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ASSESSING AND TREATING MELANOMA

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Patent Application Serial No. 63/287,217,
filed on December 8, 2021. The disclosure of the prior application is considered part of (and

is incorporated by reference in) the disclosure of this application.

TECHNICAL FIELD
This document relates to methods and materials for assessing and/or treating
mammals (e.g., humans) having melanoma (e.g., primary cutaneous melanoma (PCM)). For
example, methods and materials provided herein can be used to determine whether or not a
melanoma (e.g., a PCM) is likely to relapse (e.g., likely to relapse following treatment). This
document also provides methods and materials for treating a mammal (e.g., a human) having
melanoma (e.g., PCM) where the treatment is selected based, at least in part, on whether or

not the melanoma is likely to relapse.

BACKGROUND INFORMATION

PCM accounts for only 1-2% of all skin cancer diagnosed but approximately 75% of
skin cancer deaths because of its extraordinary ability to metastasize. S-year relative survival
varies by stage and decreases with metastasis. Paradoxically, most relapses and deaths from
PCM occur in individuals diagnosed with early-stage disease; 1.e., patients with undetectable
metastasis at diagnosis (stage I/I) and tumors of uncertain aggressiveness by conventional
clinicopathologic staging parameters (Gershenwald et al., CA Cancer J. Clin., 67:472-92
(2017); and Morton et al., N. Engl. J. Med., 370:599—609 (2014)). The high number of
deaths in early-stage patients is largely due to current inability to identify and treat high-risk
early-stage disease. Stage III/IV patients (patients with metastasis) are eligible for adjuvant
therapies and undergo regular surveillance imaging, and stage I[IB-C patients are expected to
become eligible for adjuvant treatment with pembrolizumab following the positive
KEYNOTE-716 trial (Luke et al., Future Oncol., 16(3):4429-4438 (2020)). However, the

large group of stage I/IIA patients are currently ineligible for adjuvant therapies.
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SUMMARY

This document provides methods and materials for assessing and/or treating
melanoma (e.g., PCM). In some cases, this document provides methods and materials for
determining whether or not a melanoma (e.g., a PCM) is likely to relapse (e.g., likely to
relapse following treatment). For example, a sample (e.g., a tissue sample containing one or
more melanoma cells) obtained from a mammal having melanoma (e.g., PCM) can be
assessed to determine if the melanoma is likely to relapse based, at least in part, on the
presence or absence of altered levels (e.g., increased levels or decreased levels) of 4 or more
(e.g., five, six, seven, eight, or nine) polypeptides (or mRNA encoding such polypeptides) in
the sample. This document also provides methods and materials for treating a mammal (e.g.,
a human) having melanoma (e.g., PCM) where the treatment is selected based, at least in
part, on whether or not the melanoma is likely to relapse. For example, a mammal (e.g., a
human) having melanoma (e.g., PCM) can be administered one or more cancer treatments
that are selected based, at least in part, on the presence or absence of altered levels (e.g.,
increased levels or decreased levels) of 4 or more polypeptides in a sample obtained from the
mammal.

As demonstrated herein, the presence of an increased level of a holliday junction
recognition protein (HIURP) polypeptide (or mRNA encoding a HIURP polypeptide), an
increased level of a NUF2 component of NDC80 kinetochore complex (NUF2) polypeptide
(or mRNA encoding a NUF2 polypeptide), an increased level of a protein phosphatase 1
regulatory subunit 9A (PPP1R9A) polypeptide (or mRNA encoding a PPP1IR9A
polypeptide), an increased level of a serine/arginine-rich splicing factor 11 (SRSF11)
polypeptide (or mRNA encoding a SRSF11 polypeptide), an increased level of a 5'-
nucleotidase domain-containing protein 3 (NTSDC3) polypeptide (or mRNA encoding a
NTS5DC3 polypeptide), an increased level of serpin family E member 2 (SERPINE2)
polypeptide (or mRNA encoding a SERPINE2 polypeptide), a decreased level of a prostate
androgen-regulated mucin-like protein 1 (PARM1) polypeptide (or mRNA encoding a
PARMI polypeptide), a decreased level of an epithelial membrane protein 2 (EMP2)
polypeptide (or mRNA encoding an EMP2 polypeptide), a decreased level of a protein kinase
C beta type (PRKCB) polypeptide (or mRNA encoding a PRKCB polypeptide), a decreased
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level of a T-cell surface glycoprotein CD1e (CD1E) polypeptide (or mRNA encoding a
CDIE polypeptide), a decreased level of alcohol dehydrogenase 2 family member (ALDH?2)
polypeptide (or mRNA encoding an ALDH?2 polypeptide), and a decreased level of CD200
receptor 1 (CD200R1) polypeptide (or mRNA encoding a CD200R1 polypeptide) in
melanoma cells of a mammal having melanoma (e.g., PCM) can be used to identify that
melanoma as being likely to relapse following treatment (e.g., likely to relapse following
local/regional therapy.

Having the ability to identify whether a melanoma (e.g., PCM) is likely to relapse
(e.g., likely to relapse following treatment) as described herein (e.g., based, at least in part,
on the presence or absence of altered levels of 4 or more polypeptides in a sample obtained
from a mammal having melanoma) provides a unique and unrealized opportunity to provide
an individualized approach for selecting cancer therapies based on the risk of the patient thus
providing cost-effective care with better outcomes. For example, a mammal having a high-
risk melanoma (e.g., a melanoma that is identified as being likely to relapse as described
herein) can be selected for adjuvant therapies, increased screening, and/or participation in
clinical trials. For example, a mammal having a low-risk melanoma (e.g., a melanoma that is
identified as not being likely to relapse as described herein) can forgo unnecessary treatment
(e.g., lymph node surgery) and be spared from the toxicities and expenses.

In general, one aspect of this document features methods for assessing a mammal
having a PCM. The methods can include, or consist essentially of, (a) determining if a
sample from a mammal having PCM contains the presence or absence of (1) an increased
level of a HIURP polypeptide or mRNA encoding said HIURP polypeptide, (2) an increased
level of a NUF2 polypeptide or mRNA encoding said NUF2 polypeptide, (3) an increased
level of a PPP1R9A polypeptide or mRNA encoding said PPP1R9A polypeptide, (4) an
increased level of a SRSF11 polypeptide or mRNA encoding said SRSF11 polypeptide, (5)
an increased level of a NTSDC3 polypeptide or mRNA encoding said NTSDC3 polypeptide,
(6) an increased level of a SERPINE?2 polypeptide or mRNA encoding said SERPINE2
polypeptide, (7) a decreased level of a PARM1 polypeptide or mRNA encoding said PARM1
polypeptide, (8) a decreased level of an EMP2 polypeptide or mRNA encoding said EMP2
polypeptide, (9) a decreased level of a PRKCB polypeptide or mRNA encoding said PRKCB
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polypeptide, (10) a decreased level of a CDI1E polypeptide or mRNA encoding said CD1E
polypeptide, (11) a decreased level of an ALDH2 polypeptide or mRNA encoding said
ALDH2 polypeptide, or (12) a decreased level of a CD200R1 polypeptide or mRNA
encoding said CD200R1 polypeptide, where the sample is a tissue sample comprising a
melanoma cell; (b) classifying the PCM as being likely to relapse if the presence of at least 4
of (1) — (12) is determined; and (c) classifying the PCM as not being likely to relapse if the
absence of each of (1) — (12) is determined. The mammal can be a human. The presence or
absence of the increased level of the HIURP polypeptide or mRNA encoding the HIURP
polypeptide can be determined. The presence or absence of said increased level of the NUF2
polypeptide or mRNA encoding the NUF2 polypeptide can be determined. The presence or
absence of the increased level of the PPP1R9A polypeptide or mRNA encoding the
PPP1RO9A polypeptide can be determined. The presence or absence of the increased level of
the SRSF11 polypeptide or mRNA encoding the SRSF11 polypeptide can be determined.
The presence or absence of the increased level of the NT5SDC3 polypeptide or mRNA
encoding the NTSDC3 polypeptide can be determined. The presence or absence of the
decreased level of the SERPINE2 polypeptide or mRNA encoding the SERPINE2
polypeptide can be determined. The presence or absence of the decreased level of the
PARMI polypeptide or mRNA encoding the PARM1 polypeptide can be determined. The
presence or absence of the decreased level of the EMP2 polypeptide or mRNA encoding the
EMP2 polypeptide can be determined. The presence or absence of the decreased level of the
PRKCB polypeptide or mRNA encoding the PRKCB polypeptide can be determined. The
presence or absence of the decreased level of the CD1E polypeptide or mRNA encoding the
CDIE polypeptide can be determined. The presence or absence of the decreased level of the
ALDH2 polypeptide or mRNA encoding the ALDH2 polypeptide can be determined. The
presence or absence of the decreased level of the CD200R1 polypeptide or mRNA encoding
the CD200R1 polypeptide can be determined. The method also can include determining a
Breslow depth of the PCM. In some cases, the method can include determining the presence
of the increased level of the HJURP polypeptide or mRNA encoding the HIURP polypeptide
the increased level of the NUF2 polypeptide or mRNA encoding the NUF2 polypeptide, the

2

increased level of the PPP1R9A polypeptide or mRNA encoding the PPP1R9A polypeptide,
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the increased level of the SRSF11 polypeptide or mRNA encoding the SRSF11 polypeptide,
the increased level of the NTSDC3 polypeptide or mRNA encoding the NTSDC3
polypeptide, the increased level of the SERPINE?2 polypeptide or mRNA encoding the
SERPINE2 polypeptide, the decreased level of the PARM1 polypeptide or mRNA encoding
the PARMI polypeptide, the decreased level of the EMP2 polypeptide or mRNA encoding
the EMP2 polypeptide, the decreased level of the PRKCB polypeptide or mRNA encoding
the PRKCB polypeptide, and the decreased level of the CD1E polypeptide or mRNA
encoding the CD1E polypeptide; and where the Breslow depth can be from about 0.8 mm to
about 10 mm, and can include classifying the PCM as being likely to relapse. In some cases,
the method can include determining the absence of the increased level of the HJURP
polypeptide or mRNA encoding the HIURP polypeptide, the increased level of the NUF2
polypeptide or mRNA encoding the NUF2 polypeptide, the increased level of the PPP1IROA
polypeptide or mRNA encoding the PPP1R9A polypeptide, the increased level of the
SRSF11 polypeptide or mRNA encoding the SRSF11 polypeptide, the increased level of the
NTS5DC3 polypeptide or mRNA encoding the NTSDC3 polypeptide, the increased level of
the SERPINE2 polypeptide or mRNA encoding the SERPINE2 polypeptide, the decreased
level of the PARM1 polypeptide or mRNA encoding the PARMI1 polypeptide, the decreased
level of the EMP2 polypeptide or mRNA encoding the EMP2 polypeptide, the decreased
level of the PRKCB polypeptide or mRNA encoding the PRKCB polypeptide, and the
decreased level of the CD1E polypeptide or mRNA encoding the CD1E polypeptide; and
where the Breslow depth can be from about 0.1 mm to about 0.8 mm, and can include
classifying the PCM as not being likely to relapse.

