.756034756 | -0.117600035 -6.91E-001
LTB -2.81E-001 (.857247403 0.969622399 -1.22E+000
LTF -8.54E-001 0.019220535 3.301548333 -5.53E-001
LXN -8.23E-001 0.568056227 0.344398221 -1.10E-001
LYPDS 1.08E+000 | -0.208231225 | -0.338530658 -3.28E-001
MAGED4R -7 B85E-001 0.484853086 | -0.015310825 7 ATE-001
MAL -1.33E-001 -(3,.825367297 4 447704447 -4 27E-001
MANSCH -3.78E-001 -0.407750833 1127746846 3.01E-001
MARVELDH1 -1.52E-001 0.435500831 -3.83800127 3.05E-002
MDK -6.50E-001 0.483205803 0.479151689 4. 71E-001
MEF2C -3.93E-001 1.180427338 (.298258448 -6.15E-001
MEH -4.78E-001 1.234899004 0.863330186 ~1.13E+000
MGP -6.04E-001 1.328360455 0.2136818556 -5.98E-001
MGET2 -1.06E-002 | -0.244845467 0.800877315 -1.76E-001
MICALCL 1B1E+000 | -0.118416415 | -0.9437487867 -4 85E-001
MMP1 8.72E-001 0.979687473 | -1.878844495 -2.20E-001
MMP 28 5. 22E-001 (.356597648 |  -0.146391962 ~1.36E+000
MMP3 1.08E+000 1.715223971 -1.581331988 -4 47E-001
MOBKL2B 1.01E+000 | -0.016470486 | -0.313515306 -4 65E-001
MPPED -1.53E-001 -0.113987147 0.373664548 1.09E+000
MRAP2 -4 46E-001 -00.132168834 0.343554635 1.24E+000
MRAS -2 02E-001 0.717208807 |  -0.198574497 -2.38E-001
MS4A1 -3.20E-001 0.407478329 1.143888025 -3.35E-001
MS4A4A -6.56E-002 14108400548 | -0.258089264 -4 01E-001
MT1B 4 47E-001 0.970442168 |  -1.358072766 -B8.71E-001
MT1IL 5.17E-001 1.145063942 | -1.314245508 -8 17E-001
MT2A 4 88E-001 0.820682518 | -1.450635835 -5.60E-001
MUC20 -5.57E-001 -0.870145692 1.233065638 3.22E-001
MUC4 -4 09E-001 -0.625152662 1.256718702 -1.20E-001
MXRAS -3.71E-001 0.719318376 | -0.400035237 -3.65E-001
MXRAS -6.16E-001 1.045510927 | -0.280165861 -3.17E-001
MYLS -1.88E-001 0.690048362 | -0.227352552 -3.08E-002
MYOSC -4 22E-001 -(3.365249698 1.424082092 -1.56E-001
NAPSHE -2.56E-001 0.582354582 (.539135244 -1.12E+000
NDFIP2 5.93E-001 -0.456026038 |  -0.138857234 -1.891E-001
NEXN 1.14E-001 1.010894728 | -0.603585775 -4 O07E-001
NiD2 -1.94E-001 0.812366445 | -0.812837859 -9.93E-002
NLRP3 2.94E-001 0.848170471 -0.587313005 -8.08E-001
NMU 8.35E-002 | -1.050425878 1.327115427 -8.36E-001
NNMT -1.88E-001 1.840235087 | -0.524150926 -5.80E-001
NR4A3 -2 ABE-Q01 1.308275635 | -0.503034963 -5 88E-001
NT5E 3.93E-001 0.634629418 | -1.017419268 -5.73E-002

