wo 2013/172947 A1 [N 00000000 O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/172947 Al

21 November 2013 (21.11.2013) WIPO I PCT
(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
GOIN 33/574 (2006.01) CI12Q 1/68 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
GOIN 33/50 (2006.01) GOIN 33/68 (2006.01) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
i L. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(21) International Application Number: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
PCT/US2013/031006 NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(22) International Filing Date: RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
13 March 2013 (13.03.2013) ™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(25) Filing Language: English
L ) (84) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
- . GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ
(30) Priority Data: > s s LYy VRS > 2 D D D8, L
61/648.714 18 May 2012 (18.05.2012) UsS UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant: UNIVERSITY OF LOUISVILLE RE- EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
SEARCH FOUNDATION, INC. [US/US]; Office of MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
Technology Transfer, MedCenter Three, 201 East Jefferson TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Street, Suite 215, Louisville, Kentucky 40202 (US). ML, MR, NE, SN, TD, TG).
(72) Inventors: HAQ, Hongying; 11702 Oak Bay Drive, Declarations under Rule 4.17:
Louisville, Kentucky 40245 (US). MCMASTERS, Kelly . , .
M.; 5707 Spring Bluff Drive, Crestwood, Kentucky 40014 as to applicant’s entitlement to apply for and be granted a
(US) patent (Rule 4.17(i1))
74) Agents: DECKER. Mandv Wik ¢ al: Stites & H — as to the applicant’s entitlement to claim the priority of the
74 b'gen ;LLC 400 V’V tall\l/[ yk tlSston te Sa : 118(6)% L ar- earlier application (Rule 4.17(iii))
ison , est Market Street, Suite , Louis-
ville, Kentucky 40202 (US). Published:
(81) Designated States (unless otherwise indicated, for every ~—  With international search report (Art. 21(3))

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(54) Title: METHOD AND SYSTEM FOR PREDICTING RECURRENCE AND NON-RECURRENCE OF MELANOMA USING
SENTINEL LYMPH NODE BIOMARKERS

(57) Abstract: A method of characterizing melanoma in a subject involves determining the presence or level of one or more bio-
markers in a sample obtained from a sentenal lymph node (SLN) of a subject.



WO 2013/172947 PCT/US2013/031006

METHOD AND SYSTEM FOR PREDICTING RECURRENCE AND NON-
RECURRENCE OF MELANOMA USING SENTINEL LYMPH NODE
BIOMARKERS

RELATED APPLICATIONS

[0001] This application claims priority from U.S. Provisional Application Serial No.
61/648,714 filed May 18, 2012, the entire disclosure of which is incorporated herein by this
reference.

TECHNICAL FIELD

[0002] The presently disclosed subject matter relates to methods for prognosis of
melanoma in a subject. In particular, the presently-disclosed subject matter relates to
methods of predicting melanoma recurrence and survival in a subject by determining a
presence or level of one or more biomarkers in a sample obtained from a sentinel lymph node
of the subject.

INTRODUCTION

[0003] Melanoma is characterized by both a rapidly-rising incidence and a growing
lifetime risk. Melanoma treatment is confounded as a rather heterogeneous disease and very
wide variability of prognosis, with subsets of patients undergoing unexpectedly poor

prognosis. Lack of a precise prognostic tool results in the imprecise application of adjuvant
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therapy by both under-treatment of those patients who are at high risk of recurrence and over-
treatment of those who are actually at low risk.

[0004] At present, melanoma prognosis is based on clinicopathologic factors and a
population-based staging system. The histological and clinicopathological factors include
Breslow thickness, primary tumor ulceration, primary tumor anatomic site (extremities,
trunk, head and neck), age, gender, number of positive lymph nodes, the largest diameter of
metastatic foci in the sentinel lymph node, and distant metastasis. The standard staging
system is the American Joint Committee on Cancer (AJCC) TNM classification. It is based
on the combination of 3 factors: (1) tumor thickness (T), as described by Breslow thickness
(expressed in millimeters); (2) lymph node status (N); and (3) distant metastasis (M). The
TNM staging system identifies 4 stages associated with different clinical outcomes. These
histological and clinicopathological prognostic factors should only serve as the primary
stratification criteria. There, however, still remains significant variability in overall risk
assessment for individual patients.

[0005] Sentinel lymph node (SLN) status is the strongest predictor of survival for patients
with clinically localized melanoma.'” Melanoma patients with a single microscopically-
positive sentinel lymph node (SLN) are classified as stage I11. In the past, when nodal
metastases were commonly diagnosed when palpable, the 5-year survival rate for stage 111
melanoma was approximately 30%. However, SLN biopsy, with intensive histopathological
and immunohistochemical analysis, has allowed detection of very early nodal metastasis.
Patients classified as stage III and often are advised to undergo expensive and substantially
toxic adjuvant therapy. However, the 5-year survival rate of such patients, with or without
adjuvant therapy, exceeds 70%, indicating that such patients constitute an “intermediate-risk”
rather than “high-risk” group.®” Clearly, there are limitations in assessing the wide range of
prognosis among stage I1I patients using the current American Joint Committee on Cancer
(AJCC) melanoma staging system, which is based solely on clinicopathologic features.
Development of precise biomarkers to allow for better assessment of relative risk would have
significant clinical utility for individualized treatment.

[0006] As such, there is an unmet need for new biomarkers that individually, or in
combination with other prognostic factors, allow for prediction of recurrence and survival of
melanoma patients to avoid unnecessary treatment in lower risk patients and to improve the

clinical outcome in all patients.
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SUMMARY

[0007] The presently-disclosed subject matter meets some or all of the above-identified
needs, as will become evident to those of ordinary skill in the art after a study of information
provided in this document.

[0008] The presently-disclosed subject matter includes methods, systems, and kits that
make use of biomarkers to allow for better assessment of relative risk of in melanoma
subjects.

[0009] Most current gene expression research has focused on gene signatures of the
primary melanoma itself.*'! Uniquely, the presently-disclosed subject matter focuses on
biomarkers and biomarker signatures from a sentinel lymph node (SLN). For example, gene
expression signatures in node-positive subjects were proposed for diagnostic and prognostic
use. Without wishing to be bound by theory or mechanism, exposure of the SLN to
melanoma cells is believed to trigger an immune response (or lack thereof) that is reflected in
patterns of SLN gene expression (e.g., by examining gene product, including mRNA, protein,
ctc.). The presently-disclosed subject matter proposes use of a SLN biomarker or biomarker
signature for prognosis of melanoma.

[0010] In some embodiments, the presently-disclosed subject matter includes a method of
prognosticating melanoma in a subject, which includes determining the presence or level of
one or more biomarkers in a sample obtained from a sentenal lymph node (SLN) of a subject;
and comparing the presence or level of the one or more biomarkers in the sample to a control,
wherein a change in the amount of the one or more biomarkers in the sample from the
subject, relative to that of the control, is prognostic of the melanoma. In some embodiments
the method includes predicting recurrence, nonrecurrence and/or survival in a subject. In
some embodiments the method includes identifying a subject as low-risk, intermediate-risk,
or high-risk for recurrence.

[0011] In some embodiments, the subject has a single positive sentinel lymph node. In
some embodiments, the subject is classified as having Stage III melanoma. In some
embodiments the method includes identifying a subject classified as having Stage 111
melanoma as low-risk, intermediate-risk, or high-risk for recurrence.

[0012] The presently-disclosed subject matter further includes systems and kits for use in
characterizing melanoma in a subject. In some embodiments a kit can include, for example, a

probe or a primer for determining the presence or level of each of one or more biomarkers.
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[0013] In some embodiments of the presently-disclosed subject matter, a method of
characterizing melanoma in a subject is provided, and involves determining the presence or
level of one or more biomarkers in a sample obtained from a sentenal lymph node (SLN) of a
subject; and comparing the presence or level of the one or more biomarkers in the sample to a
control, wherein the melanoma is characterized based on a measurable difference in the
presence of level of the one or more biomarkers in the sample from the subject as compared
to the control.

[0014] In some embodiments, the control is selected from: a reference standard, and a
level of presence or level of one or more biomarkers in a sample obtained from a sentinel
lymph node (SLN) of a control subject.

[0015] In some embodiments of the presently-disclosed subject matter, a method for
assessing a presence or an amount of one or more biomarkers in a sample obtained from a
sentenal lymph node (SLN), involves determining the presence or level of one or more
biomarkers in a sample obtained from a SLN of a subject, and comparing the presence or
level of the one or more biomarkers in the sample to a control.

[0016] In some embodiments, the one or more biomarkers includes TFAP2A. In some
embodiments, the one or more biomarkers is selected from ABCBS, TFAP2A, MUC7, PIGR,
ERBB3, PAX3, RGS2, and IL1B. In some embodiments, the one or more biomarkers is
selected from RGS1, RGS2, PIGR, CD69, ERBB3, and SOD2. In some embodiments, the
one or more biomarkers is selected from ABCBS and MUC7. In some embodiments, the one
or more biomarkers is selected from RGS2, PIGR, CD69, SOD2, ABCB5, NR4A2, and
MUCY7. In some embodiments, the one or more biomarkers is selected from RGS2, PIGR,
MUC7, ABCBS, NR4A2.

[0017] In some embodiments, the one or more biomarkers is sclected from the
biomarkers set forth in Tables A, C, D, E, F, and G. In some embodiments, the one or more
biomarkers is selected from the biomarkers set forth in Table A. In some embodiments, the
one or more biomarkers is selected from the biomarkers set forth in Table C. In some
embodiments, the one or more biomarkers is selected from the biomarkers set forth in Table
D. In some embodiments, the one or more biomarkers is selected from the biomarkers set
forth in Table E. In some embodiments, the one or more biomarkers is sclected from the
biomarkers set forth in Table F. In some embodiments, the one or more biomarkers is
selected from the biomarkers set forth in Table G.

[0018] In some embodiments of the method, the comparing step involves comparing the

presence or level of the one or more melanoma-associated biomarkers in the sample to a
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control comprises identifying a biomarker signature of the sample. In some embodiments,
the biomarker signature comprises at least 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, or 25 biomarkers. In some embodiments, the biomarker signature
comprises at least 2, biomarkers set forth in Table F. In some embodiments, the biomarker
signature comprises RGS1, RGS2, PIGR, CD69, ERBB3, and SOD2. In some embodiments,
the biomarker signature comprises ABCBS and MUC7. In some embodiments, the
biomarker signature comprises RGS2, PIGR, CD69, SOD2, ABCBS, NR4A2, and MUC7.

In some embodiments, the biomarker signature comprises RGS2, PIGR, MUC7, ABCBS,
NR4A2.

[0019] In some embodiments, the method also includes assessing in the subject a
clinicopathologic feature. In some embodiments, the clinicopathologic feature is selected
from: age, gender, anatomic location, Breslow thickness, ulceration, and sentinel lymph node
status. In some embodiments, the clinicopathologic feature is selected from: metastasis, age,
lesion site, tumor burden, number of positive nodes, ulceration, and tumor thickness.

[0020] In some embodiments, the method also includes determining the presence or level
of one or more biomarkers in a sample obtained from a nonsentinel lymph node of a subject;
and comparing the presence or level of the one or more biomarkers in the sample to a control.

[0021] In some embodiments of the method, recurrence in the subject is predicted. In
some embodiments of the method, nonrecurrence in the subject is predicted. In some
embodiments of the method, survival in the subject is predicted. In some embodiments of the
method, the subject is identified as low-risk for recurrence. In some embodiments of the
method, the subject is identified as intermediate risk for recurrence. In some embodiments of
the method, the subject is identified as high risk for recurrence.

[0022] In some embodiments of the method, the subject had been, i.e., previously,
diagnosed with melanoma. In some embodiments, the subject had been diagnosed with Stage
1T melanoma.

[0023] In some embodiments of the method, determination of the presence or level of one
or more biomarkers is conducted using real-time polymerase chain reaction (PCR). In some
embodiments, the determination of the presence or level of one or more biomarkers is
conducted using a probe for selectively binding each of the one or more biomarkers. In some
embodiments, the probe is a nucleotide for hybridizing with the biomarker. In some
embodiments, the probe is an antibody for selectively binding the biomarker.

[0024] In some embodiments, the method further includes selecting a treatment or

modifying a treatment for the melanoma based on the presence or level of the one or more
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biomarkers. In some embodiments, the method further includes selecting a treatment or
modifying a treatment for the melanoma based on the presence or level of the one or more
biomarkers and the one or more clinicopatholgic features.

[0025] In some embodiments, the method is performed iz vitro. In some embodiments,
the method is performed ex vivo.

[0026] In some embodiments of the presently-disclosed subject matter, a kit is provided,
useful for carrying out the methods as described herein. In some embodiments, a kit
provided in accordance with the presently-disclosed subject matter includes a probe for
determining the presence or level of each of one or more melanoma-associated biomarkers in
a sample obtained from a sentinel lymph node (SLN) of a subject. In some embodiments, the
probe is selected from a nucleotide and an antibody.

[0027] In some embodiments, the kit includes at least2, 3,4, 5,6,7,8,9, 10, 11, 12, 13,
14,15, 16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 27, 29, or 30 probes for determining the
presence or level of each of two or more melanoma-associated biomarkers. In some
embodiments, the probe is or the probes are provided on a substrate.