In another aspect, this document features methods for selecting a treatment for a
mammal having a PCM. The methods can include, or consist essentially of, (a) determining
that a sample from a mammal having a PCM contains the presence of at least 4 of: (1) an
increased level of a HJURP polypeptide or mRNA encoding the HIURP polypeptide, (2) an
increased level of a NUF2 polypeptide or mRNA encoding the NUF2 polypeptide, (3) an
increased level of a PPP1R9A polypeptide or mRNA encoding the PPP1R9A polypeptide, (4)
an increased level of a SRSF11 polypeptide or mRNA encoding the SRSF11 polypeptide, (5)
an increased level of a NTSDC3 polypeptide or mRNA encoding the NT5DC3 polypeptide,
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(6) an increased level of a SERPINE?2 polypeptide or mRNA encoding the SERPINE2
polypeptide, (7), a decreased level of a PARM1 polypeptide or mRNA encoding the PARM1
polypeptide, (8) a decreased level of an EMP2 polypeptide or mRNA encoding the EMP2
polypeptide, (9) a decreased level of a PRKCB polypeptide or mRNA encoding the PRKCB
polypeptide, (10) a decreased level of a CDI1E polypeptide or mRNA encoding the CD1E
polypeptide, (11) a decreased level of an ALDH?2 polypeptide or mRNA encoding the
ALDH2 polypeptide, and (12) a decreased level of a CD200R1 polypeptide or mRNA
encoding the CD200R1 polypeptide, where the sample is a tissue sample comprising a
melanoma cell; and (b) selecting the mammal for surgery to remove the PCM and to receive
an adjuvant therapy. The method also can include determining that the PCM has a Breslow
depth of from about 0.8 mm to about 10 mm. The mammal can be a human. The adjuvant
therapy can include radiation therapy. The adjuvant therapy can include administering an
anti-cancer drug to the mammal. The anti-cancer drug can be nivolumab, ipilimumab,
pembrolizumab, talimogene laherparepvec, vemurafenib, dabrafenib, encorafenib, trametinib,
cobimetinib, binimetinib, atezolizumab, avelumab, or durvalumab.

In another aspect, this document features methods for selecting a treatment for a
mammal having a PCM. The methods can include, or consist essentially of, (a) determining
that a sample from a mammal having a PCM contains the absence of: (1) an increased level
of a HIURP polypeptide or mRNA encoding the HIURP polypeptide, (2) an increased level
of a NUF2 polypeptide or mRNA encoding the NUF2 polypeptide, (3) an increased level of a
PPP1RO9A polypeptide or mRNA encoding the PPP1R9A polypeptide, (4) an increased level
of'a SRSF11 polypeptide or mRNA encoding the SRSF11 polypeptide, (5) an increased level
of a NT5DC3 polypeptide or mRNA encoding the NTSDC3 polypeptide, (6) an increased
level of a SERPINE2 polypeptide or mRNA encoding the SERPINE2 polypeptide, (7), a
decreased level of a PARM1 polypeptide or mRNA encoding the PARMI1 polypeptide, (8) a
decreased level of an EMP2 polypeptide or mRNA encoding the EMP2 polypeptide, (9) a
decreased level of a PRKCB polypeptide or mRNA encoding the PRKCB polypeptide, (10) a
decreased level of a CDI1E polypeptide or mRNA encoding the CD1E polypeptide, (11) a
decreased level of an ALDH2 polypeptide or mRNA encoding the ALDH?2 polypeptide, and
(12) a decreased level of a CD200R1 polypeptide or mRNA encoding the CD200R 1
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polypeptide, where the sample is a tissue sample comprising a melanoma cell; and (b)
selecting the mammal for surgery to remove the PCM in the absence of an adjuvant therapy.
The method also can include determining that the PCM has a Breslow depth of from about
0.1 mm to about 0.8 mm. The mammal can be a human. The adjuvant therapy can include
radiation therapy. The adjuvant therapy can include administering an anti-cancer drug to the
mammal. The anti-cancer drug can be nivolumab, ipilimumab, pembrolizumab, talimogene
laherparepvec, vemurafenib, dabrafenib, encorafenib, trametinib, cobimetinib, binimetinib,
atezolizumab, avelumab, or durvalumab.

In another aspect, this document features methods for treating a mammal having a
PCM. The methods can include, or consist essentially of, (a) determining that a sample from
a mammal having a PCM contains the presence of at least 4 of: (1) an increased level of a
HJURP polypeptide or mRNA encoding the HIURP polypeptide, (2) an increased level of a
NUF?2 polypeptide or mRNA encoding the NUF2 polypeptide, (3) an increased level of a
PPP1RO9A polypeptide or mRNA encoding the PPP1R9A polypeptide, (4) an increased level
of'a SRSF11 polypeptide or mRNA encoding the SRSF11 polypeptide, (5) an increased level
of a NT5DC3 polypeptide or mRNA encoding the NTSDC3 polypeptide, (6) an increased
level of a SERPINE2 polypeptide or mRNA encoding the SERPINE2 polypeptide, (7), a
decreased level of a PARM1 polypeptide or mRNA encoding the PARMI1 polypeptide, (8) a
decreased level of an EMP2 polypeptide or mRNA encoding the EMP2 polypeptide, (9) a
decreased level of a PRKCB polypeptide or mRNA encoding the PRKCB polypeptide, (10) a
decreased level of a CDI1E polypeptide or mRNA encoding the CD1E polypeptide, (11) a
decreased level of an ALDH2 polypeptide or mRNA encoding the ALDH?2 polypeptide, and
(12) a decreased level of a CD200R1 polypeptide or mRNA encoding the CD200R 1
polypeptide, where the sample is a tissue sample comprising a melanoma cell; and (b)
subjecting the mammal to a surgery to remove the PCM; and (c) administering an adjuvant
therapy to the mammal. The method also can include determining that the PCM has a
Breslow depth of from about 0.8 mm to about 10 mm. The mammal can be a human. The
adjuvant therapy can include radiation therapy. The adjuvant therapy can include

administering an anti-cancer drug to the mammal. The anti-cancer drug can be nivolumab,
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ipilimumab, pembrolizumab, talimogene laherparepvec, vemurafenib, dabrafenib,
encorafenib, trametinib, cobimetinib, binimetinib, atezolizumab, avelumab, or durvalumab.

In another aspect, this document features methods for treating a mammal having a
PCM. The methods can include, or consist essentially of, subjecting a mammal having a
PCM to a surgery to remove the PCM and administering an adjuvant therapy to the mammal,
when the mammal is identified as having at least 4 of: (1) an increased level of a HJURP
polypeptide or mRNA encoding the HITURP polypeptide, (2) an increased level of a NUF2
polypeptide or mRNA encoding the NUF2 polypeptide, (3) an increased level of a PPP1R9A
polypeptide or mRNA encoding the PPP1R9A polypeptide, (4) an increased level of a
SRSF11 polypeptide or mRNA encoding the SRSF11 polypeptide, (5) an increased level of a
NTS5DC3 polypeptide or mRNA encoding the NTSDC3 polypeptide, (6) an increased level of
a SERPINE2 polypeptide or mRNA encoding the SERPINE2 polypeptide, (7), a decreased
level of a PARM1 polypeptide or mRNA encoding the PARM1 polypeptide, (8) a decreased
level of an EMP2 polypeptide or mRNA encoding the EMP2 polypeptide, (9) a decreased
level of a PRKCB polypeptide or mRNA encoding the PRKCB polypeptide, (10) a decreased
level of a CD1E polypeptide or mRNA encoding the CD1E polypeptide, (11) a decreased
level of an ALDH2 polypeptide or mRNA encoding the ALDH2 polypeptide, and (12) a
decreased level of a CD200R1 polypeptide or mRNA encoding the CD200R1 polypeptide in
a sample obtained from the mammal, where the sample is a tissue sample comprising a
melanoma cell. The method also can include determining that the PCM has a Breslow depth
of from about 0.8 mm to about 10 mm. The mammal can be a human. The adjuvant therapy
can include radiation therapy. The adjuvant therapy can include administering an anti-cancer
drug to the mammal. The anti-cancer drug can be nivolumab, ipilimumab, pembrolizumab,
talimogene laherparepvec, vemurafenib, dabrafenib, encorafenib, trametinib, cobimetinib,
binimetinib, atezolizumab, avelumab, or durvalumab.

In another aspect, this document features methods for treating a mammal having a
PCM. The methods can include, or consist essentially of, (a) determining if a sample from a
mammal having a PCM contains the absence of (1) an increased level of a HJURP
polypeptide or mRNA encoding the HITURP polypeptide, (2) an increased level of a NUF2
polypeptide or mRNA encoding the NUF2 polypeptide, (3) an increased level of a PPP1R9A
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polypeptide or mRNA encoding the PPP1R9A polypeptide, (4) an increased level of a
SRSF11 polypeptide or mRNA encoding the SRSF11 polypeptide, (5) an increased level of a
NTS5DC3 polypeptide or mRNA encoding the NTSDC3 polypeptide, (6) an increased level of
a SERPINE2 polypeptide or mRNA encoding the SERPINE2 polypeptide, (7), a decreased
level of a PARM1 polypeptide or mRNA encoding the PARM1 polypeptide, (8) a decreased
level of an EMP2 polypeptide or mRNA encoding the EMP2 polypeptide, (9) a decreased
level of a PRKCB polypeptide or mRNA encoding the PRKCB polypeptide, (10) a decreased
level of a CD1E polypeptide or mRNA encoding the CD1E polypeptide, (11) a decreased
level of an ALDH2 polypeptide or mRNA encoding the ALDH2 polypeptide, and (12) a
decreased level of a CD200R1 polypeptide or mRNA encoding the CD200R1 polypeptide,
where the sample is a tissue sample comprising a melanoma cell; and (b) subjecting the
mammal to a surgery to remove the PCM in the absence of an adjuvant therapy. The method
also can include determining that the PCM has a Breslow depth of from about 0.1 mm to
about 0.8 mm. The mammal can be a human. The adjuvant therapy can include radiation
therapy. The adjuvant therapy can include administering an anti-cancer drug to the mammal.
The anti-cancer drug can be nivolumab, ipilimumab, pembrolizumab, talimogene
laherparepvec, vemurafenib, dabrafenib, encorafenib, trametinib, cobimetinib, binimetinib,
atezolizumab, avelumab, or durvalumab.