-65 -




PCT/US2013/046136

WO 2013/192089

Gens Basal Measenchymal | Atypical Classical

NTNG2 -1.80E-001 0.913473705 | -0.237999633 -2.29E-001
NTRK2 -1O0E+HD00 | 0127771687 0.590341777 2.068E+000
NTS -B8.77E-001 £.116768592 0.833538965 2.51E+000
OLFMLZB -1.41E-001 0.875082615 | -D.480966953 -1.84E-001
OLFML3 -4 13E-001 0.958198475 | -0.306280624 -4 A3E-001
ORC8L 1.65E-002 | -0.157330082 -0.25137985 9.88E-001
OTUD1 8.36E-001 -0.138747676 |  -0.270354361 -3.17E-001
P4HAZ 2.97E-001 0.372331755 |  -0.840507231 3.25E-002
PANX1 5.20E-001 0.048483572 | -0.746128946 -2 .56E-001
PAQRS 7.70E-001 -0.371418661 -0.543585823 -1.18E-001
PCDHT §.52E-001 0.092326466 | -0.507123335 -8.44E-001
PCOLCE -4 99E 001 0.743430165 | 0.193312325 -1.68E-001
PDEGR -7 21E-001 0.36501018 0.671461389 6.12E-002
PDOFRL -4 A5E-001 1.198735818 |1 -0.163929513 -1.86E-001
PDEN 3.04E-001 0.536582033 -1.86343797 3.76E-007
PDZD2 3.589E-001 -0.212871078 (.25947319 -5.98E-001
PEN2 -8.79E-002 | -0.302079218 | -0.189807355 9.70E-001
PCLYRP4 8.85E-001 -0.815410366 | -0.330736627 -5.33E-001
PIR -2 48E-001 -.641982926 0.545876899 1.24E+000
PITX1 1.27E-001 -0.516701658 (.850515437 -4 17E-001
PKP1 4.91E-001 -0.997312703 | -0.385056098 -1.07E-001
PLACS -8.62E-001 0.024251813 2.826874385 -8.42E-002
PLAU 1.53E-001 0.620269115 |  -0.8922246794 -7.32E-002
PLCEA -7 80E-001 (.331542762 (.62464978 8. 11E-002
PMp22 -2.93E-001 0.750200735 | -0.344285191 -2 47E-00
PNLIPRP3 1.57E+000 | -0.272364493 | -0.234713546 -2 72E-001
POSTN -5.36E-002 1.724039041 -1.131864401 -8.42E-002
PP14571 -2 53E-001 -0.272608281 1.632484639 -1.87E-002
PPAPDC3 -2 03E-001 1.358125039 |  -0.230492835 8.48E-002
PRIF 9.33E-001 -0.2068867623 | -0.585758743 -1.96E-001
PRL 1.56E-001 -0.803933634 0.923849485 -3.69E-001
PPP2R2C 7.86E-001 -0.810020889 | -0.488838207 -1.49E-001
PRAME -6.95E-001 -0.423503751 -0.553561053 1.41E+000
PRR15L -4.94E-002 | -.488258756 1.55338868 -1.61E-001
PRES27 5. 48E-001 -0.868788057 1401474857 -8.01E-001
PSCA 8.80E-002 | -0.203947184 1.026601633 -5.95E-002
PTN -1 A5E+000 -0.44442481 1.30377396 8.46E-001
PTX3 -2.24E-001 1.04068096 | -0.603480611 -3.23E-001
RAB38 7.38E-001 -0.533293863 |  -0.448224882 -5.21E-001
RABSE -3.15E-001 0.030549563 | -0.139504801 8.62E-001
RAETIE 8.37E-001 -0.889120545 (.421788242 -1.07E+000
RARRESZ -7 04E-001 1.688115591 -0.009310057 -4 49E 001
RASAL3 -4 59E-001 $.883380902 0.620088517 -2 12E-001
RASSF4 -3.87E-001 1.2149909817 .1699998383 -5 98E-001
RECK -3.48E-001 0.915397213 | -0.137288515 -2 27E-001
RFTN1 1.86E-001 0.424058022 | -0.588685897 -§.20E-001
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RGMA -4 B36E-001 -0.088937863 0.8127840865 8.84E-001
RGS16 -3.35E-001 1.251375664 0.010593665 -5.44E-002
RGS20 9.87E-001 -00.128118835 -1.28763847 -3.79E-001
RIMKLA -3.58E-001 -0.096768783 0.065960074 8.03E-001
RNASE" -8.30E-002 0.702908505 | -0.175733978 -3.63E-001
RRAS2 7.80E-001 -(.036759041 -0.791858069 -8.88E-002