[0028] In some embodiments, the it includes a primer pair for determining the presence
or level of each of one or more melanoma-associated biomarkers in a sample obtained from a
sentinel lymph node (SLN) of a subject. In some embodiments, the kit includes at least 2, 3,
4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,27, 29, or
30 primer pairs for determining the presence or level of each of two or more melanoma-
associated biomarkers.

[0029] In some embodiments, the kit includes a probe or primer pair for each of one
or more biomarkers as set forth in Tables A, C, D, E, F, and G. In some embodiments, the kit
includes a probe or primer pair for each of one or more biomarkers as set forth in Table A.
In some embodiments, the kit includes probe or primer pair for each of one or more
biomarkers as set forth in Table C. In some embodiments, the kit includes a probe or primer
pair for each of one or more biomarkers as set forth in Table D. In some embodiments, the
kit includes a probe or primer pair for each of one or more biomarkers as set forth in Table
E. In some embodiments, the kit includes a probe or primer pair for each of one or more
biomarkers as set forth in Table F. In some embodiments, the kit includes a probe or primer
pair for ecach of one or more biomarkers as set forth in Table G.

[0030] In some embodiments, the kit includes a probe or primer pair for each of one or
more biomarkers selected from ABCBS5, TFAP2A, MUC7, PIGR, ERBB3, PAX3, RGS2,

and IL1B. In some embodiments, the kit includes a probe or primer pair for each of the
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following biomarkers: ABCBS, TFAP2A, MUC7, PIGR, ERBB3, PAX3, RGS2, and IL1B.
In some embodiments, the kit includes a probe or primer pair for each of one or more
biomarkers selected from RGS1, RGS2, PIGR, CD69, ERBB3, and SOD2. In some
embodiments, the kit includes a probe or primer pair for each of the following biomarkers:
RGS1, RGS2, PIGR, CD69, ERBB3, and SOD2. In some embodiments, the kit includes a
probe or primer pair for TFAP2A. In some embodiments, the kit includes a probe or primer
pair for cach of one or more biomarkers selected from RGS2, PIGR, CD69, SOD2, ABCBS,
NR4A2, and MUC?7. In some embodiments, the kit includes a probe or primer pair for each
of the following biomarkers: RGS2, PIGR, CD69, SOD2, ABCBS, NR4A2, and MUC7. In
some embodiments, the kit includes a probe or primer pair for each of one or more
biomarkers selected from ABCBS and MUCY7. In some embodiments, the kit includes a probe
or primer pair for each of the following biomarkers: ABCBS and MUC7. In some
embodiments, the kit includes a probe or primer pair for each of one or more biomarkers
selected from RGS2, PIGR, MUC7, ABCBS, NR4A2. In some embodiments, the kit
includes a probe or primer pair for each of the following biomarkers:RGS2, PIGR, MUC7,
ABCBS, NR4A2.

[0031] In some embodiments, the kit also includes a reference standard sample to obtain
a presence or level of the one or more melanoma-associated biomarkers for use as a control
to which the sample from the subject can be compared. In some embodiments, the kit also
includes control data of a presence or level of the one or more melanoma-associated
biomarkers for use as a control to which the sample from the subject can be compared. In
some embodiments, the kit also includes reference data for one or more clinicopathologic
features.

[0032] This Summary describes several embodiments of the presently-disclosed subject
matter, and in many cases lists variations and permutations of these embodiments. This
Summary is merely exemplary of the numerous and varied embodiments. Mention of one or
more representative features of a given embodiment is likewise exemplary. Such an
embodiment can typically exist with or without the feature(s) mentioned; likewise, those
features can be applied to other embodiments of the presently-disclosed subject matter,
whether listed in this Summary or not. To avoid excessive repetition, this Summary does not

list or suggest all possible combinations of such features.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are used, and the accompanying
drawings of which:

[0034] Figure 1. Study design. SLN, sentinel lymph node; ROC, receiver operating
characteristics; RT-PCR, reverse transcriptase polymerase chain reaction; AUC, area under
the receiver operating characteristic curve.

[0035] Figure 2. Heat map diagram and hierarchical-clustering algorithm of 20
differentially expressed genes between the case group and the control group using Euclidean
Distance as similarity measure.

[0036] Figure 3. Kaplan-Meier analysis of Disease Free Survival (A, C) and Overall
Survival (B, D) according to the 5 SLN gene signature expression level (A, B) and AJCC
TNM staging system (C, D), respectively.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0037] The presently-disclosed subject matter includes methods, systems, and kits for
predicting recurrence and nonrecurrence of melanoma using sentinel lymph node (SLN)
biomarkers. The presently-disclosed subject matter further includes methods, systems, and
kits for assessing a presence or an amount of one or more biomarkers, e.g., biomarkers
associated with melanoma) in a sample obtained from a SLN.

[0038] In some embodiments of the presently-disclosed subject matter, a method of
prognosticating melanoma in a subject includes determining the presence or level of one or
more biomarkers in a sample obtained from a sentinel lymph node (SLN) of a subject; and
comparing the presence or level of the one or more biomarkers in the sample to a control,
wherein a change in the one or more biomarkers in the sample from the subject, relative to
that of the control, is prognostic of the melanoma.

[0039] In some embodiments of the presently-disclosed subject matter, a method for
assessing a presence or an amount of one or more biomarkers in a sample obtained from a
sentenal lymph node (SLN) involves determining the presence or level of one or more

biomarkers in a sample obtained from a SLN of a subject, and comparing the presence or
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level of the one or more biomarkers in the sample to a control. The biomarkers can be
associated with melanoma. The sample can be obtained for an SLN of a subject. In some
embodiments, the subject had been previously diagnosed with melanoma.

[0040] The term “melanoma” is taken to mean a tumor arising from the melanocytic
system of the skin and other organs. Melanomas include, for example, acral-lentiginous
melanoma, amelanotic melanoma, benign juvenile melanoma, Cloudman’s melanoma, S91
melanoma, Harding-Passey melanoma, juvenile melanoma, lentigo maligna melanoma,
malignant melanoma, nodular melanoma subungal melanoma, and superficial spreading
melanoma.

[0041] The term “sample” when used to identify a sample obtained from a sentinel lymph
node refers to a sample that comprises a biomolecule and/or is derived from a sentinel lymph
node of the subject. Representative biomolecules include, but are not limited to total DNA,
RNA, miRNA, mRNA, and polypeptides. The biological sample can be used for the
detection of the presence and/or expression level of a biomolecule of interest (e.g.,
biomarker). Any biopsy, tissue, tissue section, cell, group of cells, cell fragment, or cell
product from the lymph node can be used with the methods, systems, and kits of the presently
claimed subject matter. In some embodiments, the sample can be provided as a frozen or
fresh cell or tissue sample (e.g., paraffin-embedded tissue). In some embodiments, the
sample can be provided as an extract (e.g., mRNA extracted from cell or tissue).

[0042] The terms “comparing” and “correlating,” as used herein in reference to the use of
diagnostic and prognostic biomarkers associated with melanoma, refers to comparing the
presence or level (quantity) of the biomarker in a subject to its presence or level (quantity) of
the biomarker in a control.

[0043] The term “control” is used herein to refer to a reference to which a sample can be
compared. In some embodiments, the control can be a reference standard. A reference
standard can be a manufactured control sample, designed to include a predetermined
presence or amount of one or more biomarkers to which a sample can be compared. In some
embodiments, a reference standard can comprise a compilation about the presence and/or
level of one or more biomarkers considered to be control values. In some embodiments the
control can be a sample obtained from a sentinel lymph node of a control subject. A “control
subject” can be selected with consideration to the subject being tested. As will be recognized
by the skilled artisan, in some embodiments, a control subject can be a subject in which
melanoma has not recurred for a period of about 5, 6, 7, 8, 9, 10, or more years. In some

embodiments, a control subject can be a subject which has been nonsymptomatic for a period
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ofabout 5, 6, 7, 8, 9, 10, or more years. In some embodiments, a control subject can be a
subject which is free of melanoma. In some embodiments, the control can be an average or
composite value based on analysis of a population of “control subjects.”

[0044] In certain embodiments, a biomarker is used to make a particular prognosis by
merely its presence (or absence). In other embodiments, a threshold level of a biomarker can
be established, and the level of the biomarker in a subject sample can simply be compared to
the threshold level. In some embodiments, a biomarker level is used to make a particular
prognosis by determining the amount / quantitating the biomarker level.

[0045] The term “characterizing” comprises providing a diagnosis, prognosis and/or
theranosis. The terms “diagnosing” and “diagnosis” as used herein refer to methods by
which the skilled artisan can estimate and even determine whether or not a subject is
suffering from a given disease or condition. The skilled artisan often makes a diagnosis on
the basis of one or more diagnostic indicators, such as for example a biomarker (e.g.,
biomarker expression level, biomarker signature), the amount (including presence or
absence) of which is indicative of the presence, severity, or absence of the condition.

[0046] Along with diagnosis, clinical “prognosis” or “prognosticating” is also an area of
great concern and interest. It is important to know the aggressiveness of, relative risk
associated with, and the likelihood of recurrence, survival, and nonrecurrence in order to plan
the most effective therapy. Some types of melanoma, for example, are managed by several
alternative strategies. Current treatment decisions for individual subjects can be based on, for
example, (1) tumor thickness, (2) the number of positive lymph nodes involved with disease,
(2) cancer marker(s) status, (3) distance of metastasis, and (4) stage of disease at diagnosis.
However, even with these factors, accurate prediction of the course of disease for all
melanoma subjects is not possible. If a more accurate prognosis can be made, appropriate
therapy, and in some instances less severe therapy, for the patient can be chosen.
Determination of biomarkers from a sample obtained from a SLN of a subject, as disclosed
herein, can be useful in order to categorize subjects according to advancement of melanoma
who will benefit from particular therapies and differentiate from other subjects where
alternative or additional therapies can be more appropriate. Treatment related diagnostics are
sometimes referred to as “theranostics.”

[0047] In some embodiments of the presently disclosed subject matter, a method includes
categorizing or identifying the subject as low-risk, intermediate-risk, or high risk for
recurrence. In some embodiments, recurrence of melanoma in the subject is predicted. In

some embodiments recurrence of melanoma within 3, 4, or 5 years is predicted. In some
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embodiments, survival of the subject is predicted. In some embodiments survival of the
subject for 5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 years is predicted. In some embodiments,
nonrecurrence of melanoma in the subject is predicted. In some embodiments nonrecurrence
of melanoma for 5, 6, 7, 8,9, 10, 11, 12, 13, 14, or 15 years is predicted.

[0048] Making a prognosis or “prognosticating” can refer to predicting a clinical
outcome (with or without medical treatment), selecting an appropriate treatment (or whether
treatment would be effective), or monitoring a current treatment and potentially changing the
treatment, based on the presence or level of one or more biomarkers in a sample obtained
from a SLN of the subject. “Prognosticating” as used herein refers to methods by which the
skilled artisan can predict the course or outcome of a condition in a subject. The term
“prognosis” can refer to the ability to predict the course or outcome of a condition with up to
100% accuracy, or predict that a given course or outcome is more or less likely to occur
based on the presence, absence or levels of a biomarker. The term “prognosis” can also refer
to an increased probability that a certain course or outcome will occur; that is, that a course or
outcome is more likely to occur in a subject exhibiting a given biomarker presence or level,
or biomarker signature, when compared to those individuals not exhibiting the given
biomarker presence or level, or biomarker signature. For example, in an individual not
exhibiting the biomarker expression and/or signature, the chance of a given outcome (e.g.,
recurrence) may be very low (e.g., <1%), or even absent. In contrast, in individuals exhibiting
a different biomarker expression and/or signature, the chance of a given outcome (e.g.,
recurrence) may be higher. In certain embodiments, a prognosis is about a 5% chance of a
given expected outcome, about a 7% chance, about a 10% chance, about a 12% chance, about
a 15% chance, about a 20% chance, about a 25% chance, about a 30% chance, about a 40%
chance, about a 50% chance, about a 60% chance, about a 75% chance, about a 90% chance,
or about a 95% chance.

[0049] The skilled artisan will understand that associating a prognostic indicator with a
predisposition to an outcome can be performed using statistical analysis. For example,
biomarker(s) of greater or less than a control level in some embodiments can signal that a
subject is more likely to have a particular outcome (e.g., recurrence) than subjects with a
level about equal to the control level, as determined by a level of statistical significance.
Statistical significance is often determined by comparing two or more populations, and
determining a confidence interval and/or a p value. See, e.g., Dowdy and Wearden, Statistics
for Research, John Wiley & Sons, New York, 1983, incorporated herein by reference in its

entirety. Exemplary confidence intervals of the present subject matter are 90%, 95%, 97.5%,
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98%, 99%, 99.5%, 99.9% and 99.99%, while exemplary p values are 0.1, 0.05, 0.025, 0.02,
0.01, 0.005, 0.001, and 0.0001. When performing multiple statistical tests, e.g., determining
differential expression of a panel of biomarker levels, p values can be corrected for multiple
comparisons using techniques known in the art.