In another aspect, this document features methods for treating a mammal having a
PCM. The methods can include, or consist essentially of, subjecting a mammal having a
PCM to a surgery to remove the PCM in the absence of an adjuvant therapy, when the
mammal is identified as lacking: (1) an increased level of a HIURP polypeptide or mRNA
encoding the HIURP polypeptide, (2) an increased level of a NUF2 polypeptide or mRNA
encoding the NUF2 polypeptide, (3) an increased level of a PPP1R9A polypeptide or mRNA
encoding the PPP1R9A polypeptide, (4) an increased level of a SRSF11 polypeptide or
mRNA encoding the SRSF11 polypeptide, (5) an increased level of a NTSDC3 polypeptide
or mRNA encoding the NTSDC3 polypeptide, (6) an increased level of a SERPINE2
polypeptide or mRNA encoding the SERPINE2 polypeptide, (7), a decreased level of a
PARMI1 polypeptide or mRNA encoding the PARM1 polypeptide, (8) a decreased level of an
EMP2 polypeptide or mRNA encoding the EMP2 polypeptide, (9) a decreased level of a



10

15

20

WO 2023/107328 PCT/US2022/051517

PRKCB polypeptide or mRNA encoding the PRKCB polypeptide, (10) a decreased level of a
CDIE polypeptide or mRNA encoding the CD1E polypeptide, (11) a decreased level of an
ALDH2 polypeptide or mRNA encoding the ALDH2 polypeptide, and (12) a decreased level
of a CD200R1 polypeptide or mRNA encoding the CD200R1 polypeptide in a sample
obtained from the mammal, where the sample is a tissue sample comprising a melanoma cell.
The method also can include determining that the PCM has a Breslow depth of from about
0.1 mm to about 0.8 mm. The mammal can be a human. The adjuvant therapy can include
radiation therapy. The adjuvant therapy can include administering an anti-cancer drug to the
mammal. The anti-cancer drug can be nivolumab, ipilimumab, pembrolizumab, talimogene
laherparepvec, vemurafenib, dabrafenib, encorafenib, trametinib, cobimetinib, binimetinib,
atezolizumab, avelumab, or durvalumab.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
pertains. Although methods and materials similar or equivalent to those described herein can
be used to practice the invention, suitable methods and materials are described below. All
publications, patent applications, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict, the present specification,
including definitions, will control. In addition, the materials, methods, and examples are
illustrative only and not intended to be limiting.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and advantages

of the invention will be apparent from the description and drawings, and from the claims.
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DESCRIPTION OF THE DRAWINGS

Figure 1 shows an exemplary method for step-by-step filtering of genes derived from
RNA sequencing experiments to identify markers for predicting melanoma relapse.

Figure 2 contains graphs showing receiver operating characteristics (ROCs) from
LASSO survival models at different time points. The models are derived from normalized
gene expression data obtained by RNA sequencing experiments.

Figure 3 contains a graph showing variables which appear at least 10% of times in the
300 models. These variables are derived from data obtained by RNA sequencing
experiments.

Figure 4 contains a table showing exemplary polypeptides having altered levels in
melanoma cells from PCMs that are likely to relapse. These results are derived from data
obtained by RNA sequencing experiments.

Figure 5 contains graphs showing receiver operating characteristics (ROCs) from
LASSO survival models at different time points. The models are derived from normalized
gene expression data obtained by quantitative PCR experiments.

Figure 6 contains a graph showing variables which appear at least 10% of times in the
300 models. These variables are derived from data obtained by quantitative PCR
experiments.

Figure 7 contains a table showing exemplary polypeptides having altered levels in
melanoma cells from PCMs that are likely to relapse. These results are derived from
quantitative PCR experiments.

Figure 8 shows levels of a HIURP polypeptide and mRNA encoding a HIURP
polypeptide in humans.

Figure 9 shows levels of a NUF2 polypeptide and mRNA encoding a NUF2
polypeptide in humans.

Figure 10 shows levels of a PPP1R9A polypeptide and mRNA encoding a PPP1ROA
polypeptide in humans.

Figure 11 shows levels of a SRSF11 polypeptide and mRNA encoding a SRSF11
polypeptide in humans.

11
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Figure 12 shows levels of a NTSDC3 polypeptide and mRNA encoding a NT5DC3
polypeptide in humans.

Figure 13 shows levels of a SERPINE2 polypeptide and mRNA encoding a
SERPINE2 polypeptide in humans.

Figure 14 shows levels of a PARM1 polypeptide and mRNA encoding a PARMI1
polypeptide in humans.

Figure 15 shows levels of an EMP2 polypeptide and mRNA encoding an EMP2
polypeptide in humans.

Figure 16 shows levels of a PRKCB polypeptide and mRNA encoding a PRKCB
polypeptide in humans.

Figure 17 shows levels of a CD1E polypeptide and mRNA encoding a CD1E
polypeptide in humans.

Figure 18 shows levels of an ALDH2 polypeptide and mRNA encoding an ALDH2
polypeptide in humans.

Figure 19 shows levels of a CD200R1 polypeptide and mRNA encoding a CD200R 1
polypeptide in humans.

DETAILED DESCRIPTION

This document provides methods and materials that can be used to determine whether
or not a melanoma (e.g., a PCM) is likely to relapse (e.g., likely to relapse following
treatment). For example, a sample (e.g., a tissue sample containing one or more melanoma
cells) obtained from a mammal having melanoma (e.g., PCM) can be assessed for the
presence or absence of an altered level (e.g., an increased level or a decreased level) of 4 or
more polypeptides in the sample to determine whether or not the melanoma is likely to
relapse. In some cases, the methods and materials provided herein also can include treating a
mammal having melanoma (e.g., PCM) where one or more cancer treatments are selected
based, at least in part, on whether or not the melanoma is likely to relapse.

A mammal (e.g., a human) having melanoma (e.g., PCM) can be assessed to
determine whether or not the melanoma is likely to relapse (e.g., likely to relapse following

treatment) by detecting the presence or absence of an altered level (e.g., an increased level or
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a decreased level) of 4 or more polypeptides in a sample (e.g., a tissue sample containing one
or more melanoma cells) obtained from the mammal. As described herein, the presence or
absence of an altered level (e.g., an increased level or a decreased level) of 4 or more
polypeptides in a sample (e.g., a tissue sample containing one or more melanoma cells)
obtained from a mammal having melanoma (e.g., PCM) can be used to determine whether or
not that melanoma is likely to relapse.

Any appropriate mammal having melanoma (e.g., PCM) can be assessed and/or
treated as described herein. Examples of mammals that can have melanoma (e.g., PCM) and
can be assessed and/or treated as described herein include, without limitation, humans, non-
human primates (e.g., monkeys), dogs, cats, horses, cows, pigs, sheep, mice, and rats. In
some cases, a human having melanoma (e.g., PCM) can be assessed and/or treated as
described herein.

When assessing and/or treating a mammal (e.g., a human) having melanoma as
described herein, the melanoma can be any type of melanoma. A melanoma can be any stage
of melanoma (e.g., stage 0, stage I, stage II, stage III, or stage [V). A melanoma can be at
any location on a mammal (e.g., a human) being assessed and/or treated as described herein.
In some cases, a melanoma can be at a location on a mammal’s body that has been exposed
to ultraviolet (UV) radiation. For example, a melanoma can be at a location on a mammal’s
body that has had exposure to the sun. For example, a melanoma can be at a location on a
mammal’s body that has had exposure to a tanning lamp and/or a tanning bed. Examples of
locations on a mammal’s body where a melanoma that can be assessed and/or treated as
described herein include, without limitation, chest, back, legs, arms, face, soles of the feet,
palms of the hands, fingernail beds, and/or toenail beds.

In some cases, the methods described herein can include identifying a mammal (e.g.,
a human) as having melanoma (e.g., PCM). Any appropriate method can be used to identify
a mammal as having melanoma (e.g., PCM). For example, physical examination (e.g., to
examine the skin to look for signs that may indicate melanoma), imaging techniques (e.g., X-
rays, computerized tomography (CT) scanning, and positron emission tomography (PET)),
laboratory examination (e.g., of a skin sample obtained by biopsy), and/or laboratory tests

(e.g., blood tests for elevated lactate dehydrogenase (LDH), the presence of a BRAFV600E
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mutation, and the presence of DNA methylation markers) can be used to identify a mammal
(e.g., a human) as having melanoma (e.g., PCM). In some cases, a mammal can be identified
as having melanoma (e.g., PCM) without having been subjected to a sentinel lymph node
biopsy (SLNb). In some cases, a mammal can be identified as having melanoma (e.g., PCM)
and having a negative SLNb.

In some cases, a melanoma (e.g., PCM) can be identified as likely to relapse (e.g.,
likely to relapse following treatment) based, at least in part, on the presence of an altered
level of 4 or more polypeptides (or mRNA encoding such polypeptides) in a sample (e.g., a
tissue sample containing one or more melanoma cells) obtained from a mammal having the
melanoma. In some cases, an altered level can be an increased level of one or more
polypeptides (or mRNA encoding such polypeptides) in a sample (e.g., a tissue sample
containing one or more melanoma cells) obtained from a mammal having melanoma (e.g.,
PCM). The term “increased level” as used herein with respect to a level of a polypeptide (or
mRNA encoding that polypeptide) in a sample refers to any level that is higher than a
reference level of the polypeptide (or mRNA). In some cases, an altered level can be a
decreased level of a polypeptide (or mRNA encoding that polypeptide) in a sample (e.g., a
tissue sample containing one or more melanoma cells) obtained from a mammal having
melanoma (e.g., PCM). The term “decreased level” as used herein with respect to a level of a
polypeptide (or mRNA encoding that polypeptide) in a sample refers to any level that is
lower than a reference level of the polypeptide (or mRNA). The term “reference level” as
used herein with respect to a level of a polypeptide (or mRNA) refers to the level of the
polypeptide (or mRNA) typically observed in a control sample. Control samples are samples
obtained from mammals having melanoma at the time of initial diagnosis and having a SLNb
performed within 90 days of the diagnosis, where the mammal after treatment experienced
relapse-free survival for at least 4 years. It will be appreciated that levels of polypeptides (or
mRNAs) from comparable samples are used when determining whether or not a particular
level is an altered level of a polypeptide (or mRNA).

A melanoma (e.g., PCM) that is likely to relapse (e.g., likely to relapse following
treatment) can have the presence of an altered level of any appropriate polypeptides (or

mRNAs encoding the polypeptides) in a sample (e.g., a tissue sample containing one or more
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melanoma cells) obtained from a mammal having the melanoma. Examples of polypeptides
that can be assessed to determine if an elevated level is present or absent within a sample
(e.g., a tissue sample containing one or more melanoma cells) obtained from a mammal
having melanoma (e.g., PCM) as described herein include, without limitation, a HJURP
polypeptide, a NUF2 polypeptide, a PPP1ROA polypeptide, a SRSF11 polypeptide, a
NTS5DC3 polypeptide, a PARM1 polypeptide, an EMP2 polypeptide, a PRKCB polypeptide,
a CDIE polypeptide, an ALDH?2 polypeptide, a CD200R1 polypeptide, a SERPINE2
polypeptide, and a SPP1 polypeptide. Examples of mRNA that can be assessed to determine
if an altered level is present or absent within a sample (e.g., a tissue sample containing one or
more melanoma cells) obtained from a mammal having melanoma (e.g., PCM) as described
herein include, without limitation, mRNAs encoding a HJURP polypeptide, a NUF2
polypeptide, a PPP1R9A polypeptide, a SRSF11 polypeptide, a NTSDC3 polypeptide, a
PARMI1 polypeptide, an EMP2 polypeptide, a PRKCB polypeptide, a CD1E polypeptide, an
ALDH2 polypeptide, a CD200R1 polypeptide, a SERPINE2 polypeptide, or a SPP1
polypeptide. In some cases, a polypeptide that can be assessed to determine if an elevated
level is present or absent within a sample (e.g., a tissue sample containing one or more
melanoma cells) obtained from a mammal having melanoma (e.g., PCM) can be as listed in
Figure 4 or Figure 7. In some cases, an mRNA encoding a polypeptide as listed in Figure 4
or Figure 7 can be assessed to determine if an altered level is present or absent within a
sample (e.g., a tissue sample containing one or more melanoma cells) obtained from a
mammal having melanoma (e.g., PCM).