S100ATA 1.08E+000 | -0.870462557 | 0187283443 -8.67E-001
S1008 -2 78E-001 0.517765865 0.245807777 -8.52E-001
SAMDS 7.38E-001 -0.41885608 |  -0.030798084 -4 10E-001
SCEL 5.34E-001 -1.941481153 1.440181122 -8.73E-001
SCN1A -1.41E-001 (.015081415 { -0.012787583 6.82E-001
SCNN1A -8.99E-002 | -0.846840154 1.013202708 2.98E-001
SERPINBS 7. 15E-001 -0.658371864 | 0528747328 -2 .00E-001
SERPINE7? 1.O1E+000 | -0.621534154 | -0.434658433 -1.79E-001
SERPINBS 8.59E-001 -0.295912049 | -0.090311073 -3.48E-001
SERPINE1 2.81E-001 (.783975335 { -1.508786685 -8.19E-002
SFRP1 4.55E-001 0.486706716 | -0.0867784494 -1.55E+000
SFRP2 -5.84E-001 1.8237164985 | -0.097478448 -5 41E-001
SFRP4 -8.22E-001 3418405004 | -0.691874401 -4 80E-001
SGEF -5 40E-001 -00.24942471 1 0.724305253 7.87E-001
SH2D5 £.95E-001 (.158615404 | -1.188855617 -3.18E-001
SH3BGRL2 -7.76E-002 | -0.212847038 1.182515554 -1.67E-001
SLAMF? 3.84E-001 0.587330427 0.053700803 -9.68E-001
SLOZAY 7.53E-001 -0.128242855 | -0.3508632989 -2 48E-001
SLC31A2 8.29E-001 0.162850411 0.7370683883 -8.58E-001
SLC37A1 -1.44E-001 -0.0236681739 0.74120181 -1.70E-001
SLCGA10P -3.74E-Q02 | -0.483363477 | -0.0079455894 1.04E+000
SMARCD3 -5 76E-001 0.8628277357 (.240238806 2.57E-001
snai -7 .37E-001 0.241186675 | -1.146558906 -8.84E-001
SNAIZ 3.20E-001 0.286204446 | -0.824518111 2.80E-001
S0D3 -4.30E-001 0.993804834 (.268514443 -5.54E-001
SORBS2 -1.58E-001 {.348002018 1.340047916 -4 55E-001
SOSTLCH -4 09E-001 0.034772278 0.35815764 1.72E+000
SOX2 -3.77E-002 {.364903257 2043139358 2.80E+000
SPARC -2 .60E-001 1.108141191 0.612318629 -8.48E-002
SPINKS 3.63E-001 -1.45981084 1.257121929 -1.57E+000
SPINKE 1.89E+000 | -0.874186699 { 1152698411 -5.31E-001
SPON1 -2.62E-001 1.963163183 | -0.316611655 -4, 74E-001
SPRRZG 1.35E+000 | -0.207539078 | -1.438005447 -7 .50E-001
STSGALNACH 2.98E-002 | -0.684704204 1.872807315 -8.47E-001
STAB1 -8.86E-002 0.412683486 0 -9.30E-001
SYTL3 -3.12E-002 {.35320:9685 0.221679767 -8.27E-001
TAGLN -2.19E-001 0.982287635 |  -0.190960072 -2 16E-001
TBC1D10C -3.37E-001 0.807839442 0.907144543 -1.32E+000
TCEA3 -4 0SE-001 -.318754503 0.824220959 -1.16E-002
TFROC -2.28E-001 -0.169500761 {.068624092 §.10E-001
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TGFB3 -2.16E-001 0.570768508 | -0.283777878 -3.48E-001
TGFBI 5.38E-001 0.434142377 | -1.261382148 7558002
TGM3 1.10E+000 | -1.531682908 1.689610881 -3.61E-001
THBS2 -2 A1E-002 1.166108448 | -1.484472491 -2.80E-001
THSDA 6.61E-001 0.125593418 | -0.815532483 -1.68E-001
THYA -2.15E-001 0900785117 1 -0.351780204 -2 03E-001
TP -4 30E-001 1421573271 -0.231414439 -3.57E-001
TLRS -2 25E-001 -0.0964328% 0.837118222 -1 75E-001
TMEM154 5.86E-001 -0.981609548 | -0.017128383 -8.12E-001
TMEMI176B -2 70E-001 .857396556 0.013984741 -8 A6E-001
TMEMS51 1.38E-001 024380605 | -0.122716246€ -6.21E-001
TMPRSS11A -8.28E-002 | -0.282031751 1.138321199 -6.80E-002
TMPRSS118 Q45E-002 | -1.276854995 4010447682 -§.70E-001