[0050] In other embodiments, a threshold degree of change in the level of a biomarker(s)
can be established, e.g., as compared to a control, and the degree of change in the level of the
biomarker in a SLN sample can simply be compared to the threshold degree of change in the
level. Exemplary threshold change in the level for biomarker(s) of the presently disclosed
subject matter can be about 5%, about 10%, about 15%, about 20%, about 25%, about 30%,
about 50%, about 60%, about 75%, about 100%, or about 150%. In some embodiments, a
“nomogram” can be established, by which a level of a biomarker(s) can be directly related to
an associated disposition towards a given outcome. The skilled artisan is acquainted with the
use of such nomograms to relate two numeric values with the understanding that the
uncertainty in this measurement is the same as the uncertainty in the marker concentration
because individual sample measurements are referenced, not population averages.

[0051] Biomarkers useful in the context of the presently-disclosed subject matter include
those set forth in Tables A, C, D, E, F and G. In some embodiments, the one or more
biomarkers can be selected from the biomarkers set forth in Table A, as follows:

Table A

ABCBS
PIGR
TFAP2A
MUC7
MLANA
ERBB3
PAX3
DCT
CD69
MOP-1
CD163
IFIT1
DUSP1
THBS1
IL1B
SOD2
PTGS2
RGS2
RGSI
NR4A2
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[0052] In some embodiments, the one or more biomarkers can be selected from the
biomarkers set forth in Table C, set forth herein. In some embodiments, the one or more
biomarkers can be selected from the biomarkers set forth in Table D, set forth herein. In
some embodiments, the one or more biomarkers can be selected from the biomarkers set
forth in Table E, set forth herein. In some embodiments, the one or more biomarkers can be
selected from the biomarkers set forth in Table F, sct forth hercin. In some embodiments,
the one or more biomarkers can be selected from the biomarkers set forth in Table G, set
forth herein.

[0053] In some embodiments, the one or more biomarkers is selected from ABCBS,
TFAP2A, IL1B, and PAX3. In some embodiments, the one or more biomarkers includes
ABCBS.

[0054] As used herein, when a biomarker is identified by a “gene”, “gene symbol” or the
like (such as the genes and gene symbols identified in Tables A, C, D, E, F and G), it should
be recognized that the biomarker is a product of that gene. A gene product can include, for
example, mRNA and protein. As such, biomarkers of the presently-disclosed subject matter
include polynucleotides and polypeptides.

[0055] The identity and relative quantity of biomarkers in a sample can be used to
provide biomarkers profiles or biomarker signatures for a particular sample. A biomarkers
signature for a sample can include information about the identities of biomarkers contained in
the sample, quantitative levels of biomarkers contained in the sample, and/or changes in
quantitative levels of biomarkers relative to another sample or control. For example, a
biomarker signature for a sample can include information about the identities, quantitative
levels, and/or changes in quantitative levels of biomarkers from a SLN sample from a
particular subject. In some embodiments, a biomarker signature relates to information about
two or more biomarkers in a sample (e.g., biomarker signature consisting of 2 biomarkers).
In some embodiments, a biomarker signature consists of 2, 3,4, 5,6, 7,,89, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 biomarkers.

[0056] In some embodiments, method of the presently-disclosed subject matter further
includes assessing in the subject one or more clinicopathologic features. Consideration of
clinicopathologic features can in some cases increase specificity and sensitivity of the
prognosis. In some embodiments, clinicopathologic features can include, for example, age,
gender, anatomic location, Breslow thickness, ulceration, and sentinel lymph node status. In
other embodiments, clinicopathologic features can include, for example, metastasis, age,

lesion site, tumor burden, number of positive nodes, ulceration, and tumor thickness.
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[0057] Additional information regarding clinicopathologic features can be found at
www.melanomacalculator.com, which information available as of the filing date of this
document is incorporated herein by this reference. Also incorporated herein by this
reference, and including teachings describing clinicopathologic features and melanoma
staging, is Callender GG, Gershenwald JE, Egger ME, Scoggins CR, Martin RC 2nd,
Schacherer CW, Edwards MJ, Urist MM, Ross MI, Stromberg AJ, McMasters KM. “A
novel and accurate computer model of melanoma prognosis for patients staged by sentinel
lymph node biopsy: comparison with the American Joint Committee on Cancer model.” J
Am Coll Surg. 2012 Apr;214(4):608-17; discussion 617-9. Epub 2012 Feb 17. Further
information regarding clinicopathologic features can be found in publications by the
American Joint Committee on Cancer (AJCC) and about the AJCC staging system. Soong SJ,
Ding S, Coit D, Balch CM, Gershenwald JE, Thompson JF, Gimotty P; AJCC Melanoma
Task Force. “Predicting survival outcome of localized melanoma: an electronic prediction

tool based on the AJCC Melanoma Database.” Ann Surg Oncol. 2010 Aug;17(8):2006-14.

Epub 2010 Apr 9. In this regard, information can be found at www.melanomaprognosis.org,
which information available as of the filing date of this document is incorporated herein by
this reference. Also incorporated herein by this reference are D. Collett. Modelling Survival
Data in Medical Research. London: Chapman & Hall, 1994; and Ding S, Soong SJ, Lin HY,
Desmond R, Balch CM. Parametric modeling of localized melanoma prognosis and outcome.
J Biopharm Statistics, 19(4):732-47, 2009.

[0058] As noted above with reference to clinicopathologic features, it is contemplated
that other information can be useful for increasing sensitivity and specificity of embodiments
of the methods described herein. For example, in some embodiments, a method can further
include determining the presence or level of one or more biomarkers in a sample obtained
from a nonsentinel lymph node of a subject; and comparing the presence or level of the one
or more biomarkers in the sample to a control.

[0059] Further with respect to the diagnostic and prognostic methods of the presently
disclosed subject matter, a preferred subject is a vertebrate subject. A preferred vertebrate is
warm-blooded; a preferred warm-blooded vertebrate is a mammal. A mammal is most
preferably a human. As used herein, the term “subject” includes both human and animal
subjects. Thus, veterinary therapeutic uses are provided in accordance with the presently
disclosed subject matter. As such, the presently disclosed subject matter provides for the
diagnosis and prognosis of mammals such as humans, as well as those mammals of

importance due to being endangered, such as Siberian tigers; of economic importance, such
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as animals raised by humans; and/or animals of social importance to humans, such as animals
kept as pets or in zoos. Examples of such animals include but are not limited to: carnivores
such as cats and dogs; swine, including pigs, hogs, and wild boars; ruminants and/or
ungulates such as cattle, oxen, sheep, giraffes, deer, goats, bison, and camels; and horses
(including race horses). In some embodiments, the subject is a human.

[0060] In some embodiments, the subject has a single positive sentinel lymph node. In
some embodiments, the subject is classified or diagnosed with stage 11T melanoma.
Classification with stage I1I melanoma can occur when there is a presence of at least one
positive sentinel lymph node. Additional information regarding staging can be found at
www.melanomacalculator.com, which information available as of the filing date of this
document is incorporated herein by this reference. Also incorporated herein by this
reference, and including teachings describing clinicopathologic features and melanoma
staging, is Callender GG, Gershenwald JE, Egger ME, Scoggins CR, Martin RC 2nd,
Schacherer CW, Edwards MJ, Urist MM, Ross MI, Stromberg AJ, McMasters KM. “A
novel and accurate computer model of melanoma prognosis for patients staged by sentinel
lymph node biopsy: comparison with the American Joint Committee on Cancer model.” J
Am Coll Surg. 2012 Apr;214(4):608-17; discussion 617-9. Epub 2012 Feb 17. Further
information can be found in publications by the American Joint Committee on Cancer
(AJCC) and about the AJCC staging system. In this regard, information can be found at
www.melanomaprognosis.org, which information available as of the filing date of this
document is incoroporated herein by this reference. Also incorporated herein by this
reference are D. Collett. Modelling Survival Data in Medical Research. London: Chapman &
Hall, 1994; and Ding S, Soong SJ, Lin HY, Desmond R, Balch CM. Parametric modeling of
localized melanoma prognosis and outcome. J Biopharm Statistics, 19(4):732-47, 2009.

[0061] It is contemplated that the sample obtained from the SLN, or the SLN from which
the sample is obtained would be typically acquired at a time when sentinel nodes would be
normally identified and removed, for example at or around the time of surgery to remove a
primary melanoma. In some cases, it can be desirable to use a fresh sample, or a paraffin-
embedded tissue sample. In some cases, it can be desirable to freeze or otherwise store for
use at a later date. In some cases, it can be useful to process (e.g., extract) the sample, using
a portion for immediate testing and/or saving a portion for use at a later date.

[0062] As noted hereinabove, the presently disclosed subject matter provides for the
determination of the presence or level of a biomarker(s) in a SLN sample. The presence or

level of one or more biomarkers of interest in the sample can then be determined using any of
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a number of methodologies generally known in the art and compared to biomarker control
levels.

[0063] An exemplary methodology for measuring biomarker levels from a SLN is
microarray technique. The technique provides many polynucleotides with known sequence
information as probes to find and hybridize with the complementary strands in a sample to
thereby capture the complementary strands by selective binding. In some cases, a microarray
can provide many probes for selectively binding proteins (e.g., antibodies).

[0064] The term “selective binding” as used herein refers to a measure of the capacity of
a probe to hybridize to a target polynucleotide or to bind a target polypeptide with specificity.
Thus, in the case of a target polynucleotide, the probe comprises a polynucleotide sequence
that is complementary, or essentially complementary, to at least a portion of the target
polynucleotide sequence. Nucleic acid sequences which are “complementary” are those
which are base-pairing according to the standard Watson-Crick complementarity rules. As
used herein, the term “complementary sequences” means nucleic acid sequences which are
substantially complementary, as can be assessed by the same nucleotide comparison set forth
above, or as defined as being capable of hybridizing to the nucleic acid segment in question
under relatively stringent conditions such as those described herein. A particular example of a
contemplated complementary nucleic acid segment is an antisense oligonucleotide. With
regard to probes disclosed herein having binding affinity to mRNAs, the probe can be 100%
complementary with the target polynucleotide sequence. However, the probe need not
necessarily be completely complementary to the target polynucleotide along the entire length
of the target polynucleotide so long as the probe can bind the target polynucleotide with
specificity and capture it from the sample.

[0065] Nucleic acid hybridization will be affected by such conditions as salt
concentration, temperature, or organic solvents, in addition to the base composition, length of
the complementary strands, and the number of nucleotide base mismatches between the
hybridizing nucleic acids, as will be readily appreciated by the skilled artisan. Stringent
temperature conditions will generally include temperatures in excess of 30° C, typically in
excess of 37° C, and preferably in excess of 45° C. Stringent salt conditions will ordinarily be
less than 1,000 mM, typically less than 500 mM, and preferably less than 200 mM. However,
the combination of parameters is much more important than the measure of any single
parameter. Determining appropriate hybridization conditions to identify and/or isolate

sequences containing high levels of homology is well known in the art. For the purposes of
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specifying conditions of high stringency, preferred conditions are a salt concentration of
about 200 mM and a temperature of about 45° C.

[0066] Data mining work is completed by bioinformatics, including scanning chips,
signal acquisition, image processing, normalization, statistic treatment and data comparison
as well as pathway analysis. As such, microarray can profile hundreds and thousands of
polynucleotides simultaneously with high throughput performance. Microarray profiling
analysis of mRNA expression has successfully provided valuable data for gene expression
studies in basic research. And the technique has been further put into practice in the
pharmaceutical industry and in clinical diagnosis.

[0067] The analysis of biomarkers correlated with melanoma can be carried out
separately or simultaneously with multiple probes within one test sample (e.g., multiple
polynucleotide or polypeptide probes). For example, several probes can be combined into one
test for efficient processing of a multiple of samples and for potentially providing greater
prognostic accuracy. In addition, one skilled in the art would recognize the value of testing
multiple samples from the same subject.

[0068] In some embodiments, a panel consisting of biomarker probes that selectively
bind biomarkers, as described herein, to provide relevant information related to the prognosis
of a subject. Such a panel can be constructed, for example, using 1, 2, 3,4, 5,6, 7, 8§, 9, 10,
15, 20, 30, 40, 50, 75, 100, 150, 200, 250, 300, 400, 500, or 1,000 individual biomarker
probes. The analysis of a single probe or subsets of probes comprising a larger panel of
probes could be carried out by one skilled in the art to optimize clinical sensitivity or
specificity in various clinical settings. These include, but are not limited to ambulatory,
urgent care, critical care, intensive care, monitoring unit, in-subject, out-subject, physician
office, medical clinic, and health screening settings. Furthermore, one skilled in the art can
use a single probe or a subset of additional probes comprising a larger panel of probes in
combination with an adjustment of the diagnostic threshold in each of the aforementioned
settings to optimize clinical sensitivity and specificity. The clinical sensitivity of an assay is
defined as the percentage of those with non-recurrence, recurrence and/or survival that the
assay correctly predicts.

[0069] In some embodiments, determining the amount of the one or more biomarkers
comprises labeling the one or more biomarkers. The labeled biomarkers can then be captured
with one or more probes that each selectively binds the one or more biomarkers.