In some cases, a melanoma (e.g., PCM) is not assessed for an altered (e.g., an
increased or a decreased) level of a TGFBR1 polypeptide (and an mRNA encoding a
TGFBR1 polypeptide), a SERPINE2 polypeptide (and an mRNA encoding a SERPINE2
polypeptide), a CXCLS polypeptide (and an mRNA encoding a CXCLS8 polypeptide), a
GDF15 polypeptide (and an mRNA encoding a GDF15 polypeptide), a PLAT polypeptide
(and an mRNA encoding a PLAT polypeptide), a MLANA polypeptide (and an mRNA
encoding a MLANA polypeptide), a ITGB3 polypeptide (and an mRNA encoding a ITGB3
polypeptide), and/or a LOXL4 polypeptide (and an mRNA encoding a LOXL4 polypeptide).
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In some cases, a melanoma (e.g., PCM) that is likely to relapse (e.g., likely to relapse
following treatment) can lack an increased level of a TGFBR1 polypeptide (or an mRNA
encoding a TGFBR1 polypeptide), an increased level of a SERPINE2 polypeptide (or an
mRNA encoding a SERPINE2 polypeptide), an increased level of a CXCL8 polypeptide (or
an mRNA encoding a CXCL8 polypeptide), an increased level of a GDF15 polypeptide (or
an mRNA encoding a GDF15 polypeptide), an increased level of a PLAT polypeptide (or an
mRNA encoding a PLAT polypeptide), an increased level of a MLLANA polypeptide (or an
mRNA encoding a MLANA polypeptide), an increased level of a ITGB3 polypeptide (or an
mRNA encoding a ITGB3 polypeptide), and/or an increased level of a LOXL4 polypeptide
(or an mRNA encoding a LOXL4 polypeptide).

In some cases, an altered level of a polypeptide (or mRNA) can be an increased level
of a HIURP polypeptide (or an increased level of an mRNA encoding a HJURP
polypeptide). Examples of HIURP polypeptides and nucleic acid sequences encoding a
HIJURP polypeptide include, without limitation, those set forth in the National Center for
Biotechnology Information (NCBI) databases at, for example, accession no Q8NCD3
(version Q8NCD3.2). For example, an increased level of a HJURP polypeptide (or an
mRNA encoding a HIURP polypeptide) can be any level that is higher than a reference level
of the HJURP polypeptide (or a reference level of an mRNA encoding a HIURP
polypeptide). In some case, a reference level of a HIURP polypeptide in humans can be a
level of a HIURP polypeptide in a sample (e.g., a tissue sample containing one or more
melanoma cells) obtained from the human of from about 1 picogram (pg)/melanoma cell to
about 2.3 pg/melanoma cell. For example, an increased level of a HIURP polypeptide can be
at least 5% (e.g., about 5%, about 10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, about 80%, about 90%, about 95%, or more) higher than a reference level
of a HIURP polypeptide. For example, an increased level of a HJURP polypeptide can be a
level that is at least 2 (e.g., at least 5, at least 10, at least 15, at least 20, at least 25, at least
35, or at least 50) fold greater than a reference level of a HJURP polypeptide. In some case,
a reference level of an mRNA encoding a HIURP polypeptide in humans can be a level of
such mRNA that is from about 0.17 pg/melanoma cell to about 0.3 pg/melanoma cell. For
example, an increased level of mRNA encoding a HIURP polypeptide can be a level that is
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at least 5% (e.g., about 5%, about 10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, about 80%, about 90%, about 95%, or more) higher than a reference level
of mRNA encoding a HJURP polypeptide. For example, an increased level of mRNA
encoding a HJURP polypeptide can be a level that is at least 2 (e.g., at least 5, at least 10, at
least 15, at least 20, at least 25, at least 35, or at least 50) fold greater than a reference level
of mRNA encoding a HIURP polypeptide.

In some cases, an altered level of a polypeptide can be an increased level of a NUF2
polypeptide. Examples of NUF2 polypeptides and nucleic acid sequences encoding a NUF2
polypeptide include, without limitation, those set forth in the NCBI databases at, for
example, accession no. Q9BZD4 (version Q9BZD4.2). For example, an increased level of a
NUF2 polypeptide (or an mRNA encoding a NUF2 polypeptide) can be any level that is
higher than a reference level of the NUF2 polypeptide (or a reference level of an mRNA
encoding a NUF2 polypeptide). In some case, a reference level of a NUF2 polypeptide in
humans can be a level of a NUF2 polypeptide in a sample (e.g., a tissue sample containing
one or more melanoma cells) obtained from the human of from about 0.9 pg/melanoma cell
to about 1.5 pg/melanoma cell. For example, an increased level of a NUF2 polypeptide can
be at least 5% (e.g., about 5%, about 10%, about 20%, about 30%, about 40%, about 50%,
about 60%, about 70%, about 80%, about 90%, about 95%, or more) higher than a reference
level of a NUF2 polypeptide. For example, an increased level of a NUF2 polypeptide can be
a level that is at least 2 (e.g., at least 5, at least 10, at least 15, at least 20, at least 25, at least
35, or at least 50) fold greater than a reference level of a NUF2 polypeptide. In some case, a
reference level of an mRNA encoding a NUF2 polypeptide in humans can be a level of such
mRNA that is from about 0.11 pg/melanoma cell to about 0.19 pg/melanoma cell. For
example, an increased level of mRNA encoding a NUF2 polypeptide can be a level that is at
least 5% (e.g., about 5%, about 10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, about 80%, about 90%, about 95%, or more) higher than a reference level
of mRNA encoding a NUF2 polypeptide. For example, an increased level of mRNA
encoding a NUF2 polypeptide can be a level that is at least 2 (e.g., at least 5, at least 10, at
least 15, at least 20, at least 25, at least 35, or at least 50) fold greater than a reference level

of mRNA encoding a NUF2 polypeptide.
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In some cases, an altered level of a polypeptide can be an increased level of a
PPP1ROA polypeptide. Examples of PPP1R9 A polypeptides and nucleic acid sequences
encoding a PPP1R9A polypeptide include, without limitation, those set forth in the NCBI
databases at, for example, accession no. Q9ULIJS8 (version Q9ULJ8.2). For example, an
increased level of a PPP1R9A polypeptide (or an mRNA encoding a PPP1R9A polypeptide)
can be any level that is higher than a reference level of the PPP1R9A polypeptide (or a
reference level of an mRNA encoding a PPP1R9A polypeptide). In some case, a reference
level of a PPP1R9A polypeptide in humans can be a level of a PPP1R9A polypeptide in a
sample (e.g., a tissue sample containing one or more melanoma cells) obtained from the
human of from about 1.3 pg/melanoma cell to about 2.6 pg/melanoma cell. For example, an
increased level of a PPP1R9A polypeptide can be at least 5% (e.g., about 5%, about 10%,
about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about
90%, about 95%, or more) higher than a reference level of a PPP1R9A polypeptide. For
example, an increased level of a PPP1R9A polypeptide can be a level that is at least 2 (e.g., at
least 5, at least 10, at least 15, at least 20, at least 25, at least 35, or at least 50) fold greater
than a reference level of a PPP1ROA polypeptide. In some case, a reference level of an
mRNA encoding a PPP1R9A polypeptide in humans can be a level of such mRNA that is
from about 0.37 pg/melanoma cell to about 0.77 pg/melanoma cell. For example, an
increased level of mRNA encoding a PPP1R9A polypeptide can be a level that is at least 5%
(e.g., about 5%, about 10%, about 20%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, about 90%, about 95%, or more) higher than a reference level of
mRNA encoding a PPP1R9A polypeptide. For example, an increased level of mRNA
encoding a PPP1R9A polypeptide can be a level that is at least 2 (e.g., at least 5, at least 10,
at least 15, at least 20, at least 25, at least 35, or at least 50) fold greater than a reference level
of mRNA encoding a PPP1R9A polypeptide.

In some cases, an altered level of a polypeptide can be an increased level of a
SRSF11 polypeptide. Examples of SRSF11 polypeptides and nucleic acid sequences
encoding a SRSF11 polypeptide include, without limitation, those set forth in the NCBI
databases at, for example, accession no. Q05519 (version Q05519.1). For example, an

increased level of a SRSF11 polypeptide (or an mRNA encoding a SRSF11 polypeptide) can
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be any level that is higher than a reference level of the SRSF11 polypeptide (or a reference
level of an mRNA encoding a SRSF11 polypeptide). In some case, a reference level of a
SRSF11 polypeptide in humans can be a level of a SRSF11 polypeptide in a sample (e.g., a
tissue sample containing one or more melanoma cells) obtained from the human of from
about 3.2 pg/melanoma cell to about 7.0 pg/melanoma cell. For example, an increased level
of a SRSF11 polypeptide can be at least 5% (e.g., about 5%, about 10%, about 20%, about
30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about 95%, or
more) higher than a reference level of a SRSF11 polypeptide. For example, an increased
level of a SRSF11 polypeptide can be a level that is at least 2 (e.g., at least 5, at least 10, at
least 15, at least 20, at least 25, at least 35, or at least 50) fold greater than a reference level
of a SRSF11 polypeptide. In some case, a reference level of an mRNA encoding a SRSF11
polypeptide in humans can be a level of such mRNA that is from about 0.79 pg/melanoma
cell to about 1.71 pg/melanoma cell. For example, an increased level of mRNA encoding a
SRSF11 polypeptide can be a level that is at least 5% (e.g., about 5%, about 10%, about
20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%,
about 95%, or more) higher than a reference level of mRNA encoding a SRSF11
polypeptide. For example, an increased level of mRNA encoding a SRSF11 polypeptide can
be a level that is at least 2 (e.g., at least 5, at least 10, at least 15, at least 20, at least 25, at
least 35, or at least 50) fold greater than a reference level of mRNA encoding a SRSF11
polypeptide.

In some cases, an altered level of a polypeptide can be an increased level of a
NTSDC3 polypeptide. Examples of NTSDC3 polypeptides and nucleic acid sequences
encoding a NTSDC3 polypeptide include, without limitation, those set forth in the NCBI
databases at, for example, accession no. Q86UY8 (version Q86UYS8.1). For example, an
increased level of a NTSDC3 polypeptide (or an mRNA encoding a NTSDC3 polypeptide)
can be any level that is higher than a reference level of the NTSDC3 polypeptide (or a
reference level of an mRNA encoding a NTSDC3 polypeptide). In some case, a reference
level of a NTSDC3 polypeptide in humans can be a level of a NTSDC3 polypeptide in a
sample (e.g., a tissue sample containing one or more melanoma cells) obtained from the

human of from about 3.8 pg/melanoma cell to about 8.2 pg/melanoma cell. For example, an
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increased level of a NTSDC3 polypeptide can be at least 5% (e.g., about 5%, about 10%,
about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about
90%, about 95%, or more) higher than a reference level of a NT5SDC3 polypeptide. For
example, an increased level of a NTSDC3 polypeptide can be a level that is at least 2 (e.g., at
least 5, at least 10, at least 15, at least 20, at least 25, at least 35, or at least 50) fold greater
than a reference level of a NTSDC3 polypeptide. In some case, a reference level of an
mRNA encoding a NT5DC3 polypeptide in humans can be a level of such mRNA that is
from about 1.5 pg/melanoma cell to about 3.28 pg/melanoma cell. For example, an increased
level of mRNA encoding a NT5DC3 polypeptide can be a level that is at least 5% (e.g., about
5%, about 10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%,
about 80%, about 90%, about 95%, or more) higher than a reference level of mRNA
encoding a NTSDC3 polypeptide. For example, an increased level of mRNA encoding a
NTSDC3 polypeptide can be a level that is at least 2 (e.g., at least 5, at least 10, at least 15, at
least 20, at least 25, at least 35, or at least 50) fold greater than a reference level of mRNA
encoding a NT5DC3 polypeptide.