TMPRSS2 -7.02E-001 -0.44385887 1.805008776 -2.21E-001
TNFRSF12A 2. 73E-001 0.289577633 | -1.283145772 -3.01E-002
TPM1 2ADE-002 £.718612311 -0.840222411 -8.128-002
TPM2 -1.70E-001 0926795312 |  -0.852770846 -4 85E-002
TRAF3IPS -5.84E-001 {.776520718 0.884191079 -1.28E+000
TRPVZ2 -2.67E-001 0.798700139 0.0556708965 -4 7T1E-001
TUBBZA 7. 70E-001 -0.416730337 | -0.238473275 -3.38E-001
TXNRDY -1 10E-001 -0.117942165 | -0.09965534 1 1.24F+000
UCHL -1 11E+Q00 0.01624072 0.443568311 1.72E+000
UppP1 9.20E-001 -0.462177801 -0.985891621 -1.77E-001
VASN 5.96E-002 0.662201692 0.198831984 -5 .86E-001
VAV 4. 86E-005 | -0.156204926 $.63234442 -8.89E-001
VCAN -5.49E-001 1.405462528 | -0.726850148 §.19E-002
VEGFC 1.53E+000 1.166583704 |  -0.928987979 -4 13E-001
VGLL3 -1 49E-001 108110238 | -0.415371405 -2 TTE-002
Vil -4 18E-001 (.915888837 | -0.220035876 -2 27E-001
WDFY4 -1.59E-001 $.358636707 0.136868747 -8 .87E-001
WISP2 -2.50E-001 1.194320758 002677436 -2 25E-001
WNT4 7.63E-001 -0.295506514 0.253170282 -8.08E-001
ZBEDS -5.64E-001 $.554377602 0.334041108 2.85E-002
ZOHHGC2 -5.18E-001 -0.018832412 (.348255585 §.48E-001
ZER2 -1.36E-001 0.659048856 | -0.0871230947 -2.19E-001
ZICH -8.15E-001 $.226137728 0.26693427 1.865E+000
ZNF521 -4, 19E-001 (.828159968 0.035153403 -2 56E-001
ZNFG39 -1.85E-001 -0.026730814 | -0.180356293 £.85E-001
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CLAMS
What is claimed is:
I. A method for determining a prognosis for a pationt with head and neck cancer which
comprises:
{a) obtaining a suitable patient sample;
(b measuring a muclear pl6 expression level; and
(<) comparing the muclear pld expression level from the patient sample with an
expression level for a control sample, wherein the nuclear pl16 expression level
is indicative of the prognosis for the patient with head and neck cancer.
2. The roethod of claim 1, wherein the nuclear pl6 expression level is reduced and the
reduction is due to mutations or copy number loss,
3. The method of claim 1, which further comprises measuring levels of RBI and pS3
and a reduced lovel of RBI or p53 in combination with a reduced nuclear pl6 expression
level indicates a poor prognosis,
4. The method of claim 1, which further comprises measuring levels of CONB wherein
fnereased levels of COND are indicative of a poor prognosis.
5. The method of claim 1, which further comprises measuring levels of expression
associated with the atypical subtype wherein expression of the atypical subtype is indicative
of a poor prognosis.
6. The method of claim 1, which further corprises measuring a cytoplasmic plo
expression level, wherein if the nuclear p16 expression level is reduced and the cytoplasmic
pl6 level is elevated in indicative of a particularly poor prognosis.
7. The method of claim 1, wherein the muclear p16 expression levels are measured by an
mRNA assay.
8. The method of claim 1, wherein the nuclear pl6 expression fevels are measured by a