[0070] As used herein, the terms “label” and “labeled” refer to the attachment of a

moiety, capable of detection by spectroscopic, radiologic, or other methods, to a probe
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molecule. Thus, the terms “label” or “labeled” refer to incorporation or attachment,
optionally covalently or non-covalently, of a detectable marker into/onto a molecule, such as
a polynucleotide or polypeptide. Various methods of labeling polynucleotides and
polypeptides are known in the art and can be used. Examples of labels for biomarkers
include, but are not limited to, the following: radioisotopes, fluorescent labels, heavy atoms,
enzymatic labels or reporter genes, chemiluminescent groups, biotinyl groups, predetermined
polypeptide epitopes recognized by a secondary reporter (e.g., leucine zipper pair sequences,
binding sites for antibodies, metal binding domains, epitope tags, etc.). In some
embodiments, labels are attached by spacer arms of various lengths to reduce potential steric
hindrance.

[0071] The analysis of biomarkers levels using probes can be carried out in a variety of
physical formats as well. For example, the use of microtiter plates or automation can be used
to facilitate the processing of large numbers of test samples. Alternatively, single sample
formats could be developed to facilitate immediate treatment and diagnosis in a timely
fashion.

[0072] In some embodiments, the plurality of probes are each bound to a substrate. In
some embodiments, the substrate comprises a plurality of addresses. Each address can be
associated with at least one of the probes of the array. An array is “addressable” when it has
multiple regions of different moieties (e.g., different polynucleotide sequences) such that a
region (i.e., a “feature” or “spot” of the array) at a particular predetermined location (i.e., an
“address”) on the array will detect a particular target or class of targets (although a feature
may incidentally detect non-targets of that feature). Array features are typically, but need not
be, separated by intervening spaces. In the case of an array, the “target” biomarker can be
referenced as a moiety in a mobile phase (typically fluid), to be detected by probes (“target
probes”) which are bound to the substrate at the various regions.

[0073] Biopolymer arrays (e.g., polynucleotide microarrays) can be fabricated by
depositing previously obtained biopolymers (such as from synthesis or natural sources) onto
a substrate, or by in situ synthesis methods. Methods of depositing obtained biopolymers
include, but are not limited to, loading then touching a pin or capillary to a surface, such as
described in U.S. Pat. No. 5,807,522 or deposition by firing from a pulse jet such as an inkjet
head, such as described in PCT publications WO 95/25116 and WO 98/41531, and
elsewhere. The in situ fabrication methods include those described in U.S. Pat. No. 5,449,754
for synthesizing peptide arrays, and in U.S. Pat. No. 6,180,351 and WO 98/41531 and the

references cited therein for polynucleotides, and may also use pulse jets for depositing
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reagents. Further details of fabricating biopolymer arrays by depositing either previously
obtained biopolymers or by the in situ method are disclosed in U.S. Pat. Nos. 6,242,266,
6,232,072, 6,180,351, and 6,171,797. In fabricating arrays by depositing previously obtained
biopolymers or by in situ methods, typically each region on the substrate surface on which an
array will be or has been formed (“array regions”) is completely exposed to one or more
reagents. For example, in either method the array regions will often be exposed to one or
more reagents to form a suitable layer on the surface that binds to both the substrate and
biopolymer or biomonomer. In iz situ fabrication the array regions will also typically be
exposed to the oxidizing, deblocking, and optional capping reagents. Similarly, particularly
in fabrication by depositing previously obtained biopolymers, it can be desirable to expose
the array regions to a suitable blocking reagent to block locations on the surface at which
there are no features from non-specifically binding to target.

[0074] Determining the amount of biomarkers from SLNs of subjects can alternatively,
or in addition to microarray analysis, comprise using real-time polymerase chain reaction
(PCR). Real-time PCR (RT-PCR) can provide accurate and rapid data as to presence and
amount of mRNAs present in a sample. When conducting RT-PCR analysis, an initial step is
the isolation of mRNA from the sample. The starting material is typically total RNA isolated
from a SLN. mRNA can be extracted, for example, from frozen or archived paraffin-
embedded and fixed (e.g. formalin-fixed) tissue samples.

[0075] General methods for mRNA extraction are well known in the art and are disclosed
in standard textbooks of molecular biology. RNA isolation can be performed using
purification kit, buffer set and protease from commercial manufacturers according to the
manufacturer’s instructions. For example, total RNA from cells in culture can be isolated
using Qiagen RNeasy mini-columns. Numerous RNA isolation kits are commercially
available and can be used in the methods of the invention.

[0076] One of the first steps in gene expression profiling by RT-PCR is the reverse
transcription of the RNA template into cDNA, followed by amplification in a PCR reaction.
Commonly used reverse transcriptases include, but are not limited to, avilo myeloblastosis
virus reverse transcriptase (AMV-RT) and Moloney murine leukemia virus reverse
transcriptase (MMLV-RT). The reverse transcription step is typically primed using specific
primers, random hexamers, or oligo-dT primers, depending on the circumstances and the goal
of expression profiling. For example, extracted RNA can be reverse-transcribed using a

GeneAmp RNA PCR kit (Perkin Elmer, Calif., USA), following the manufacturer's
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instructions. The derived cDNA can then be used as a template in the subsequent PCR
reaction.

[0077] Although the PCR step can use a variety of thermostable DNA-dependent DNA
polymerases, it typically employs the Taq DNA polymerase, which has a 5'-3' nuclease
activity but lacks a 3'-5' proofreading endonuclease activity. TagMan PCR typically utilizes
the 5'-nuclease activity of Taq or Tth polymerase to hydrolyze a hybridization probe bound to
its target amplicon, but any enzyme with equivalent 5' nuclease activity can be used. Two
oligonucleotide primers are used to generate an amplicon typical of a PCR reaction. A third
oligonucleotide, or probe, is designed to detect nucleotide sequence located between the two
PCR primers. The probe is non-extendible by Taq DNA polymerase enzyme, and is labeled
with a reporter fluorescent dye and a quencher fluorescent dye. Any laser-induced emission
from the reporter dye is quenched by the quenching dye when the two dyes are located close
together as they are on the probe. During the amplification reaction, the Taq DNA
polymerase enzyme cleaves the probe in a template-dependent manner. The resultant probe
fragments disassociate in solution, and signal from the released reporter dye is free from the
quenching effect of the second fluorophore. One molecule of reporter dye is liberated for
cach new molecule synthesized, and detection of the unquenched reporter dye provides the
basis for quantitative interpretation of the data.

[0078] TagMan™ RT-PCR can be performed using commercially available equipment,
such as, for example, ABI PRISM 7700.TM. Sequence Detection System.TM. (Perkin-
Elmer-Applied Biosystems, Foster City, Calif., USA), or Lightcycler (Roche Molecular
Biochemicals, Mannheim, Germany). In one specific embodiment, the 5' nuclease procedure
is run on a real-time quantitative PCR device such as the ABI PRISM 7700.TM. Sequence
Detection System. TM. The system consists of a thermocycler, laser, charge-coupled device
(CCD), camera and computer. The system amplifies samples in a 96-well format on a
thermocycler. During amplification, laser-induced fluorescent signal is collected in real-time
through fiber optics cables for all 96 wells, and detected at the CCD. The system includes
software for running the instrument and for analyzing the data.

[0079] 5'-Nuclease assay data are initially expressed as Ct, or the threshold cycle. As
discussed above, fluorescence values are recorded during every cycle and represent the
amount of product amplified to that point in the amplification reaction. The point when the
fluorescent signal is first recorded as statistically significant is the threshold cycle (Ct).

[0080] To minimize errors and the effect of sample-to-sample variation, RT-PCR is

usually performed using an internal standard. The ideal internal standard is expressed at a
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constant level among different tissues, and is unaffected by the experimental treatment.
RNAs most frequently used to normalize patterns of gene expression are mRNAs for the
housekeeping genes glyceraldehyde-3-phosphate-dehydrogenase (GAPDH), Beta-2-
microglobulin (B2M), and B-actin.

[0081] Another variation of the RT-PCR technique is the real time quantitative PCR,
which measures PCR product accumulation through a dual-labeled fluorigenic probe (i.e.,
TagMan.TM. probe). Real time PCR is compatible both with quantitative competitive PCR,
where internal competitor for each target sequence is used for normalization, and with
quantitative comparative PCR using a normalization gene contained within the sample, or a
housekeeping gene for RT-PCR.

[0082] The practice of the presently disclosed subject matter can employ, unless
otherwise indicated, conventional techniques of cell biology, cell culture, molecular biology,
transgenic biology, microbiology, recombinant DNA, and immunology, which are within the
skill of the art. Such techniques are explained fully in the literature. See e.g., Molecular
Cloning A Laboratory Manual (1989), 2nd Ed., ed. by Sambrook, Fritsch and Maniatis, eds.,
Cold Spring Harbor Laboratory Press, Chapters 16 and 17; U.S. Pat. No. 4,683,195; DNA
Cloning, Volumes I and II, Glover, ed., 1985; Oligonucleotide Synthesis, M. J. Gait, ed.,
1984; Nucleic Acid Hybridization, D. Hames & S. J. Higgins, eds., 1984; Transcription and
Translation, B. D. Hames & S. J. Higgins, eds., 1984; Culture Of Animal Cells, R. I.
Freshney, Alan R. Liss, Inc., 1987; Immobilized Cells And Enzymes, IRL Press, 1986;
Perbal (1984), A Practical Guide To Molecular Cloning; See Methods In Enzymology
(Academic Press, Inc., N.Y.); Gene Transfer Vectors For Mammalian Cells, J. H. Miller and
M. P. Calos, eds., Cold Spring Harbor Laboratory, 1987; Methods In Enzymology, Vols. 154
and 155, Wu et al., eds., Academic Press Inc., N.Y.; Immunochemical Methods In Cell And
Molecular Biology (Mayer and Walker, eds., Academic Press, London, 1987; Handbook Of
Experimental Immunology, Volumes I-IV, D. M. Weir and C. C. Blackwell, eds., 1986.

[0083] In some embodiments of the presently-disclosed subject matter, methods can
additionally include selecting a treatment or modifying a treatment for the melanoma based
on the presence or level of the one or more biomarkers. For example, if a subject is
determined as low-risk, intermediate-risk, or high risk, an appropriate treatment can be
selected of a treatment can be appropriately modified based on the risk stratification.

[0084] The presently-disclosed subject matter further includes systems and kits, which

are useful for practicing embodiments of the methods as described herein. In some
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embodiments a kit is provided, which includes a reagent to carry out the method of any
preceding claim.

[0085] In some embodiments, the presently-disclosed subject matter includes a system or
kit for use in characterizing melanoma in a subject, which includes a probe for determining
the presence or level of each of one or more melanoma-associated biomarkers in a sample
obtained from a sentinel lymph node (SLN) of a subject. In some embodiment, the probe(s)
are polynucleotides. In some embodiments, the probe(s) are antibodies. In some
embodiments, the probe(s) is provided on a substrate. In some embodiments the kit includes
aprobe for cach of atleast 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25,26,27,27, 29, or 30 melanoma-associated biomarkers.

[0086] In some embodiments, the presently-disclosed subject matter includes a system or
kit for use in characterizing melanoma in a subject, which includes a primer pair for
determining the presence or level of each of one or more melanoma-associated biomarkers in
a sample obtained from a sentinel lymph node (SLN) of a subject. In some embodiments, the
system includes at least 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26,27, 27,29, or 30 primer pairs for determining the presence or level of each of
two or more melanoma-associated biomarkers.

[0087] In some embodiments, systems and kits of the presently-disclosed subject matter
further include a reference standard sample to obtain a presence or level of the one or more
melanoma-associated biomarkers for use as a control to which the sample from the subject
can be compared. In some embodiments, the systems and kits further include control data of
a presence or level of the one or more melanoma-associated biomarkers for use as a control
to which the sample from the subject can be compared. In some embodiments, the systems
and kits further include reference data for one or more clinicopathologic features.

[0088] The details of one or more embodiments of the presently-disclosed subject matter
are set forth in this document. Modifications to embodiments described in this document,
and other embodiments, will be evident to those of ordinary skill in the art after a study of the
information provided in this document. The information provided in this document, and
particularly the specific details of the described exemplary embodiments, is provided
primarily for clearness of understanding and no unnecessary limitations are to be understood
therefrom. In case of conflict, the specification of this document, including definitions, will

control.
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[0089] While the terms used herein are believed to be well understood by one of ordinary
skill in the art, definitions are set forth herein to facilitate explanation of the presently-
disclosed subject matter.

[0090] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the
presently-disclosed subject matter belongs. Although any methods, devices, and materials
similar or equivalent to those described herein can be used in the practice or testing of the
presently-disclosed subject matter, representative methods, devices, and materials are now
described.

[0091] Following long-standing patent law convention, the terms “a”, “an”, and “the”
refer to “one or more” when used in this application, including the claims. Thus, for
example, reference to “a cell” includes a plurality of such cells, and so forth.

[0092] Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as reaction conditions, and so forth used in the specification and claims are to
be understood as being modified in all instances by the term “about”. Accordingly, unless
indicated to the contrary, the numerical parameters set forth in this specification and claims
are approximations that can vary depending upon the desired properties sought to be obtained
by the presently-disclosed subject matter.

[0093] As used herein, the term “about,” when referring to a value or to an amount of
mass, weight, time, volume, concentration or percentage is meant to encompass variations of
in some embodiments £20%, in some embodiments +£10%, in some embodiments +5%, in
some embodiments 1%, in some embodiments £0.5%, and in some embodiments +0.1%
from the specified amount, as such variations are appropriate to perform the disclosed
method.