In some cases, an altered level of a polypeptide can be an increased level of a
SERPINE2 polypeptide. Examples of SERPINE2 polypeptides and nucleic acid sequences
encoding a SERPINE2 polypeptide include, without limitation, those set forth in the NCBI
databases at, for example, accession no. P07093 (version P07093.1). For example, an
increased level of a SERPINE?2 polypeptide (or an mRNA encoding a SERPINE2
polypeptide) can be any level that is higher than a reference level of the SERPINE2
polypeptide (or a reference level of an mRNA encoding a SERPINE2 polypeptide). In some
case, a reference level of a SERPINE2 polypeptide in humans can be a level of a SERPINE2
polypeptide in a sample (e.g., a tissue sample containing one or more melanoma cells)
obtained from the human of from about 2.0 pg/melanoma cell to about 22.1 pg/melanoma
cell. For example, an increased level of a SERPINE?2 polypeptide can be at least 5% (e.g.,
about 5%, about 10%, about 20%, about 30%, about 40%, about 50%, about 60%, about
70%, about 80%, about 90%, about 95%, or more) higher than a reference level of a
SERPINE2 polypeptide. For example, an increased level of a SERPINE?2 polypeptide can be
a level that is at least 2 (e.g., at least 5, at least 10, at least 15, at least 20, at least 25, at least
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35, or at least 50) fold greater than a reference level of a SERPINE2 polypeptide. In some
case, a reference level of an mRNA encoding a SERPINE2 polypeptide in humans can be a
level of such mRNA that is from about 0.4 pg/melanoma cell to about 4.48 pg/melanoma
cell. For example, an increased level of mRNA encoding a SERPINE2 polypeptide can be a
level that is at least 5% (e.g., about 5%, about 10%, about 20%, about 30%, about 40%,
about 50%, about 60%, about 70%, about 80%, about 90%, about 95%, or more) higher than
a reference level of mRNA encoding a SERPINE2 polypeptide. For example, an increased
level of mRNA encoding a SERPINE2 polypeptide can be a level that is at least 2 (e.g., at
least 5, at least 10, at least 15, at least 20, at least 25, at least 35, or at least 50) fold greater
than a reference level of mRNA encoding a SERPINE2 polypeptide.

In some cases, an altered level of a polypeptide can be a decreased level of a PARMI
polypeptide. Examples of PARM1 polypeptides and nucleic acid sequences encoding a
PARMI polypeptide include, without limitation, those set forth in the NCBI databases at, for
example, accession no. QOUWI2 (version QOUWI2.1). For example, a decreased level of a
PARMI polypeptide (or an mRNA encoding a PARM1 polypeptide) can be any level that is
lower than a reference level of the PARM1 polypeptide (or a reference level of an mRNA
encoding a PARMI1 polypeptide). In some case, a reference level of a PARM1 polypeptide in
humans can be a level of a PARMI1 polypeptide in a sample (e.g., a tissue sample containing
one or more melanoma cells) obtained from the human of from about 1.7 pg/melanoma cell
to about 3.0 pg/melanoma cell. For example, a decreased level of a PARM1 polypeptide can
be at least 5% (e.g., about 5%, about 10%, about 20%, about 30%, about 40%, about 50%,
about 60%, about 70%, about 80%, about 90%, about 95%, or more) lower than a reference
level of a PARMI1 polypeptide. For example, a decreased level of a PARMI polypeptide can
be a level that is at least 2 (e.g., at least 5, at least 10, at least 15, at least 20, at least 25, at
least 35, or at least 50) fold less than a reference level of a PARM1 polypeptide. In some
case, a reference level of an mRNA encoding a PARM1 polypeptide in humans can be a level
of such mRNA that is from about 0.93 pg/melanoma cell to about 1.65 pg/melanoma cell.
For example, a decreased level of mRNA encoding a PARM1 polypeptide can be a level that
is at least 5% (e.g., about 5%, about 10%, about 20%, about 30%, about 40%, about 50%,

about 60%, about 70%, about 80%, about 90%, about 95%, or more) lower than a reference
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level of mRNA encoding a PARMI polypeptide. For example, a decreased level of mRNA
encoding a PARM1 polypeptide can be a level that is at least 2 (e.g., at least 5, at least 10, at
least 15, at least 20, at least 25, at least 35, or at least 50) fold less than a reference level of
mRNA encoding a PARM1 polypeptide.

In some cases, an altered level of a polypeptide can be a decreased level of an EMP2
polypeptide. Examples of EMP2 polypeptides and nucleic acid sequences encoding a EMP2
polypeptide include, without limitation, those set forth in the NCBI databases at, for
example, accession no. P54851 (version P54851.1). For example, a decreased level of an
EMP2 polypeptide (or an mRNA encoding an EMP2 polypeptide) can be any level that is
lower than a reference level of the EMP2 polypeptide (or a reference level of an mRNA
encoding an EMP2 polypeptide). In some case, a reference level of an EMP2 polypeptide in
humans can be a level of an EMP2 polypeptide in a sample (e.g., a tissue sample containing
one or more melanoma cells) obtained from the human of from about 0.6 pg/melanoma cell
to about 1.5 pg/melanoma cell. For example, a decreased level of an EMP2 polypeptide can
be at least 5% (e.g., about 5%, about 10%, about 20%, about 30%, about 40%, about 50%,
about 60%, about 70%, about 80%, about 90%, about 95%, or more) lower than a reference
level of an EMP2 polypeptide. For example, a decreased level of an EMP2 polypeptide can
be a level that is at least 2 (e.g., at least 5, at least 10, at least 15, at least 20, at least 25, at
least 35, or at least 50) fold less than a reference level of an EMP2 polypeptide. In some
case, a reference level of an mRNA encoding an EMP2 polypeptide in humans can be a level
of such mRNA that is from about 0.6 pg/melanoma cell to about 1.39 pg/melanoma cell. For
example, a decreased level of mRNA encoding an EMP2 polypeptide can be a level that is at
least 5% (e.g., about 5%, about 10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, about 80%, about 90%, about 95%, or more) lower than a reference level of
mRNA encoding an EMP2 polypeptide. For example, a decreased level of mRNA encoding
an EMP2 polypeptide can be a level that is at least 2 (e.g., at least 5, at least 10, at least 15, at
least 20, at least 25, at least 35, or at least 50) fold less than a reference level of mRNA
encoding an EMP2 polypeptide.

In some cases, an altered level of a polypeptide can be a decreased level of a PRKCB

polypeptide. Examples of PRKCB polypeptides and nucleic acid sequences encoding a
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PRKCB polypeptide include, without limitation, those set forth in the NCBI databases at, for
example, accession no. PO5771 (version PO5771.4). For example, a decreased level of a
PRKCB polypeptide (or an mRNA encoding a PRKCB polypeptide) can be any level that is
lower than a reference level of the PRKCB polypeptide (or a reference level of an mRNA
encoding a PRKCB polypeptide). In some case, a reference level of a PRKCB polypeptide
in humans can be a level of a PRKCB polypeptide in a sample (e.g., a tissue sample
containing one or more melanoma cells) obtained from the human of from about 2.9
pg/melanoma cell to about 5.2 pg/melanoma cell. For example, a decreased level of a
PRKCB polypeptide can be at least 5% (e.g., about 5%, about 10%, about 20%, about 30%,
about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about 95%, or more)
lower than a reference level of a PRKCB polypeptide. For example, a decreased level of a
PRKCB polypeptide can be a level that is at least 2 (e.g., at least 5, at least 10, at least 15, at
least 20, at least 25, at least 35, or at least 50) fold less than a reference level of a PRKCB
polypeptide. In some case, a reference level of an mRNA encoding a PRKCB polypeptide in
humans can be a level of such mRNA that is about 1.05 pg/melanoma cell to about 1.89
pg/melanoma cell. For example, a decreased level of mRNA encoding a PRKCB
polypeptide can be a level that is at least 5% (e.g., about 5%, about 10%, about 20%, about
30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about 95%, or
more) lower than a reference level of mRNA encoding a PRKCB polypeptide. For example,
a decreased level of mRNA encoding a PRKCB polypeptide can be a level that is at least 2
(e.g., atleast 5, at least 10, at least 15, at least 20, at least 25, at least 35, or at least 50) fold
less than a reference level of mRNA encoding a PRKCB polypeptide.

In some cases, an altered level of a polypeptide can be a decreased level of a CD1E
polypeptide. Examples of CD1E polypeptides and nucleic acid sequences encoding a CD1E
polypeptide include, without limitation, those set forth in the NCBI databases at, for
example, accession no. P15812 (version P15812.2). For example, a decreased level of a
CDI1E polypeptide (or an mRNA encoding a CD1E polypeptide) can be any level that is
lower than a reference level of the CD1E polypeptide (or a reference level of an mRNA
encoding a CD1E polypeptide). In some case, a reference level of a CD1E polypeptide in

humans can be a level of a CD1E polypeptide in a sample (e.g., a tissue sample containing
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one or more melanoma cells) obtained from the human of from about 5.9 pg/melanoma cell
to about 7.7 pg/melanoma cell. For example, a decreased level of a CD1E polypeptide can
be at least 5% (e.g., about 5%, about 10%, about 20%, about 30%, about 40%, about 50%,
about 60%, about 70%, about 80%, about 90%, about 95%, or more) lower than a reference
level of a CD1E polypeptide. For example, a decreased level of a CD1E polypeptide can be
a level that is at least 2 (e.g., at least 5, at least 10, at least 15, at least 20, at least 25, at least
35, or at least 50) fold less than a reference level of a CD1E polypeptide. In some case, a
reference level of an mRNA encoding a CD1E polypeptide in humans can be a level of such
mRNA that is from about 0.89 pg/melanoma cell to about 1.17 pg/melanoma cell. For
example, a decreased level of mRNA encoding a CD1E polypeptide can be a level that is at
least 5% (e.g., about 5%, about 10%, about 20%, about 30%, about 40%, about 50%, about
60%, about 70%, about 80%, about 90%, about 95%, or more) lower than a reference level of
mRNA encoding a CD1E polypeptide. For example, a decreased level of mRNA encoding a
CDIE polypeptide can be a level that is at least 2 (e.g., at least 5, at least 10, at least 15, at
least 20, at least 25, at least 35, or at least 50) fold less than a reference level of mRNA
encoding a CD1E polypeptide.