protein assay.

9. The method of claim 8, wherein the vuclear pl6 cxpression levels are mocasured using
antibodies.

114 The method of claim 1, wherein the patient sample is a biopsy sample.

It The method of claim 10, wherein the biopsy sample s a lymph node biopsy sample.
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12, The method of claim 1, wherein the head and neck cancer is 3 squamous cell
carcinoma (SCC).

13. The method of clairo 1, wherein the head and neck cancer is a hypopharynx, a glottis
larynx, a larynx, a lip, a nasopharynx, an oral cavity, a salivary gland, a sinus, or a

superglottic larynx cancer.

4. A method for deterroining a proguosis for a patient with head and neck cancer which
COTIPTISeSs:
(a) obtaining a suitable patient sample;

{b) measuring a level of COND; and
{c) corpparing the level of CONDIU from the patient sample with a level of
CCNDI for a control sample, wherein the level of CCNDI is indicative of the

prognosis for the patient with head and neck cancer.

15 A wmethod for determining a prognosis for a patient with a solid tumor which
COTIPTISeSs:
(a) obtaining a suitable patient sample;

{b) measuring pl6 and RBI genotypes, a CCND1 copy number, and a pl6 nuclear
protein expression level; and
<) comparing the pi6 and RB1 genotypes, the COCND copy number, and the pl6
nuciear protein expression level from the patient sample with pl16 and RBI
genotypes, a CCND1 copy number, and a pl6 nuclear protein expression level
associated with a control sample, wherein the pl6 and RB1 genotypes, the
CONDI copy number, and the pl6 nuclear protein expression level are
indicative of the prognosis for the patient with the solid tumor.
16, The method of claim 13, further coraprising measuring the expression of genes

associated with an atypical subtype.

{7.  The method of claim 13, wherein the sohid tumor is a solid tumor of epithelial onigin.
I8. The method of claim 13, wherein the solid tumor 18 a squamous cell carcinoma or a
melanoma.

19, A method for determining an appropriate radiation and/or chemotherapy protocol for

a patient with head and neck cancer which comprises:

{a) obtaining a suitable patient sample;

- 75 -
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(b) measuring a muclear pl6 expression level; and

{c) comparing the nuclear pl6 expression level from the patient sample with a
level agsociated with a control sample, wherein the nuclear pl6 expression
ievel is indicative of the appropriate radiation and/or chemaotherapy protocol.

A method for monitoring a patient for head and neck cancer recurrence which

comprises:

{(a) obtaining a suitable patient sample;

{b) measuring a nuclear pi6 expression level; and

{c) comparing the nuclear pl6 expression level from the patient sample with a
level associated with a control sarople, wherein the nuclear pl6 expression
ievel is indicative of head and neck recurrence in the patient.

A method for monitoring the progress of a treatment protocol for a patient with head

and neck cancer which comprises:

{(a) obtaining a suitable patient sample;

(b) measuring a muclear pl6 expression level; and

{c) comparing the nuclear pl6 expression level from the patient sample with a
level associated with a control sarople, wherein the nuclear pl6 expression
ievel is indicative of the progress of the treatment for the patient.

The method of claim 1, wherein the method for determining the prognosis is

performed by a reference laboratory.