[0094] As used herein, ranges can be expressed as from “about” one particular value,
and/or to “about” another particular value. It is also understood that there are a number of
values disclosed herein, and that each value is also herein disclosed as “about” that particular
value in addition to the value itself. For example, if the value “10” is disclosed, then “about
10 is also disclosed. It is also understood that each unit between two particular units are
also disclosed. For example, if 10 and 15 are disclosed, then 11, 12, 13, and 14 are also
disclosed.

[0095] The presently-disclosed subject matter is further illustrated by the following
specific but non-limiting examples. The following examples may include compilations of

data that are representative of data gathered at various times during the course of
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development and experimentation related to the present invention. The following examples

include prophetic examples.

EXAMPLES

[0096] Example 1
[0097] Patients and methods

[0098] Patient information. De-identified human subject data from the Sunbelt

Melanoma Trial database were used in this study. The trial was a randomized, prospective
trial enrolled over 3600 patients between 1997 and 2003, involving 79 centers throughout
North America. It was approved by the institutional review board (IRB) at each institution.
Eligibility criteria included patients aged 18 to 70 years, invasive melanomas >1.0 mm
Breslow thickness, and no clinical evidence of regional or distant metastasis. All patients
were staged with SLN biopsy. All SLN samples were obtained after subjects had provided
written informed consent. Patients underwent excision of the primary melanoma and SLN
biopsy using intradermal injection of technetium sulfur colloid around the primary tumor site.
A lymphoscintigram was obtained and a hand-held gamma probe was used intraoperatively
to guide SLN identification. Intradermal injection of isosulfan blue dye (1 to 5 mL) was
performed in the majority of patients as well. All blue nodes and all nodes > 10% of the most
radioactive or hottest node were collected as SLNs.* A histologically positive SLN was
defined as evidence of metastatic tumor cells identified by either hematoxylin and eosin (H
and E) or immunohistochemistry (IHC). A central pathology review committee re-evaluated
all cases of tumor-positive SLN samples to assure that they are true-positive SLNs. This
study only included patients with positive lymph nodes in the Sunbelt Melanoma Trial. These
node-positive patients were randomized to receive adjuvant interferon-alfa-2b (IFN) therapy
versus no adjuvant therapy. IFN had no statistically significant differences in disease-free
survival (DFS) or overall survival (OS) for node-positive patients and SLN was obtained
before treatment.*. Therefore, the entire cohort can be considered a homogeneous group.
Data regarding clinicopathologic factors, recurrence, and survival were collected
prospectively. Additional details of the Sunbelt Melanoma Trial have been described
elsewhere.”

[0099] Study design. Reference is made to Figure 1. All of the SLN-positive samples

used in this study were from the Sunbelt Melanoma Trial. The present inventors defined the

control group as those who had no recurrence after 5 years (with 58 samples, #,=58). The
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case group included who experienced recurrence within 5 years (with 39 samples, n,=39).

The median (range) follow-up is 79 months (6.0 months — 122.0 months). Table B shows

demographic and clinicopathologic data for all 97 node-positive subjects selected from the

Sunbelt Melanoma Trial.

[00100] The primary end point was disease-free survival (DFS), defined as the time

from the date of random assignment to the date of the first recurrence. Overall survival (OS)

was calculated from the date of random assignment to the date of death.

Table B
Clinicopathological characteristics in node-positive patients from the Sunbelt Melanoma Trial
n=97)
Group
. Total No Recurrence Recurrence
Variables (N=97) and Alive (N=58) (N=39) P Value
Gender 0.774
Female (%) 44 (45.4) 27 (46.6) 17 (43.6)
Male (%) 53 (54.6) 31 (53.4) 22 (56.4)
Age (years) 0.069
19-44 (%) 43 (44.3) 30 (51.7) 13 (33.3)
45-54 (%) 22 (22.7) 14 (24.1) 8(20.5)
55-71 (%) 32 (33.0) 14 (24.1) 18 (46.2)
Age (years) 0.014
Mean (95%CI) 46'39(1.4;'3 i 44.3 (41.1 -47.5) 50.9 (46.7-55.1)
Median (min - max) 46'(;1(109)'0 T 435(19.0-69.0) 54.0(25.0-71.0)
Primary tumor site 0.553 1
Head (%) 33.D) 2(3.4) 1(2.6)
Lower Extremity (%) 28 (28.9) 14 (24.1) 14 (35.9)
Neck (%) 2(2.1) 1(1.7) 1(2.6)
Trunk (%) 47 (48.5) 32 (55.2) 15 (38.5)
Upper Extremity (%) 16 (16.5) 8(13.8) 8 (20.5)
Histological Subtype 0.104*
éz;al lentinginous melanoma 8 (8.2) 2(34) 6 (15.4)
Lentigo maligna melanoma
2(2.1) 1(1.7) 1(2.6)
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Table B
Clinicopathological characteristics in node-positive patients from the Sunbelt Melanoma Trial
n=97)
Group
Variables (o) and Al (NeS®)  (Nodoy P Value
Nodular melanoma (%) 32 (33.0) 17 (29.3) 15 (38.5)
Other (%) 14 (14.4) 9 (15.5) 5(12.8)
fnuelijﬁf;zl (i/por)eadmg 37 (38.1) 27 (46.6) 10 (25.6)
Breslow Thickness (cm) 0.024
Mean (95%CI) 29(2.5-33) 26(22-2.9) 3.5(2.7-43)
Median (min - max) 2.2(1.0-13.0) 2.0(1.0-6.8) 2.5(1.1-13.0)
Clark Level
I /I (%) 14 (14.4) 9 (15.8) 5(12.8) 0.686
IV/V (%) 82 (84.5) 48 (84.2) 34 (87.2)
Ulceration Present
NA (%) 2(2.1) 1(1.7) 1(2.6) 0.191
No (%) 57 (58.8) 37 (63.8) 20(51.3)
Yes (%) 37 (38.1) 19 (32.8) 18 (46.2)
Positive SLN Count
1 (%) 79 (81.4) 46 (79.3) 33 (84.6) 0.510
>1(%) 18 (18.6) 12 (20.7) 6(15.4)
SLN Count
1 (%) 16 (16.5) 10 (17.2) 6(15.4) 0.809
>1 (%) 81 (83.5) 48 (82.8) 33 (84.6)
Total Positive LN
1 (%) 74 (76.3) 43 (74.1) 31 (79.5) 0.544
>1 (%) 23 (23.7) 15 (25.9) 8(20.5)
Eﬁl;;)l:slfl-;p Time (All Patients) <001
Mean (95%CI) 77'23(‘701)'8 i 87.0(81.5-92.5) 63.2(53.5-72.9)
Median (min - max) 79132(605) i 93'10 2(248)0 i 58.0 (6.0 - 122.0)
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Table B
Clinicopathological characteristics in node-positive patients from the Sunbelt Melanoma Trial
(m=97)
Group
Variables Total No Recurrence Recurrence P Value

(N=97) and Alive (N=58) (N=39)

Follow-up Time (Censored

Patients) (months) 0.071

Mean (95%CI) 89'8 fgl‘;'o T 87.0(81.5-92.5) 99'171(18355 )
o 94.0 (40.0 - 93.0 (40.0 - 99.0 (73.0 -
Median (min - max) 122.0) 122.0) 122.0)

[00101] Microarray and qRT-PCR. GeneChip Human HG-U133 plus 2.0 array

(Affymetrix, Santa Clara, CA) was used to screen candidate differential expressed genes in
recurrence versus non-recurrence group.

[00102] For qRT-PCR experiments, total SLN RNA (100ng) from each sample was
reverse transcribed with the SuperScript I11 First-Strand Synthesis System. mRNA primers
were purchased from Life Technologies (Carlsbad, CA). Quantitative RT-PCR reactions
were completed on a 7500 Fast Real Time PCR system (Life Technologies). The relative
quantity of the target mRNA was normalized to endogenous gene (GAPDH or B2M). The

-AACt
2

fold changes were calculated with the method.

[00103] RNA isolation and microarray analysis. A portion of each SLN (defined as

one fourth of the lymph node or a 2-mm? portion of the node, whichever was smaller) was
snap-frozen on dry ice or liquid nitrogen and stored at -80°C until it was shipped on dry ice.
If more than one SLN was found, each SLN was processed identically. The remaining SLN
tissue was processed by hematoxylin and eosin (H and E) staining at multiple levels, with at
least five sections per block, along with two additional random sections for S-100
immunohistochemistry (IHC). Most of these node-positive patients have small
micrometastases (< 2 mm); the majority of the SLN tissue sampled contains lymph node
cells, not melanoma cells. SLNs were processed and analyzed by a central laboratory
(National Genetics Institute) that was blinded to clinical and pathologic data. Total RNA was
extracted using TRIREAGENT (Molecular Research Center Inc, Cincinnati, OH).** Traces of
DNA contamination was removed by DNase digestion before applying to the array. RNA
quality control/quantity assessment (QA/QC) was checked by Agilent bioanalyzer and

Nanodrop ND-1000 respectively prior to microarray experiments. RNA samples with a
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minimum RNA integrity number (RIN) of at least 7 were selected. Total RNAs from each
sample were labeled, fragmented, and then hybridized with Affymetrix GeneChip Human
HG-U133 plus 2.0 array according to the manufacturer’s guidelines. The quality control of
the microarray experiments is checked by the percent present of 40% to 60% and 3°/5’ ratio
of control probe sets (Actin and GAPDH) less than 3.

[00104]  Statistical analysis. For microarray analysis, a fold change outlier filter was

applied to reduce the dimension of the data before determining differentially expressed genes

(DEGs) between the controls and the cases.'®

That is, using fold change (FC) to determine
which genes should be tested for differential expression. For each of 54,675 probes on the
array, the FC was calculated and four filters, T1={p(FC) = 1.56(FC)}, T2={W(FC) £
26(FC)}, T3={W(FC) £ 306(FC)} and T4={u(FC) = 46(FC)}, were used to filter data, where
U(FC) is the mean of fold changes and o(FC) is the standard deviation of fold changes from
all 54,675 probes. The genes that fell inside T1, T2 and T3 were filtered from the differential
data respectively. After filtering the data, t-test for normal gene expression data and
Wilcoxon test for non-normal expression data were applied®. In order to control for
multiplicity, the Benjamini-Hochberg method" was employed to adjust the p-values. The
present inventors chose to use the filter T3= u(FC) £ 36(FC) for analysis. To predict the
group of recurrence or non-recurrence, the multiple logistic regression model is employed.

222 method

For the data obtained by qRT-PCR, the fold changes were calculated with the
of recurrence group versus non-recurrence group. Data are presented as mean += SD. A p
value of <0.05 was considered to be statistically significant. The predicted probability of
recurrence was used as a surrogate marker to construct receiver operating characteristic
(ROC) curve. Area under the ROC curve (AUC) was used as an accuracy index for
evaluating the prognostic performance of the selected SLN gene panel. All p values were two
sided. Survival distributions were estimated using Kaplan-Meier methods and the log-rank
test was used to assess the statistical significance of differences in DFS and OS between
groups.

[00105] Results

[00106] Patient characteristics. Reference is made to Table B. For all patients, there
was a significant difference in the mean follow-up time between the non-recurrence group
(87 months) and the recurrence group (63.2 months) (p<0.001). For censored patients, there
was no significant difference in the mean follow-up time between the non-recurrence group
(87 months) and the recurrence group (99.7 months) (p=0.071). There were no significant

differences between the case group and the control group in the distribution of gender; age
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groups of 19-44, 45-54, and 55-71; primary tumor site; histological subtype; Clark level;
presence of ulceration; number of positive SLN; total number of SLN removed; SLN count;
or total positive lymph node count. Therefore, the case and control groups were equally
balanced for further SLN gene signature analysis regarding all of these factors. Factors that
were significantly associated with recurrence were increasing age and Breslow thickness
(p=0.014. and 0.024, respectively).

[00107] Differentially expressed SLN gene profiles in the case group versus control

roup. The Affymetrix GeneChip Human HG-U133 Plus 2.0 array has more than
47,000 transcripts and variants, including approximately 38,500 well-characterized human
genes. This array was used to screen the differentially expressed SLN genes between the case
group and the control group in this cohort (n=97). Using filter T3, the present inventors
detected 213 differentially expressed probe sets with a p<<0.05. The present inventors used
Partek Genomics Suite v6.5 to annotate those probe sets. There were 52 probe sets without
defined gene names. The present inventors further removed those probe sets with lower fold
changes (-1.5 < fold change <2). There were 8 genes with significantly higher expression
levels in the case group than those in the control group (fold change > 2.0, p<<0.05). There
were 12 genes with significantly /ower expression levels in the case group than in the control
group (fold change < -1.5, p<0.05). These 20 differentially expressed genes were identified
as candidates for further testing via RT-PCR (Table C). A heat map diagram and
hierarchical-clustering algorithm illustrated the differentially expressed SLN genes in the
case group and the control group according to the genes’ patterns of expression (Figure 2).
These results showed that distinctive SLN gene profiles are present in node-positive

melanoma patients.

Table C.
Twenty differentially expressed SLN genes in the case group versus the control group.

ProbeID  Adjusted Fold Gene Gene Name
Pvalue Change Symbol

226147_s at  0.0206 9.2597 PIGR Polymeric immunoglobulin receptor

210669_at 0.0352 3.079 TFAP2A Transcription factor AP-2 alpha (activating
enhancer binding protein 2 alpha)
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Table C.
Twenty differentially expressed SLN genes in the case group versus the control group.