In some cases, an altered level of a polypeptide can be a decreased level of an
ALDH2 polypeptide. Examples of ALDH2 polypeptides and nucleic acid sequences
encoding an ALDH2 polypeptide include, without limitation, those set forth in the NCBI
databases at, for example, accession no. P05091 (version P05091.2). For example, a
decreased level of an ALDH?2 polypeptide (or an mRNA encoding an ALDH2 polypeptide)
can be any level that is lower than a reference level of the ALDH2 polypeptide (or a
reference level of an mRNA encoding an ALDH2 polypeptide). In some case, a reference
level of an ALDH2 polypeptide in humans can be a level of an ALDH2 polypeptide in a
sample (e.g., a tissue sample containing one or more melanoma cells) obtained from the
human of from about 4.8 pg/melanoma cell to about 11.4 pg/melanoma cell. For example, a
decreased level of an ALDH?2 polypeptide can be at least 5% (e.g., about 5%, about 10%,
about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about
90%, about 95%, or more) lower than a reference level of an ALDH2 polypeptide. For
example, a decreased level of an ALDH2 polypeptide can be a level that is at least 2 (e.g., at
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least 5, at least 10, at least 15, at least 20, at least 25, at least 35, or at least 50) fold less than
a reference level of an ALDH2 polypeptide. In some case, a reference level of an mRNA
encoding an ALDH?2 polypeptide in humans can be a level of such mRNA that is from about
2.87 pg/melanoma cell to about 6.76 pg/melanoma cell. For example, a decreased level of
mRNA encoding an ALDH2 polypeptide can be a level that is at least 5% (e.g., about 5%,
about 10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about
80%, about 90%, about 95%, or more) lower than a reference level of mRNA encoding an
ALDH?2 polypeptide. For example, a decreased level of mRNA encoding an ALDH2
polypeptide can be a level that is at least 2 (e.g., at least 5, at least 10, at least 15, at least 20,
at least 25, at least 35, or at least 50) fold less than a reference level of ALDH2 encoding an
EMP2 polypeptide.

In some cases, an altered level of a polypeptide can be a decreased level of a
CD200R1 polypeptide. Examples of CD200R1 polypeptides and nucleic acid sequences
encoding a CD200R1 polypeptide include, without limitation, those set forth in the NCBI
databases at, for example, accession no. Q8TD46 (version Q8TD46.3). For example, a
decreased level of a CD200R1 polypeptide (or an mRNA encoding a CD200R1 polypeptide)
can be any level that is lower than a reference level of the CD200R1 polypeptide (or a
reference level of an mRNA encoding a CD200R 1 polypeptide). In some case, a reference
level of a CD200R1 polypeptide in humans can be a level of a CD200R1 polypeptide in a
sample (e.g., a tissue sample containing one or more melanoma cells) obtained from the
human of from about 1.1 pg/melanoma cell to about 1.8 pg/melanoma cell. For example, a
decreased level of a CD200R1 polypeptide can be at least 5% (e.g., about 5%, about 10%,
about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80%, about
90%, about 95%, or more) lower than a reference level of a CD200R1 polypeptide. For
example, a decreased level of a CD200R1 polypeptide can be a level that is at least 2 (e.g., at
least 5, at least 10, at least 15, at least 20, at least 25, at least 35, or at least 50) fold less than
a reference level of a CD200R1 polypeptide. In some case, a reference level of an mRNA
encoding a CD200R1 polypeptide in humans can be a level of such mRNA that is from about
0.36 pg/melanoma cell to about 0.59 pg/melanoma cell. For example, a decreased level of

mRNA encoding a CD200R1 polypeptide can be a level that is at least 5% (e.g., about 5%,
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about 10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about
80%, about 90%, about 95%, or more) lower than a reference level of mRNA encoding a
CD200R1 polypeptide. For example, a decreased level of mRNA encoding a CD200R 1
polypeptide can be a level that is at least 2 (e.g., at least 5, at least 10, at least 15, at least 20,
at least 25, at least 35, or at least 50) fold less than a reference level of mRNA encoding a
CD200R1 polypeptide.

Any appropriate method can be used to identify the presence, absence, or level of a
polypeptide or mRNA encoding that polypeptide. In some cases, the presence, absence, or
level of an mRNA encoding a polypeptide can be assessed by detecting and/or quantifying
the mRNA encoding a polypeptide. Examples of methods that can be used to detect and/or
quantify mRNA include, without limitation, RT-PCR techniques (e.g., quantitative RT-PCR
techniques), and RNA sequencing methods. In some cases, the presence, absence, or level of
a polypeptide can be assessed by detecting and/or quantifying the polypeptide. Examples of
methods that can be used to detect and/or quantify polypeptides include, without limitation,
immunohistochemistry (IHC) techniques, mass spectrometry techniques (e.g., proteomics-
based mass spectrometry assays or targeted quantification-based mass spectrometry assays),
western blotting techniques, and enzyme-linked immunoassay (ELISA). In some cases, the
presence, absence, or level of a polypeptide and/or mRNA encoding that polypeptide can be
identified as described in Example 1.

Any appropriate sample from a mammal (e.g., a human) having melanoma (e.g.,
PCM) can be assessed as described herein (e.g., for the presence or absence of an altered
level of 4 or more polypeptides). In some cases, a sample can be a biological sample. In
some cases, a sample can contain one or more cancer cells (e.g., melanoma cells). In some
cases, a sample can contain one or more biological molecules (e.g., nucleic acids such as
DNA and RNA, polypeptides, carbohydrates, lipids, hormones, and/or metabolites). For
example, tissue samples (e.g., tissue samples obtained by skin biopsy). A sample can be a
fresh sample or a fixed sample (e.g., a formaldehyde-fixed sample or a formalin-fixed
sample). In some cases, one or more biological molecules can be isolated from a sample

(e.g., from one or more cancer cells within the sample). For example, nucleic acid can be
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isolated from a sample and can be assessed as described herein. For example, polypeptides
can be isolated from a sample and can be assessed as described herein.

In some cases, methods and materials for determining whether or not a melanoma
(e.g., aPCM) is likely to relapse (e.g., likely to relapse following treatment) as described
herein also can include determining a Breslow depth of the melanoma. A Breslow depth of a
melanoma can be from about 0.1 mm to about 10 mm. In some cases, a Breslow depth of
greater than about 0.8 mm (e.g., from about 0.8 mm to about 10 mm, from about 0.8 mm to
about 9 mm, from about 0.8 mm to about 8 mm, from about 0.8 mm to about 7 mm, from
about 0.8 mm to about 6 mm, from about 0.8 mm to about 5 mm, from about 0.8 mm to
about 4 mm, from about 0.8 mm to about 3 mm, from about 0.8 mm to about 2 mm, from
about 0.8 mm to about 1 mm, from about 1 mm to about 10 mm, from about 2 mm to about
10 mm, from about 3 mm to about 10 mm, from about 4 mm to about 10 mm, from about 5
mm to about 10 mm, from about 6 mm to about 10 mm, from about 7 mm to about 10 mm,
from about 8 mm to about 10 mm, from about 9 mm to about 10 mm, from about 1 mm to
about 9 mm, from about 2 mm to about 8 mm, from about 3 mm to about 7 mm, from about 4
mm to about 6 mm, from about 1 mm to about 3 mm, from about 2 mm to about 4 mm, from
about 3 mm to about 5 mm, from about 4 mm to about 6 mm, from about 5 mm to about 7
mm, from about 6 mm to about 8 mm, or from about 7 mm to about 9 mm) can indicate that
a melanoma is likely to relapse. For example, a Breslow depth of greater than about 0.8 mm
in combination with the presence of an altered level (e.g., an increased level or a decreased
level) of 4 or more polypeptides can indicate that a melanoma is likely to relapse. In some
cases, a Breslow depth of less than about 0.8 mm (e.g., from about 0.1 mm to about 0.7 mm,
from about 0.1 mm to about 0.6 mm, from about 0.1 mm to about 0.5 mm, from about 0.1
mm to about 0.4 mm, from about 0.1 mm to about 0.3 mm, from about 0.1 mm to about 0.2
mm, from about 0.2 mm to about 0.8 mm, from about 0.3 mm to about 0.8 mm, from about
0.4 mm to about 0.8 mm, from about 0.5 mm to about 0.8 mm, from about 0.6 mm to about
0.8 mm, from about 0.7 mm to about 0.8 mm, from about 0.2 mm to about 0.7 mm, from
about 0.3 mm to about 0.6 mm, from about 0.4 mm to about 0.5 mm, from about 0.2 mm to
about 0.4 mm, from about 0.3 mm to about 0.5 mm, from about 0.4 mm to about 0.6 mm, or

from about 0.5 mm to about 0.7 mm) can indicate that a melanoma is not likely to relapse.

27



10

15

20

25

30

WO 2023/107328 PCT/US2022/051517

For example, a Breslow depth of less than about 0.8 mm in combination with the absence of
an altered level (e.g., an increased level or a decreased level) of 4 or more polypeptides can
indicate that a melanoma is not likely to relapse. Any appropriate method can be used to
determine a Breslow depth of a melanoma (e.g., a PCM). For example, tumor depth of a skin
sample (e.g., a skin sample obtained by excisional biopsy), an ocular micrometer at a right
angle to the skin, and/or measurements obtained from digitized slides using computer
software can be used to determine a Breslow depth of a melanoma (e.g., a PCM).

In some cases, a mammal (e.g., a human) having a melanoma (e.g., a PCM) that is
identified as not being likely to relapse (e.g., not likely to relapse following treatment) as
described herein (e.g., based, at least in part, on the absence of an altered level of 4 or more
polypeptides) can be selected to receive surgery to remove the melanoma. For example, a
mammal having a melanoma (e.g., a PCM) that is identified as lacking an increased level of
a HJURP polypeptide (or mRNA encoding a HIURP polypeptide), an increased level of a
NUF2 polypeptide (or mRNA encoding a NUF2 polypeptide), an increased level of a
PPP1RO9A polypeptide (or mRNA encoding a PPP1R9A polypeptide), an increased level of a
SRSF11 polypeptide (or mRNA encoding a SRSF11 polypeptide), an increased level of a
NTSDC3 polypeptide (or mRNA encoding a NTSDC3 polypeptide), an increased level of
SERPINE2 polypeptide (or mRNA encoding a SERPINE2 polypeptide), a decreased level of
a PARMI polypeptide (or mRNA encoding a PARMI1 polypeptide), a decreased level of an
EMP2 polypeptide (or mRNA encoding an EMP2 polypeptide), a decreased level of a
PRKCB polypeptide (or mRNA encoding a PRKCB polypeptide), a decreased level of a
CDIE polypeptide (or mRNA encoding a CD1E polypeptide), a decreased level of an
ALDH2 polypeptide (or mRNA encoding an ALDH2 polypeptide), and a decreased level of
CD200R1 polypeptide (or mRNA encoding a CD200R1 polypeptide) in a sample (e.g., a
tissue sample containing one or more melanoma cells) obtained from the mammal can be
selected to undergo surgery to remove the melanoma (e.g., in the absence of any adjuvant
therapies).

In some cases, a mammal (e.g., a human) having a melanoma (e.g., a PCM) that is
identified as being likely to relapse (e.g., likely to relapse following treatment) as described

herein (e.g., based, at least in part, on the presence of an altered level of 4 or more
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polypeptides) can be selected to receive surgery to remove the melanoma and can be selected
for increased monitoring. For example, a mammal having a melanoma (e.g., a PCM) that is
identified as having the presence of an altered level of 4 or more polypeptides in a sample
(e.g., a tissue sample containing one or more melanoma cells) obtained from the mammal can
be selected to receive one or more (e.g., one, two, three, four, five, or more) tests that can be
used to identify whether or not a melanoma (e.g., PCM) has relapsed.