The method of claim 1, wherein the method for determining the prognosis is

performed by a hospital pathology laboratory.

The method of claim 1, wherein the method for determining the prognosis 18

performed by a doctor.

The method of claim 3, further comprises an algorithm to analyze the nuclear plo,

RB1 and p33 expression levels.

A method for selecting a patient with head and neck cancer for a treatment regimen

which comprises:

(a) obtaining a suitable patient sample;

{b) measuring a nuclear pl6 expression level;
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{(c) comparing the miclear pl6 expression level from the patient sample with an
expression level for a control sample, wherein the nuclear p16 expression level
is indicative of the head and neck cancer treatment regimen; and

{d)  thereby selecting the patient for the head and neck cancer treatment regimen.

27. A method for identifying a patient with head and neck cancer for a treatment regimen
which comprises:

{(a) obtaining a suitable patient sample;

{b) measuring a nuclear pi6 expression level;

{c) comparing the miclear pl6 expression level from the patient sample with an
exprossion level for a control sample, wherein the nuclear pl6 expression level
is indicative of the head and neck cancer treatment regimen; and

{d}) thereby identifying the patient for the head and neck cancer treatment regimen.

28. A kit for determining the proguosis of a patient with head and neck cancer which
COTIPTISeSs:
(a) a means for measuring a nuclear pl16 expression level; and

{b) instructions for comparing the nuclear pl6 expression level from patient
sample with a nuclear pl6 expression level for a patient control, wherein a
reduced nuclear pl6 expression level is indicative a poor prognosis for the
patient with head and neck cancer.

29. A kit comprising:
(a) a reagent selected from a group consisting oft

i

o~

N

nucleic acid probes capable of specifically hybridizing with pucleic
acids from pl6;

(i) a pair of mucleic acid primers capable of PCR amplification of pi6; and
(11t  antibodies specific for pl6; and

instractions for use in measuring noclear pld expression levels 1o a tissoe

o
=3
Rt

sample froro a patient with head and neck cancer.

fad
o

A method of identifving a compound that prevents or treats head and neck cancer, the
method comprising the steps oft

{a) contacting & tissue or an anirnal model with a compound;

{b) measuring nuclear pl6 expression levels; and

g g
- -
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comparing the puclear pl6 expression levels in the animal model with a level
associated with a control; and determining a functional effect of the compound
on the bacteria levels, thereby identifying a compound that prevents or treats

head and neck cancer.
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Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: head and neck cancer, nuclear p16 expression, head and neck
squamous cell carcinoma, HNSCC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X YUEN et al., “Clinicopathological significance of pl6 gene expression in the 28-30
surgical treatment of head and neck squamous cell carcinomas’
Journal of Clinical Pathology, Vol.55, pp.58-60 (January 2002)
See discussion.

A STRAUME et al., “Loss of nuclear pl6 protein expression correlates with 28-30
increased tumor cell proliferation (Ki-67) and poor prognosis in patients
with vertical growth phase melanoma”

Clinical Cancer Research, Vol.6, No.5, pp.1845-53 (May 2000)

See abstract.

A WEINBERGER et al., “Prognostic significance of pl6 protein levels in 28-30
oropharyngeal squamous cell cancer”

Clinical Cancer Research, Vol.10, No.17, pp.5684-91 (September 2004)
See abstract; results (pp.5685-5686).

A US 2010-0099093 A1l (WEAVER et al.) 22 April 2010 28-30
See abstract; claims 1-8.

|:| Further documents are listed in the continuation of Box C. }X‘ See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"I"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"0"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed
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Box No.II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 1-27
because they relate to subject matter not required to be searched by this Authority, namely:

Claims 1-27 are directed to diagnostic methods for the human body and thus relate to a subject matter which this International

Searching Authority is not required, under Article 17(2)(a)(i) of the PCT and Rule 39.1(iv) of the Regulations under the PCT,
to search.

2. I:l Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II' Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. I:l As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:l As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I:l No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest [l The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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