ProbeID  Adjusted Fold Gene Gene Name
Pvalue Change Symbol

206426_at 0.0495 2.4934 MLANA Melan-A

231666_at 0.0495 2.0681 PAX3 Paired box 3

224277 _at 0.0328  -1.5384 MOP-1 MOP-1

203153 _at 0.0392  -1.6034 IFIT1 Interferon-induced protein with
tetratricopeptide repeats 1

201110_s at  0.0392  -1.7262 THBS1 Thrombospondin 1

215078 _at 0.0257  -1.7454 SOD2 Superoxide dismutase 2, mitochondrial

202388 _at 0.0196  -1.8651 RGS2 Regulator of G-protein signaling 2, 24kDa

204621 s at  0.0475  -2.0379 NR4A2 Nuclear receptor subfamily 4, group A,
member 2

[00108] Confirming and refining the SLN gene panel RT-PCR was performed to

confirm the 20 SLN genes with significantly different expression levels between the case and
the control groups identified by microarray analysis. Most of these differentially expressed
genes were confirmed by RT-PCR (Table D). This result validated the microarray result.

This SLN gene panel was used for the prediction of melanoma recurrence or non-recurrence.

Table D. Twenty differentially expressed SLN genes (case group vs the
control group) confirmed by real time RT-PCR.
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Gene Symbol Microarray Fold Change PCR Fold Change

PIGR 9.2597 4.5+1.45

TFAP2A 3.079 4.28+0.67

MLANA 2.4934 3.78+0.45

PAX3 2.0681 5.39+0.21

MOP-1 -1.5384 -1.96+0.3

IFIT1 -1.6034 -2.1+0.46

THBSI1 -1.7262 -1.8+0.07

SOD2 -1.7454 -1.65%0.39

RGS2 -1.8651 -1.59+0.39

NR4A2 -2.0379 -1.9+0.4

[00109]

Performance of the individually differentially expressed SLN genes by AUC.

In order to compare the weight of risk assessment value of each individual gene, the

prognostic accuracy was calculated by AUC. Table E listed the individual AUC for each of

the 20 differentially expressed genes. The individual AUCs of the SLN genes range from

0.6379 (DUSP

1) to 0.706 (RGS1).

Table E. Area Under the Receiver Operating Characteristic Curve (AUCs) of the twenty

differentially expressed SLN genes.
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Gene Symbol AUC

RGS2 0.7025

CD69 0.6897

SOD2 0.6813

IL1B 0.668

TFAP2A 0.6627

IFIT1 0.6583

CD163 0.6415

DUSP1 0.6379

[00110] Establishing the prognostic SLN gene panel. Because malignant melanoma is

heterogenous, in terms of its biological, immunological, and metastatic properties, and
melanoma cells exhibit a polymorphous expression of tumor markers, the power of
multiplexed biomarker assays is believed to be greater than that obtainable with any single
marker. Furthermore, the multi-marker assay could potentially prevent a high proportion of
errors emanating from a single marker. The present inventors sought to identify a robust

prognostic SLN gene panel as an independent indicator. Nine genes were selected from the
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20 differentially expressed SLN genes. Among them, six genes have an AUC of more than
0.68, which are RGS1, RGS2, PIGR, CD69, ERBB3, and SOD2. Two genes have the highest
fold changes, which are ABCBS and MUC7. One gene had the lowest fold change, which is
NR4A2. The prognostic performance for the different combinations of the 9 SLN genes was
evaluated. Combination AUCs of more than 0.85 are listed in Table F. The highest AUC
obtained was 0.8537 with a combination of 7 genes (RGS2, PIGR, CD69, SOD2, ABCBS,
NR4A2, and MUC?7). Considering the future clinical application, the present inventors chose
a combination of 5 SLN gene panel (RGS2, PIGR, MUC7, ABCBS5, NR4A2) with an AUC
of 0.8526. The present inventors consider these 5 SLN genes as a core prognostic SLN gene

panel.

Table F. Combinations of the 9 SLN genes with AUCs of more than 0.85.
genel gene2 genel gened geneS gene6 gene7 gene8 gene9 AUC

G2 a3 G4 Go6 a7 (€Y a8 0.8537
G2 a3 G4 G5 Go6 a7 (€Y a8 0.8535
G2 a3 G4 a7 (€Y a8 0.8535
G2 a3 G4 Gs a7 (€Y a8 0.8532
G2 G3 G5 Go6 a7 (€Y a8 0.853
G2 G3 G5 a7 (€Y a8 0.8526
G2 G3 a7 (€Y a8 0.8526
Gl G2 a3 G4 Gs Go6 a9 G8 0.8521
G2 G3 Go6 a7 (€Y G8 0.8521
Gl G2 a3 G4 Gs Go6 a7 (€Y a8 0.8519
Gl G2 a3 G4 Go6 a7 (€Y a8 0.8519
Gl G2 a3 G4 Go6 a9 G8 0.8517
G2 a3 G4 Gs Go6 (€Y a8 0.8517
G2 a3 G4 Go6 a9 G8 0.8512
G2 G3 G5 Go6 (€Y G8 0.8512
Gl G2 a3 G4 Gs a7 (€Y a8 0.851
Gl G2 a3 G4 Gs a9 G8 0.851
Gl G2 a3 G4 a7 a9 G8 0.851
Gl G2 a3 Gs a7 (€Y a8 0.8506
Gl G2 a3 a7 (€Y a8 0.8506
G2 a3 G4 Gs a9 a8 0.8504
Gl G2 a3 G4 a9 G8 0.8501
G2 G3 G5 (€Y a8 0.8501

Gene Names

G1=(G216834 at RGS1
G2=(G202388_at RGS2
G3=(G226147 s at PIGR
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G4=G209795 at  CD69
G5=G202454 s at ERBB3
G6=G215078 at  SOD2
G7=G240717 at  ABCBS
G8=G217059 at ~ MUC7
G9=G204621 s at NR4A2

[00111] Independent prognostic value of the SLN gene signature. After the present

inventors identified the 5 core SLN gene signatures, the present inventors were interested in
exploring whether this gene profile can differentiate the truly high-risk from the low-risk
melanoma patients. Among the 5 SLN core genes, PIGR, MUC7, and ABCBS5 were
upregulated, while RGS2 and NR4A2 were downregulated. For each patient, if each of the
upregulated gene expression data was more than the average of that upregulated gene, the
present inventors gave a score of 1 for that individual upregulated gene. Otherwise the score
was 0. If each of the downregulated gene expression data was less than the average of that
downregulated gene, the present inventors gave a score of 1 for that individual
downregulated gene. Otherwise the score was 0. Each patient’s risk score is the sum of the 5
individual gene scores. If the score was 0~2, then the present inventors defined this patient as
a low-risk patient. If the score was 3~5, then the present inventors defined this patient as a
high-risk patient. Using the 5 SLN core gene signature, there were significant differences in
DFS (p<0.0001) and OS (p=0.0139) between high-risk and low-risk patients (Figure 3A and
3B).

[00112] The present inventors next compared the performance of the risk assessment
of the 5 SLN core gene signature with that of the traditional AJCC TNM staging system.
Among the 97 subjects, 79 patients had 1 positive SLN (stage IIIA), 17 patients had 2 to 3
positive SLNs (stage 11IB), and 1 patient had more than 3 positive SLNs (stage I1IC). The
present inventors performed survival analysis on the stage IIIA and IIIB patients, omitting the
ITIC patients because of small sample size. The result showed that there were no significant
differences in DFS (p=0.3248) and OS (p=0.9583) between stage I1IA and stage I1IB patients
based on TNM staging system (Figure 3C and 3D). These results showed that the 5 SLN
gene signature performed better than that of the AJCC TNM staging system, in terms of

differentiation of the high- and low-risk node-positive melanoma patients.

Table G. Differentially expressed SLN genes in node-positive melanoma patients.

Gene
1D AdjP FC Symbol Gene Title
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Table G. Differentially expressed SLN genes in node-positive melanoma patients.

Gene
P FC Symbol Gene Title

1D Adj

222689 _at 0.0495 -1.2669 ACER3 alkaline ceramidase 3

aldo-keto reductase family 1, member C3 (3-

209160 _at 0.0429 -1.2498 AKRIC3 alpha hydroxysteroid dehydrogenase, type II)

BTB and CNC homology 1, basic leucine

221234 0.0406 -1.3092 BACH2 zipper transcription factor 2

1564499 _at 0.0423 1.1841 Cl14orf81 chromosome 14 open reading frame 81

1552895 a_at 0.0423 1.3838 C2101f99 cancer-testis SP-1

1553886_at 0.028 1.1746 CCDC108 coiled-coil domain containing 108

CCL3L1 /// chemokine (C-C motif) ligand 3 /// chemokine

205114 0.0374 -1.478 CCL3L3 (C-C motif) ligand 3-like 1 /// chemokine

223737 x_at 1.2246 CHST9
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Table G. Differentially expressed SLN genes in node-positive melanoma patients.

Gene
1D AdjP FC Symbol Gene Title
206914 _at 0.028 -1.3647 CRTAM cytotoxic and regulatory T cell molecule

chemokine (C-X-C motif) ligand 1 (melanoma

204470 _at 0.0392 -1.3846 CXCL1 growth stimulating activity, alpha)

dopachrome tautomerase (dopachrome delta-

205337_at 0.0392 2.9196 DCT isomerase, tyrosine-related protein 2)

225502 _at 0.0466 -1.256 DOCKS dedicator of cytokinesis 8

204646 _at 0.0392 -1.3536 DPYD dihydropyrimidine dehydrogenase

201041_s_at 0.0448 -1.702 DUSP1 dual specificity phosphatase 1

228116 _at 0.0188 1.4118 DUXAP10 Double homeobox A pseudogene 10

215257 _at

1559513 a_at anconi anemia, complementation group

actun-relateq protein

224424 x_at 0.0495 1.4143 FKSG73 pseudogene

olate nydrolase (prostate-speCiric memborance

217487 x_at 0.03 1.765 FOLH1 antigen) 1

phosp y1gly Y.
230766 _at 0.0442 -1.2937 GART phosphoribosylglycinamide synthetase, phos

>
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Table G. Differentially expressed SLN genes in node-positive melanoma patients.

Gene
1D AdjP FC Symbol Gene Title
203260 _at 0.0448 -1.1842 HDDC2 HD domain containing 2

219403_s_at 0.0206 -1.3125 HPSE heparanase

interferon-induced protein with

203153 _at 0.0392 -1.6034 IFIT1 tetratricopeptide repeats 1

205992 s_at 0.035 -1.2956 IL15 interleukin 15

205067_at 0.0333 -1.7426 IL1B interleukin 1, beta

206502_s_at 0.0427 -1.3275 INSM1 insulinoma-associated 1

potassium inwardly-rectifying channe

206765_at 0.028 -1.3498 KCNIJ2 subfamily J, member 2

1559022_at

207723_s_at 0.028 -1.3981 KLRC3 member 3

P
205821 _at 0.0206 -1.3675 KLRK1 member 1

216359 _at 0.0392 9.6982 0 hypothetical LOC100129410
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Table G. Differentially expressed SLN genes in node-positive melanoma patients.

Gene
1D AdjP FC Symbol Gene Title

1561225 _at 0.028 1.2497 LOC338579 hypothetical protein LOC338579

1556992 _at 0.0248 1.2219 LOC550113 hypothetical LOC550113

malic enzyme 1, NADP(+)-dependent,
204058 _at 0.0427 -1.2975 ME1 cytosolic

206426_at 0.0495 2.4934 MLANA melan-A

217059 _at 0.0498 6.4195 MUC7 mucin 7, secreted

203413 _at 0.0427 -1.3296 NELL2 NEL-like 2 (chicken)

nuclear receptor subfamily 4, group A,

204621 0.0475 -2.0379 NR4A2 member 2

oltactory receptor, family

1555377 _at 0.0321 1.1792 OR4D2 member 2

, subfamily

protein Kinase cascin Kinase substrate in

233705_at 0.0172 1.3326 PACSIN2 neurons 2

phosphodiesterase 4B, ¢ -specific
(phosphodiesterase E4 dunce homolog,

203708 _at 0.0282 -1.3295 PDE4B Drosophila)

215129 at 0.0333 1.5669 PIK3C2G

202166_s_at 0.0392 -1.2547 PPPIR2

219938 s_at 0.0427 -1.2504 PSTPIP2 interacting protein 2
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Table G. Differentially expressed SLN genes in node-positive melanoma patients.

Gene
1D AdjP FC Symbol Gene Title
204897 _at 0.0416 -1.3178 PTGER4 prostaglandin E receptor 4 (subtype EP4)

1554999 at 0.0206 -1.3719 RASGEF1B RasGEF domain family, member 1B

216834 _at 0.0095 -1.94 RGS1 regulator of G-protein signaling 1

202388 _at 0.0196 -1.8651 RGS2 regulator of G-protein signaling 2, 24kDa

222663 _at 0.0248 -1.3368 RIOK2 RIO kinase 2 (yeast)

222717_at 0.0427 -1.306 SDPR serum deprivation response

solute carrier family 4, sodium bicarbonate

1554027_a_at 0.0095 1.2051 SLC4A4 cotransporter, member 4

215078 _at

ace amine associated receptor

221393 at 0.0392 1.2541 TAAR3 (gene/pseudogene)

p p
210669 _at 0.0352 3.079 TFAP2A enhancer binding protein 2 alpha)
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Table G. Differentially expressed SLN genes in node-positive melanoma patients.