In some cases, a mammal (e.g., a human) having a melanoma (e.g., a PCM) that is
identified as being likely to relapse (e.g., likely to relapse following treatment) as described
herein (e.g., based, at least in part, on the presence of an altered level of 4 or more
polypeptides) can be selected to receive surgery to remove the melanoma and can be selected
for treatment with one or more adjuvant therapies. For example, a mammal having a
melanoma (e.g., a PCM) that is identified as having the presence of an altered level of 4 or
more polypeptides in a sample (e.g., a tissue sample containing one or more melanoma cells)
obtained from the mammal can be selected to undergo surgery to remove the melanoma and
to receive one or more (e.g., one, two, three, four, five, or more) adjuvant therapies.

This document also provides methods for treating a mammal (e.g., a human) having
melanoma (e.g., a PCM). In some cases, a mammal (e.g., a human) having a melanoma (e.g.,
a PCM) that is assessed as described herein (e.g., to determine whether or not the melanoma
is likely to relapse based, at least in part, on the presence or absence of an altered level of 4
or more polypeptides in a sample obtained from the mammal) can be administered or
instructed to self-administer one or more (e.g., one, two, three, four, five, or more) cancer
treatments, where the one or more cancer treatments are effective to treat the cancer within
the mammal. For example, a mammal having melanoma (e.g., a PCM) can be administered
or instructed to self-administer one or more cancer treatments selected based, at least in part,
on whether or not the melanoma is likely to relapse (e.g., based, at least in part, on the
presence or absence of an altered level of 4 or more polypeptides in a sample obtained from
the mammal).

In general, a cancer treatment for melanoma (e.g., a PCM) can include any
appropriate melanoma cancer treatment. In some cases, a cancer treatment for melanoma

(e.g., a PCM) can include surgery and other medical interventions. Examples of surgeries
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and other medical interventions that can be performed on a mammal having melanoma (e.g.,
a PCM) to treat the mammal include, without limitation, surgery (e.g., to remove a
melanoma, to remove the tissue around a melanoma, to remove a melanoma and the
surrounding tissue, and/or to remove regional lymph nodes), and radiation therapy. In some
cases, a cancer treatment can include administering one or more anti-cancer drugs (e.g.,
chemotherapeutic agents, targeted cancer drugs, and immunotherapy drugs) to a mammal in
need thereof. Examples of anti-cancer drugs that can be administered to a mammal having
melanoma (e.g., a PCM) can include, without limitation, nivolumab (e.g., OPDIVO®),
ipilimumab (e.g., YERVOY®™), pembrolizumab (e.g., KEYTRUDA"®), talimogene
laherparepvec (T-VEC; e.g., IMLYGIC®™), vemurafenib (e.g., ZELBORAF®), dabrafenib
(e.g., TAFINLAR®), encorafenib (e.g., BRAFTOVI®), trametinib (e.g., MEKINIST®),
cobimetinib (e.g., COTELLIC®), binimetinib (e.g., MEKTOVI®), atezolizumab (e.g.,
TECENTRIQ®), avelumab (e.g., BAVENCIO®), durvalumab (e.g., IMFINZI®), and
combinations thereof.

When treating a mammal (e.g., a human) having a melanoma (e.g., a PCM) that is
identified as not being likely to relapse (e.g., not likely to relapse following treatment) as
described herein (e.g., based, at least in part, on the absence of an altered level of 4 or more
polypeptides), the mammal can undergo surgery (e.g., local reexcision surgery) to remove the
melanoma. For example, a mammal having a melanoma (e.g., a PCM) that is identified as
lacking an increased level of a HIURP polypeptide (or mRNA encoding a HITURP
polypeptide), an increased level of a NUF2 polypeptide (or mRNA encoding a NUF2
polypeptide), an increased level of a PPP1R9A polypeptide (or mRNA encoding a PPP1IROA
polypeptide), an increased level of a SRSF11 polypeptide (or mRNA encoding a SRSF11
polypeptide), an increased level of a NTSDC3 polypeptide (or mRNA encoding a NT5DC3
polypeptide), an increased level of SERPINE2 polypeptide (or mRNA encoding a SERPINE2
polypeptide), a decreased level of a PARM1 polypeptide (or mRNA encoding a PARM1
polypeptide), a decreased level of an EMP2 polypeptide (or mRNA encoding an EMP2
polypeptide), a decreased level of a PRKCB polypeptide (or mRNA encoding a PRKCB
polypeptide), a decreased level of a CD1E polypeptide (or mRNA encoding a CD1E
polypeptide), a decreased level of an ALDH2 polypeptide (or mRNA encoding an ALDH2
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polypeptide), and a decreased level of CD200R1 polypeptide (or mRNA encoding a
CD200R1 polypeptide) in a sample (e.g., a tissue sample containing one or more melanoma
cells) obtained from the mammal can undergo local reexcision surgery to remove the
melanoma.

In some cases, when treating a mammal (e.g., a human) having a melanoma (e.g., a
PCM) that is identified as not being likely to relapse (e.g., not likely to relapse following
treatment) as described herein (e.g., based, at least in part, on the absence of an altered level
of 4 or more polypeptides), the surgery can be the sole cancer treatment used to treat the
mammal. For example, a mammal having a melanoma (e.g., a PCM) that is identified as
lacking an increased level of a HJURP polypeptide (or mRNA encoding a HJURP
polypeptide), an increased level of a NUF2 polypeptide (or mRNA encoding a NUF2
polypeptide), an increased level of a PPP1R9A polypeptide (or mRNA encoding a PPP1IR9A
polypeptide), an increased level of a SRSF11 polypeptide (or mRNA encoding a SRSF11
polypeptide), an increased level of a NTSDC3 polypeptide (or mRNA encoding a NT5DC3
polypeptide), an increased level of SERPINE2 polypeptide (or mRNA encoding a SERPINE2
polypeptide), a decreased level of a PARM1 polypeptide (or mRNA encoding a PARM1
polypeptide), a decreased level of an EMP2 polypeptide (or mRNA encoding an EMP2
polypeptide), a decreased level of a PRKCB polypeptide (or mRNA encoding a PRKCB
polypeptide), a decreased level of a CD1E polypeptide (or mRNA encoding a CD1E
polypeptide), a decreased level of an ALDH2 polypeptide (or mRNA encoding an ALDH2
polypeptide), and a decreased level of CD200R1 polypeptide (or mRNA encoding a
CD200R1 polypeptide) in a sample (e.g., a tissue sample containing one or more melanoma
cells) obtained from the mammal can undergo surgery to remove the melanoma and is not
administered or instructed to self-administer any additional (e.g., adjuvant) cancer treatments.

When treating a mammal (e.g., a human) having a melanoma (e.g., a PCM) that is
identified as being likely to relapse (e.g., likely to relapse following treatment) as described
herein (e.g., based, at least in part, on the presence of an altered level of 4 or more
polypeptides), the mammal can undergo surgery to remove the melanoma and can be
administered or instructed to self-administer one or more adjuvant therapies. For example, a

mammal having a melanoma (e.g., a PCM) that is identified as having the presence of an
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altered level of 4 or more polypeptides in a sample (e.g., a tissue sample containing one or
more melanoma cells) obtained from the mammal can undergo surgery to remove the
melanoma and can be administered or instructed to self-administer one or more (e.g., one,
two, three, four, five, or more) adjuvant therapies. An adjuvant therapy can be any
appropriate cancer treatment. In some cases, radiation therapy can be used as an adjuvant
therapy with surgery to treat a mammal having a melanoma (e.g., a PCM) that is identified as
being likely to relapse as described herein. In some cases, a cancer treatment that can be
used as an adjuvant therapy with surgery to treat a mammal having a melanoma (e.g., a
PCM) that is identified as being likely to relapse as described herein can include
administering one or more anti-cancer drugs (e.g., chemotherapeutic agents, targeted cancer
drugs, and immunotherapy drugs) to the mammal. Examples of anti-cancer drugs that can be
administered to a mammal having melanoma (e.g., a PCM) can include, without limitation,
nivolumab (e.g., OPDIVO®), ipilimumab (e.g., YERVOY®), pembrolizumab (e.g.,
KEYTRUDA®), talimogene laherparepvec (T-VEC; e.g., IMLYGIC®), vemurafenib (e.g.,
ZELBORAF®), dabrafenib (e.g., TAFINLAR™), encorafenib (e.g., BRAFTOVI®), trametinib
(e.g., MEKINIST®), cobimetinib (e.g., COTELLIC®), binimetinib (e.g., MEKTOVI®),
atezolizumab (e.g., TECENTRIQ®), avelumab (e.g., BAVENCIO®), durvalumab (e.g.,
IMFINZI®), and combinations thereof.

In some cases, when treating a mammal (e.g., a human) having melanoma (e.g.,
PCM) as described herein, the treatment can be effective to treat the melanoma. For
example, the number of cancer cells present within a mammal can be reduced using the
methods and materials described herein. In some cases, the methods and materials described
herein can be used to reduce the number of cancer cells present within a mammal having
melanoma by, for example, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, or more percent. In some
cases, the number of cancer cells present within a mammal does not increase. For example,
the size (e.g., volume) of one or more tumors present within a mammal can be reduced using
the methods and materials described herein. In some cases, the methods and materials
described herein can be used to reduce the size of one or more tumors present within a

mammal having melanoma (e.g., PCM) by, for example, 10, 20, 30, 40, 50, 60, 70, 80, 90,
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95, or more percent. In some cases, the size (e.g., volume) of one or more tumors present
within a mammal does not increase.

In some cases, when treating a mammal (e.g., a human) having melanoma (e.g.,
PCM) as described herein, the treatment can be effective to treat the melanoma while
minimizing the risk of relapse. For example, the number of cancer cells present within a
mammal can be reduced using the methods and materials described herein. In some cases,
the methods and materials described herein can be used to reduce the number of cancer cells
present within a mammal having melanoma by, for example, 10, 20, 30, 40, 50, 60, 70, 80,
90, 95, or more percent. In some cases, the number of cancer cells present within a mammal
does not increase. For example, the size (e.g., volume) of one or more tumors present within
a mammal can be reduced using the methods and materials described herein. In some cases,
the methods and materials described herein can be used to reduce the size of one or more
tumors present within a mammal having melanoma (e.g., PCM) by, for example, 10, 20, 30,
40, 50, 60, 70, 80, 90, 95, or more percent. In some cases, the size (e.g., volume) of one or
more tumors present within a mammal does not increase.

In some cases, when treating a mammal (e.g., a human) having melanoma (e.g.,
PCM) as described herein, the treatment can be effective to improve survival of the mammal.
For example, the methods and materials described herein can be used to improve disease-free
survival (e.g., relapse-free survival). For example, the methods and materials described
herein can be used to improve overall survival. For example, the methods and materials
described herein can be used to improve the survival of a mammal having melanoma (e.g.,
PCM) by, for example, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, or more percent. For example,
the methods and materials described herein can be used to improve the survival of a mammal
having melanoma (e.g., PCM) by, for example, at least 6 months (e.g., about 6 months, about
8 months, about 10 months, about 1 year, about 1.5 years, about 2 years, about 2.5 years, or
about 3 years).