Gene
1D AdjP FC Symbol Gene Title
224496_s_at 0.028 -1.4185 TMEM107 transmembrane protein 107

TRA@ /// T cell receptor alpha locus /// T cell receptor
217143 s at 0.0206 -1.3387 TRD@ delta locus

236972_at 0.048 1.7481 TRIM63 tripartite motif-containing 63

217649 _at 0.0392 -1.2629 ZFANDS zine finger, AN1-type domain 5

214751 _at 0.0188 -1.2896 ZNF468 zinc finger protein 468

[00113] Example 2

[00114] A prognostic model incorporating a novel SLN gene signature in combination
with well-established clinicopathologic factors is further developed and refined. It is
anticipated that the prognostic scoring system described herein will overcome the existing
barrier in the accurate determination of stage III melanoma prognosis. Importantly, such a
prognostic model would also provide much-needed risk stratification to identify
homogeneous risk groups for entry of patients into clinical trials of novel adjuvant therapies.

[00115] A prognostic scoring system is contemplated, incorporating gene expression
signatures in the SLN along with well-characterized clinicopathologic prognostic factors that
will predict prognosis among patients with tumor-positive SLN.

[00116] By identifying a “low-risk” group of patients who may avoid toxic and
expensive adjuvant therapy, patient quality of life will be improved. By identifying a truly
“high-risk” group of patients, adjuvant therapy can be focused on the patients most likely to
benefit from it.

[00117] While there are many biomarkers that have been proposed to predict prognosis
in melanoma, the presently-disclosed subject matter is distinct because, none of those studies
has been used to stratify risk in patients with nodal metastasis. The overall impact of this
work is expected to ensure the best quality of life of melanoma patients by allowing
personalized assessment of risk that can drive adjuvant therapy decisions.

[00118] Rationale for using SLN as a biomarker: The SLN reflects the status of the
entire regional nodal basin and is the most likely site of early metastasis.”>'>'* SLN status is

the single most important prognostic factor for predicting recurrence and survival in
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melanoma patients." The exposure of the SLN to melanoma cells triggers an immune
response (or lack thereof) that will be reflected in patterns of SLN gene expression. Although
some individual specific genes were identified to be highly associated with prognosis of

8,9,14-16
melanoma, ™

there has been no systematic study that correlates prognosis to a panel of
genes in the SLN that has the potential to be used in the clinic. The combinatorial assessment
of multiple genes in the SLN can likely achieve increased sensitivity and specificity for risk
evaluation.

[00119] Rationale for combining SLN signature with clinicopathologic factors as a
prognostic model: Currently, melanoma prognosis is mostly based on traditional
clinicopathological factors. There are no reliable biomarkers that can be implemented into
current clinical prognostics for melanoma patients. It is believed that a prognostic gene
expression signature of the SLN can be developed that reflects the host response to exposure
to melanoma cells and predicts the likelihood of melanoma recurrence. While such a gene
signature, by itself, is contemplated to have independent prognostic significance, another
model that further includes well-characterized clinicopathologic prognostic factors (e.g.,
Breslow thickness, ulceration, number of positive nodes) is contemplated.

[00120] Optimization of SLN biomarker and validation independent patient set.

[00121] Sample stratification: Stratified sampling on age and gender are used to

maintain the population proportions to select RNA samples from tumor-positive SLN
patients with 1:1 sampling between the outcome, recurrence, and no recurrence for a sample
size of 80 (n,=40, n,=40) in the training set and 60 patients’ samples in the validation set
(n,=30, n,=30). A small divergence between the expected sampling distribution and actual
distribution in cases is expected. The statistically significant covariates not controlled for in
the sampling is handled post-randomization in the statistical analyses through
ANOVA/ANCOVA/GLM.

[00122] Microarray and real-time RT-PCR experiments: The microarray and real time

RT-PCR experiment procedures and quality controls are similar to those described in
Example 1. 80 patient samples from the most radioactive SLN (40 controls without
recurrence and 40 cases with recurrence) are selected to do microarray to get a list of genes
that are associated with recurrence or no recurrence. Quantitative real-time RT-PCR is
performed to confirm the SLN gene signature. The list is refined to about 20 or fewer
prognosis-related genes. Another 60 tumor-positive SLN RNA samples are selected from the
Louisville Sentinel Lymph Node Biorepository (30 controls with no recurrence, 30 cases

with recurrence) as a validation set to perform RT-PCR to validate the SLN gene signature.
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The gene signature identified in this validation set is compared with those identified in the
training set. The selection of the final prognosis-related genes is based primarily on the
strength of their performance in the training set and in this validation set. A final list will
include about 20 or fewer prognosis-related genes.

[00123] Sample size and power calculations: About 80 more samples in the training

set and 60 samples in the validation set is studied. The total number of samples is 160
including the sample numbers in the preliminary data (80 cases and 80 controls) in the
training set and 60 samples in the validation set. Top 20 genes with an observed significant
level <10” have already been identified. Significance level is set to o =10™". At least 2-fold
changes can be detected with more than 80% power.”* At False Discovery Rate (FDR) level
of 10%, the revised significance level (o ) is 0.007, which is higher than what is set in the
justification above. To validate the findings of the microarray experiments, selected genes
(about 20) are studied using RT-PCR. Five randomly selected genes are included that are not
identified in the microarray experiment. In these RT-PCR experiments, #,=40, n,=40 in the
training set and »;=30, n,=30 in the validation set is studied. With sample size of ;=40 and
n,=40, using a two-sided, two-sample t test, at o =0.0011 (=0.05/45), S =0.20 (power=80%),
0.90SD units change in two groups (about 2-fold change) can be identified, which is a large
effect size.

[00124]  Statistical analyses: The microarray data is pre-processed using standard

algorithms to ensure the reliability of the data and remove outlier arrays using Robust Multi-
array Averaging.'® To determine differential expression in the first dataset, an ANOVA/GLM
model analysis is utilized controlling for the stratification factors, known significant clinical
predictors and for any experimental conduct differences such as microarray batches and
known technical variation. Due to the high dimension of the data and the number of identical
tests being performed, the false-positive rate is inflated. The false-positives are controlled for
using the method of Benjamini-Hochberg.”® Once set of DEGs has been identified
sequentially sized subsets of the genes are used to predict the classification sensitivity and
specificity of the gene set, using support vector machines, hierarchical clustering, and
principal component analysis. To assess the performance of each of the sequentially sized
classifiers, k-fold cross validation (such as 10-fold cross validation) is performed on a
bootstraps samples (such as size 100).* These methods will show the ability of the genes to
segregate the prognostic groups.”>>’ A minimum gene set is chosen that maximizes both the

classification sensitivity and specificity. The focus is on identifying the gene signature set of
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20 or fewer genes, which gives us the best ability to discriminate between good versus poor
prognosis patients. This gene signature set is aggregated into 1 or 2 components representing
a network of complicit genes, using principal components analysis, and is used to predict

overall prognosis along with clinicopathologic features.”**

The genes identified are
correlated with the biologically functions to rationale the gene list. Analysis of these samples
will allow for narrowing the gene signature to a smaller subset of genes (about 20 genes) that
are amenable to analysis using a multi-marker RT-PCR platform.

[00125] The statistical analysis for the RT-PCR experiments is very similar to the
microarray analysis, but with limited number of genes. It is expected that none of the
randomly selected genes that were added in the list and were not significant will appear in the
top 10 genes.

[00126] It is contemplated that a prognostic gene signature in SLN-positive patients
are identified and validated, which would have clinical utility in making adjuvant therapy
decisions and for risk stratification in clinical trials. The prototype for this is the use of
molecular gene profiling to direct adjuvant therapy in breast cancer.’

[00127] Prognostic model that incorporates the gene signature in addition to standard

clinicopathologic factors.

[00128] The gene signatures that have been identified and validated are incorporated
with clinicopathologic prognostic factors (e.g., Breslow thickness, ulceration, number of
positive lymph nodes, etc.) to create a prognostic scoring system to distinguish the truly high-
risk patients from the low-risk patients who may be spared from toxic adjuvant therapy.

[00129] Prognostic models are created based on the well-known Cox regression
model, which has been widely accepted as an excellent model to study multivariable

melanoma prognosis and modeling.***’

The gene expression signature is counted as one-two
predictor(s). It is included in the multivariable Cox regression analysis, along with the
following well-known clinicopathologic features: age, gender, primary lesion site, Breslow
thickness, ulceration, tumor burden (micro vs. macrometastasis), and the number of positive
nodes. In the Cox regression analysis, gene expressions are covariates with huge variability.
Therefore, some transformations are explored or categorical groups identified to reduce
impact of variability in gene expression data on multivariable model. Significant prognostic
factors identified in the multivariable analyses are included in the predictive model for SLN-
positive patients. This prognostic model can be used to generate projected 5-year disease-free

and survival rates for an individual patient along with standard error and 95% confidence

interval %7
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[00130] On the basis of this predictive model, a prognostic scoring system representing
an individual SLN-positive patient’s prognosis can be generated based on the 5-year disease-

free and survival rates, predicted by the model for that patient.***’

For example, a patient is
assigned a score of 60 if this patient’s predicted 5-year survival rate is 60%. The projected 5-
year discase-free and overall survival rates are proposed as a prognostic score, because in
SLN-positive patients, 5 years of follow-up is generally considered sufficient; most events
will have occurred by that time. Thus, the proposed prognostic score could be considered a
composite prognostic indicator of several dominant prognostic factors in melanoma, and it
represents the probability of a patient’s long-term risk of recurrence and mortality.

[00131] It is expected that a practical patient risk classification system can be
generated based on this prognostic scoring system. For example, based on prognostic scores,
three patient risk groups can be defined as follows: patients with a prognostic score >70 are
assigned to low-risk group, 40-70 as intermediate-risk group, and <40 as high-risk group.
This patient risk classification system is obviously more accurate and useful compared to the
traditional AJCC staging system, because it contains additional information on other
significant prognostic factors as well as the gene signatures that cannot be used within the
current constraints of the overall AJCC staging system criteria. Bootstrapping or cross-
validation is used to validate the model unbiased.™

[00132] Sample size and power calculations: There is a sample size of 160 (80

controls and 80 cases) in the training set and 60 (30 controls and 30 cases) in the validation
set. Using the predicting model, all subjects are classified into three groups (L=Low Risk,
I=Intermediate Risk, H=High Risk). Sensitivity, specificity, ROC is estimated based on
comparing L+I vs. H and L vs I+H before proceeding to comparing ordered categories.™
Lower alpha is used instead of 5% due to many comparisons. Using one sample binomial
test, a true sensitivity of 0.90 can be detected from a minimum detectable limit of 0.75 at
alpha=0.025 and with power of 85%. The sample size was estimated with the inclusion of
other variables of interest (primary lesion site, Breslow thickness, ulceration, tumor burden,
and number of positive nodes) in the Cox regression model with expected R of 0.30. The
sample size of 220 will serve as a data set for model development.

[00133]  Statistical analyses: Sensitivity, specificity, concordance correlation

coefficient, ROC and AUC are estimated; a good practical example is demonstrated in SUGI
31;* another source is by Pepe.*' The prognostic model is validated using an independent
validation data set. Concordance correlation coefficients are calculated on the basis of the

direct comparisons of the predicted 5-year survival rate and the observed 5-year survival rate
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estimated from the validation data set. An Integrated Brier Score is calculated to assess the
validity of the predictive model developed. This is further explored by combining the training
set and validation set data together. Using the bootstrap approach, the data is split into two
equal sets and evaluate predictive power.

[00134] The present inventors contemplate the prognostic scoring system for
stratifying risk assessment in the SLN-positive melanoma patients by incorporating both SLN
gene signatures and clinicopathological features. This model is unique in this field.
Consultation in areas of in multivariate modeling of melanoma prognosis, statistics and
bioinformatics can be conducted.

[00135] The overall impact of this work will: (1) promote the best quality of life of
melanoma patients by avoiding unnecessary toxic treatment in a “low-risk™ group of patients
and increase the overall survival rate by identifying a truly “high-risk” group of patients who
are most likely to benefit from adjuvant therapy; (2) allow more precise stratification of
patients for entry of homogeneous risk groups into clinical trials of novel adjuvant therapies
in the era of SLN biopsy—a problem that has plagued some adjuvant therapy trials in the
past.

[00136] Throughout this document, various references are mentioned. All such
references are incorporated herein by reference to the same extent as if each individual
reference was specifically and individually indicated to be incorporated by ref, including the

references set forth in the following list:
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[00137] It will be understood that various details of the presently disclosed subject
matter can be changed without departing from the scope of the subject matter disclosed
herein. Furthermore, the foregoing description is for the purpose of illustration only, and not

for the purpose of limitation.
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CLAIMS

What is claimed is :
1. A method of characterizing melanoma in a subject, comprising:

determining the presence or level of one or more biomarkers in a sample obtained
from a sentenal lymph node (SLN) of a subject; and

comparing the presence or level of the one or more biomarkers in the sample to a
control, wherein the melanoma is characterized based on a measurable difference in the
presence of level of the one or more biomarkers in the sample from the subject as compared

to the control.

2. The method of claim 1, wherein the control is selected from: a reference standard, and
a level of presence or level of one or more biomarkers in a sample obtained from a sentinel

lymph node (SLN) of a control subject.

3 The method of claim 1 or 2, wherein the one or more biomarkers includes TFAP2A.

4, The method of claim 1 or 2, wherein the one or more biomarkers is selected from

ABCBS, TFAP2A, MUC7, PIGR, ERBB3, PAX3, RGS2, and IL1B.

5. The method of claim 1 or 2, wherein the one or more biomarkers is selected from the

biomarkers set forth in Tables A, C, D, E, F, and G.

6. The method of claim 1 or 2, wherein the one or more biomarkers is selected from the

biomarkers set forth in Table C.

7. The method of claim 1 or 2, wherein the one or more biomarkers is selected from the

biomarkers set forth in Table D.

g. The method of claim 1 or 2, wherein the one or more biomarkers is selected from the

biomarkers set forth in Table E.

9. The method of claim 1 or 2, wherein the one or more biomarkers is selected from the
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biomarkers set forth in Table F.

10.  The method of claim 1 or 2, wherein the one or more biomarkers is selected from the

biomarkers set forth in Table G.

11.  The method of any one of the prior claims, wherein comparing the presence or level
of the one or more melanoma-associated biomarkers in the sample to a control comprises

identifying a biomarker signature of the sample.

12.  The method of claim 11, wherein the biomarker signature comprises of at least 2

biomarkers set forth in Table F.

13.  The method of claim 11, wherein the biomarker signature comprises RGS1, RGS2,
PIGR, CD69, ERBB3, and SOD2.

14.  The method of claim 11, wherein the biomarker signature comprises ABCBS and

MUCT.

15.  The method of claim 11, wherein the biomarker signature comprises RGS2, PIGR,
CD69, SOD2, ABCBS, NR4A2, and MUCT.

16.  The method of claim 11, wherein the biomarker signature comprises RGS2, PIGR,
MUC7, ABCBS5, NR4A2.

17.  The method of any one of claims 1-4, wherein comparing the presence or level of the
one or more melanoma-associated biomarkers in the sample to a control comprises

identifying a biomarker signature of the sample.

18.  The method of claim 17, wherein the biomarker signature consists of at least 2

biomarkers set forth in Table F.

19.  The method of claim 17, wherein the biomarker signature comprises RGS1, RGS2,
PIGR, CD69, ERBB3, and SOD2.
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20.  The method of claim 17, wherein the biomarker signature comprises ABCBS and

MUCT.

21.  The method of claim 17, wherein the biomarker signature comprises RGS2, PIGR,
CD69, SOD2, ABCBS, NR4A2, and MUCT7.

22.  The method of claim 17, wherein the biomarker signature comprises RGS2, PIGR,
MUC7, ABCBS, NR4A2,

23.  The method of any one of the prior claims, and further comprising assessing in the

subject a clinicopathologic feature.

24.  The method of claim 23, wherein the clinicopathologic feature is selected from: age,

gender, anatomic location, Breslow thickness, ulceration, and sentinel lymph node status.

25.  The method of claim 23, wherein the clinicopathologic feature is selected from:
metastasis, age, lesion site, tumor burden, number of positive nodes, ulceration, and tumor

thickness.

26.  The method of any one of claims 1-4, and further comprising assessing in the subject

a clinicopathologic feature.

27.  The method of claim 26, wherein the clinicopathologic feature is selected from: age,

gender, anatomic location, Breslow thickness, ulceration, and sentinel lymph node status.

28.  The method of claim 26, wherein the clinicopathologic feature is selected from:
metastasis, age, lesion site, tumor burden, number of positive nodes, ulceration, and tumor

thickness.

51
SUBSTITUTE SHEET (RULE 26)



WO 2013/172947 PCT/US2013/031006

29.  The method of any one of the prior claims, and further comprising determining the
presence or level of one or more biomarkers in a sample obtained from a nonsentinel lymph
node of a subject; and comparing the presence or level of the one or more biomarkers in the

sample to a control.

30.  The method of any one of the prior claims, wherein the biomarker is a polynucleotide.

31.  The method of any one of claims 1-29, wherein the biomarker is a polypeptide.

32, The method of any one of the prior claims, wherein recurrence in the subject is

predicted.

33.  The method of any one of the prior claims, wherein nonrecurrence in the subject is

predicted.

34.  The method of any one of the prior claims, wherein survival in the subject is

predicted.

35.  The method of any one of the prior claims, wherein the subject is identified as low-

risk, intermediate risk, or high risk for recurrence.

36.  The method of any one of the prior claims, wherein the subject is human,

37.  The method of any one of the prior claims, wherein the subject had been diagnosed

with Stage IIT melanoma.

38.  The method of any one of claims 1-37, wherein recurrence in the subject is predicted.

39.  The method of any one of claims 1-37, wherein nonrecurrence in the subject is

predicted.
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40.  The method of any one of claims 1-37, wherein survival in the subject is predicted.

41.  The method of any one of claims 1-37, wherein the subject is identified as low-risk,

intermediate risk, or high risk for recurrence.

42, The method of any one of claims 1-41, wherein the subject is human.

43.  The method of any one of claims 1-4, wherein recurrence in the subject is predicted.

44, The method of any one of claims 1-4, wherein nonrecurrence in the subject is

predicted.

45.  The method of any one of claims 1-4, wherein survival in the subject is predicted.

46.  The method of any one of claims 1-4, wherein the subject is identified as low-risk,

intermediate risk, or high risk for recurrence.

47.  The method of any one of claims 1-4, wherein the subject is human.

48.  The method of any one of claims 1-4, wherein the subject had been diagnosed with

Stage [1I melanoma.

49.  The method of any one of the prior claims, determining the presence or level of one or

more biomarkers is conducted using real-time polymerase chain reaction (PCR).

50.  The method of any one of the prior claims, wherein determining the presence or level
of one or more biomarkers is conducted using a probe for selectively binding each of the one

or more biomarkers.

51. The method of claim 50, wherein the probe is a nucleotide for hybridizing with the
biomarker.
52, The method of claim 50, wherein the probe is an antibody for selectively binding the
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biomarker.

53. The method of any one of claims 1-4, determining the presence or level of one or

more biomarkers is conducted using real-time polymerase chain reaction (PCR).
54.  The method of any one of claims 1-4, wherein determining the presence or level of
one or more biomarkers is conducted using a probe for selectively binding each of the one or

more biomarkers.

55. The method of claim 54, wherein the probe is a nucleotide for hybridizing with the

biomarker.

56.  The method of claim 54, wherein the probe is an antibody for selectively binding the

biomarker.

57. The method of any one of the prior claims, and further comprising selecting a
treatment or modifying a treatment for the melanoma based on the presence or level of the
one or more biomarkers.

58. The method of any one of the prior claims, and further comprising selecting a
treatment or modifying a treatment for the melanoma based on the presence or level of the
one or more biomarkers and the one or more clinicopatholgic features.

59.  The method of any one of the prior claims, wherein the method is performed in vitro.
60.  The method of any one of the prior claims, wherein the method is performed ex vivo.
61.  The method of any one of claims 1-4, wherein the method is performed in vitro.

62.  The method of any one of claims 1-4, wherein the method is performed ex vivo.

63. A method for assessing a presence or an amount of one or more biomarkers in a
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sample obtained from a sentenal lymph node (SLN), comprising:
determining the presence or level of one or more biomarkers in a sample obtained
from a SLN of a subject; and comparing the presence or level of the one or more biomarkers

in the sample to a control.

64.  The method of claim 63, wherein the one or more biomarkers includes TFAP2A.

65.  The method of claim 63, wherein the one or more biomarkers is selected from

ABCBS, TFAP2A, MUC7, PIGR, ERBB3, PAX3, RGS2, and IL1B.

66.  The method of claim 63, wherein the one or more biomarkers is selected from the

biomarkers set forth in Tables A, C, D, E, F, and G.

67.  The method of claim 63, wherein the one or more biomarkers is selected from the

biomarkers set forth in Table C.

68.  The method of claim 63, wherein the one or more biomarkers is selected from the

biomarkers set forth in Table D.

69.  The method of claim 63, wherein the one or more biomarkers is selected from the

biomarkers set forth in Table E.

70.  The method of claim 63, wherein the one or more biomarkers is selected from the

biomarkers set forth in Table F.

71.  The method of claim 63, wherein the one or more biomarkers is selected from the

biomarkers set forth in Table G.

72. The method of any one of claims 63-71, wherein comparing the presence or level of
the one or more biomarkers in the sample to a control comprises identifying a biomarker

signature of the sample.

73.  The method of claim 72, wherein the biomarker signature consists of at least 2

55
SUBSTITUTE SHEET (RULE 26)



WO 2013/172947 PCT/US2013/031006

biomarkers set forth in Table F.

74.  The method of claim 72, wherein the biomarker signature comprises RGS1, RGS2,
PIGR, CD69, ERBB3, and SOD2.

75. The method of claim 72, wherein the biomarker signature comprises ABCBS and

MUCT.

76.  The method of claim 72, wherein the biomarker signature comprises RGS2, PIGR,
CD69, SOD2, ABCBS, NR4A2, and MUC?7.

77.  The method of claim 72, wherein the biomarker signature comprises RGS2, PIGR,
MUC7, ABCBS, NR4A2.

78.  The method of any one claims 63-77, and further comprising assessing a

clinicopathologic feature of a subject from which the sample was obtained.

79.  The method of claim 78, wherein the clinicopathologic feature is selected from: age,

gender, anatomic location, Breslow thickness, ulceration, and sentinel lymph node status.

80.  The method of claim 78, wherein the clinicopathologic feature is selected from;
metastasis, age, lesion site, tumor burden, number of positive nodes, ulceration, and tumor

thickness.

81.  The method of any one claims 63-80, and further comprising determining the
presence or level of one or more biomarkers in a sample obtained from a nonsentinel lymph
node of a subject; and comparing the presence or level of the one or more biomarkers in the

sample to a control.

82.  The method of any one of claims 63-81, wherein the biomarker is a polynucleotide.
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83.  The method of any one of claims 63-81, wherein the biomarker is a polypeptide.

84.  The method of any one of claims 63-83, wherein a recurrence of melanoma in the

subject is predicted.

85.  The method of any one of claims 63-83, wherein a nonrecurrence of melanoma in the

subject is predicted.

86.  The method of any one of claims 63-83, wherein survival in the subject is predicted.

87.  The method of any one of claims 63-83, wherein the subject is identified as low-risk,

intermediate risk, or high risk for recurrence.

88.  The method of any one of claims 63-87, wherein the subject is human.

89.  The method of any one of claims 63-88, wherein the subject had been diagnosed with

melanoma.

90.  The method of any one of claims 63-89, determining the presence or level of one or

more biomarkers is conducted using real-time polymerase chain reaction (PCR).

91.  The method of any one of claims 63-89, wherein determining the presence or level of
one or more biomarkers is conducted using a probe for selectively binding each of the one or

more biomarkers.

92.  The method of claim 91, wherein the probe is a nucleotide for hybridizing with the

biomarker.

93.  The method of claim 92, wherein the probe is an antibody for selectively binding the

biomarker.
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94.  The method of any one of claims 63-93, and further comprising selecting a treatment
or modifying a treatment for the melanoma based on the presence or level of the one or more

biomarkers.

95.  The method of any one of claims 63-94, wherein the method is performed ix vitro.
96.  The method of any one of claims 63-94, wherein the method is performed ex vivo.

97.  Use of a reagent to carry out the method of any of any preceding claim.

98. A kit comprising a reagent to carry out the method of any preceding claim.

99. A kit for use in characterizing melanoma in a subject, comprising a probe for
determining the presence or level of each of one or more melanoma-associated biomarkers in
a sample obtained from a sentinel lymph node (SLN) of a subject.

100.  The kit of claim 99, wherein the probe is selected from a nucleotide and an antibody.
101.  The kit of claim 99 or 100, comprising at least 2, 3,4, 5,6,7,8,9, 10,11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 27, 29, or 30 probes for determining the
presence or level of each of two or more melanoma-associated biomarkers.

102.  The kit of any one of claims 99-101, wherein the probe is provided on a substrate.
103. A kit for use in characterizing melanoma in a subject, comprising a primer pair for
determining the presence or level of each of one or more melanoma-associated biomarkers in
a sample obtained from a sentinel lymph node (SLN) of a subject.

104.  The kit of claim 92, comprising at least 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20, 21, 22, 23, 24,25, 26, 27, 27, 29, or 30 primer pairs for determining the

presence or level of each of two or more melanoma-associated biomarkers.
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105.  The kit of any one of claims 98-104, further comprising a reference standard sample
to obtain a presence or level of the one or more melanoma-associated biomarkers for use as a

control to which the sample from the subject can be compared.

106.  The kit of any one of claims 98-105, further comprising control data of a presence or
level of the one or more melanoma-associated biomarkers for use as a control to which the

sample from the subject can be compared.

107.  The kit of any one of claims 98-106, further comprising reference data for one or

more clinicopathologic features.
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