In some cases, when treating a mammal (e.g., a human) having melanoma (e.g.,
PCM) as described herein, the treatment can be effective to improve survival of the mammal
while minimizing the risk of relapse. For example, the methods and materials described

herein can be used to improve disease-free survival (e.g., relapse-free survival). For
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example, the methods and materials described herein can be used to improve overall survival.
For example, the methods and materials described herein can be used to improve the survival
of a mammal having melanoma (e.g., PCM) by, for example, 10, 20, 30, 40, 50, 60, 70, 80,
90, 95, or more percent. For example, the methods and materials described herein can be
used to improve the survival of a mammal having melanoma (e.g., PCM) by, for example, at
least 6 months (e.g., about 6 months, about 8 months, about 10 months, about 1 year, about
1.5 years, about 2 years, about 2.5 years, or about 3 years).

In some cases, when treating a mammal (e.g., a human) having melanoma (e.g.,
PCM) as described herein, the treatment can be effective to reduce or eliminate one or more
symptoms of the melanoma. Examples of symptoms of melanoma (e.g., PCM) that can be
reduced or eliminated using the methods and materials described herein can include, without
limitation, changes in one or more existing moles, development of a new pigmented and/or
unusual-looking growth on the skin, sores that don’t heal, redness and/or swelling that
spreads outside the border of a spot to the surrounding skin, itchiness, tenderness, pain,
blurry vision, partial loss of sight, and dark spots in the iris. For example, the methods and
materials described herein can be used to reduce one or more symptoms of melanoma (e.g.,
PCM) within a mammal having melanoma by, for example, 10, 20, 30, 40, 50, 60, 70, 80, 90,
95, or more percent.

In some cases, when treating a mammal (e.g., a human) having melanoma (e.g.,
PCM) as described herein, the treatment can be effective to reduce or eliminate one or more
symptoms of the melanoma while minimizing the risk of relapse. Examples of symptoms of
melanoma (e.g., PCM) that can be reduced or eliminated using the methods and materials
described herein can include, without limitation, changes in one or more existing moles,
development of a new pigmented and/or unusual-looking growth on the skin, sores that don’t
heal, redness and/or swelling that spreads outside the border of a spot to the surrounding
skin, itchiness, tenderness, pain, blurry vision, partial loss of sight, and dark spots in the iris.
For example, the methods and materials described herein can be used to reduce one or more
symptoms of melanoma (e.g., PCM) within a mammal having melanoma by, for example, 10,

20, 30, 40, 50, 60, 70, 80, 90, 95, or more percent.
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In some cases, a course of treatment, the number of cancer cells present within a
mammal and/or the severity of one or more symptoms related to the melanoma (e.g., PCM)
can be monitored. Any appropriate method can be used to determine whether or not the
number of cancer cells present within a mammal is reduced. For example, imaging
techniques can be used to assess the number of cancer cells present within a mammal.

The invention will be further described in the following examples, which do not limit

the scope of the invention described in the claims.

EXAMPLES

LExample 1: A prognostic gene expression signature for primary cutaneous melanoma

While the melanoma biomarker landscape is evolving, there are currently no
generally accepted, thoroughly studied, guideline-recommended predictive or prognostic
biomarkers available that identify early-stage high-risk disease (Grossman et al., Melanoma
Management, 6 MMT32 (2019); and Grossman ef al., JAMA Dermatol., 156:1004-11
(2020)).

This Example describes the identification of a gene expression signature for primary
cutaneous melanoma that can be used to predict whether or not a melanoma patient is at a

higher risk of relapse.

Discovery cohort

For the discovery of the classifier, a subset of an 837 patient, prospectively-designed
archival discovery cohort was used. This cohort has been characterized as described
elsewhere (Eggermont ef al., Eur. J. Cancer, 140:11-8 (2020); Bellomo et al., JCO Precision
Oncology, 2020:319-34 (2020); Meves et al., J. Clin. Oncol., 33:2509-15 (2015); Kung et
al., J. Invest. Dermatol., 140:2301-4.e3 (2020); Quattrocchi et al., Int. J. Dermatol.,
59:1241-8 (2020); and Meves ef al., Mayo Clin. Proc. Innov. Qual. Outcomes, 4:586—7
(2020)). Briefly, this is a cohort of melanoma patients who had a SLNb performed within 90
days of their diagnosis (a time interval shown not to affect SLNbD positivity or survival rates).
Electronic searches of pathology reports retrospectively identified patients with primary

cutaneous melanoma with known SLNb status.
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Eligibility

Eligibility was based on histopathology data derived from patient medical records and
established by two or more board-certified dermatopathologists. Inclusion was determined
by institutional practice guidelines for recommending SLNb, which were based on Breslow
thickness, ulceration, mitoses, and patient age. Patients were eligible for this study if they
met one of the following three conditions: 1) Breslow thickness greater than 1.0 mm; 2)
Breslow thickness of 0.75-0.99 mm and presence of ulceration, mitoses, or patient age less
than 40 years; or 3) Breslow thickness of 0.50—0.74 mm and presence of at least two of the

following: ulceration, mitoses and patient age less than 40 years.

Exclusion criteria

Exclusion criteria were as follows: M1 disease within 90 days of primary diagnosis;
insufficient primary tumor diagnostic biopsy tissue; inadequate RNA harvested and, denial of
access to medical records for research purposes. Patients were not excluded based on

histologic type, but histologic type was recorded as a clinicopathologic variable.

Patient and tumor characteristics

Patient and tumor characteristics are as described elsewhere (Eggermont ef al., Fur. J.
Cancer, 140:11-8 (2020)). Most patients, namely 580/837 or 69%, were diagnosed with
early-stage I/IIA disease. 50/837 patients or 6% developed brain metastases. 78/837 or 9%
of patients presented with stage IITA disease, 42 of these 78 patients had low-volume SLNb

metastasis (individual tumor cells or cell clusters <0.1 mm).

RNA sequencing
RNA sequencing data, which was used for the discovery of the disclosed CP-GEP

classifier, was derived from a subset of 382 of the 837 patients:
o 384 samples were selected from the 837-patient cohort based on RNA quality, i.e.,
RIN scores, DV200 scores, concentration, fragment sizes, and the presence of primer dimers.
o Relapse-free survival (RFS): The majority of patients (52%) in the RNAseq group
were diagnosed with stage I/ITA disease (199/384). Median follow-up was 43.7 months;
87/384 (23%) of patients experienced a relapse as of December 1, 2019.
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o RNA libraries were prepared according to the manufacturer's instructions for the
TruSeq® RNA Exome Library Prep Kit by Illumina (San Diego, CA).

o Coding regions of the transcriptome were captured by pooling four of the cDNA
libraries at 200 ng each, following the TruSeq®™ RNA Exome Library Prep Kit instructions.

o Libraries were multiplexed at 96 samples per flow cell, following Illumina’s
standard protocol for the Illumina NovaSeq™ 6000 and S4 flow cell. The flow cells were
sequenced as 100 X 2 paired-end reads using the NovaSeq™ S4 sequencing kit and
NovaSeq™ Control Software v1.6.0. Base-calling was performed using Illumina’s RTA
version 3.4.4.

o An S4 flow cell’s total output is nine billion single-end reads, or 18 billion paired-

end reads passing filters (about 94 million single-end reads per sample).

RNA sequencing data — Quality Control

Quality Control (QC) was performed using MultiQC.

e Total samples sequenced: 384.

e Sample MM725 failed sequencing.

® The remaining 383 samples showed the following characteristics:

o Average sequencing depth (million reads): 91 [range: 13.5 — 502].

o Average mapped reads (%): 81 [range: 71 — 87]; this means that on average, ~19%
of reads were unmapped, which falls within the normal, expected range.

o Average ribosomal reads (%): 0.57 [range: 0.1 — 1.8]; this is excellent; no reads
were lost to ribosomal regions.

e Included into downstream analysis: 383 of 384 total samples.

e Overall, the QC of the samples looked excellent.

Univariate association of gene expression with relapse-free survival.

The primary endpoint here was time to relapse after initial diagnosis of melanoma.
Subjects who died, were lost to follow-up, or reached the end of the study period without
relapse were censored at those respective time points.

Initial analyses examined, in turn, the univariate associations of clinical and gene

expression attributes with time to relapse using Cox proportional hazards regression analysis.
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Clinical characteristics included age at diagnosis (years), gender, Breslow depth (mm),
presence of tumor ulceration and mitotic rate level. Gene expression was examined first
using the original CPM expression measures and second using inverse normal-transformed
(van der Waerden) rank measures. All continuous variables were modeled assuming a log-
linear association with time to relapse.

e Relapse events: 95/383; median follow-up: 4.71 years.

® A 9,950 out of a total of 17,450 sequenced unique genes (57%) were univariately
associated with melanoma relapse as defined by a q-value <0.05.

® The g-value is an adjusted p-value, taking in to account the false discovery rate

(FDR).

Multivariate analysis: association of gene expression with relapse-free survival

e Multivariate = each expression association is adjusted for the independent effects of
patient age at diagnosis, sex, ulcerations, Breslow depth and mitotic rate level.

e For the categorical variables, males were compared to females (referent group) and
to those with an ulceration to those without (referent group). All the continuous variables are
modeled as a one degree-of-freedom linear term, which assumes a log-linear association
between the variable of interest and risk of relapse. By transforming the expression variables
using inverse normal (van der Waerden) scores, hazard ratios for these variables can now be
interpreted as the change in risk of relapse per one standard deviation, or z-score, in the
transformed value of the expression variable.

® 3,514 of 17,450 genes (20%) are significant based on multivariate analysis using a
q-value cutoff of <5%.

® 3345 of 17,450 genes (19%) are significant in both univariate and multivariate
analysis, based on the g-value cutoff (5% of significant tests will result in false positives).

19% of the genes passed the cutoff.

Genes expression biomarkers currently used for the Merlin Assay by SkylineDx

8 primary genes, which are used as biomarkers in the Merlin assay by SkylineDx can

be found in Table 1.

38



PCT/US2022/051517

WO 2023/107328

6¢

SLE-TTOT / TOMSLOT-6E0L0 "ON 10300 AouIony

LLT6OT O 86L9L0°0 [9LI8ST'T 9760860 8L6S61'T  |80CTI00  |LFSTIOO 6£0TCOT | €€TTSOT |TEF90€T PIXOT| TE€I8CT00000DSNH
LST880°0 ELTESO0 |LSSEOS'T €€8966°0 €9€09C'T  [SOHSE'T |90-dSTY 8YLI0T |8IF6ECTT |860199'1 €dDII| LOT6STOO000DSNH
€€6SL0°0 LLBOYO0 [€T6019'T SYI0T10'T 6£9SLTT  |90-HIL6 |90-HI8'T LOLY60T |POTTSET |PITH8I'L €dDII| €SL6STOO000DSNH
9108900 C9STE00 |€9F96S'T €08910°'L 08€T1 98¢t+00°0 |L¥8F00°0 F9€699°T  |L6T960'T |618TSEL VNVTN| STITOTT00000DSNH
96E¥0°0 I18F910°0 |SSOFLI'T 8S1€SO'T LOLLTET  |SO-HED'T |90-HOL'6 IFE910°T |TS90TET [F#19STI'T LVId| 89¢r0T00000DSNH
SLYPE00 6680100 SI81€9'T 6¥LE90'T ISL8IET  [TTIO000 |SOHLT9 9087881 | V8FTYTT |LOLOEST STAAD | €1S0£T00000DSNH
1278200 198L00°0 |TETOLO'T 1669111 696€CS T |80-HL8'T |OI-HST9 €9T8YS'T |€00FTIT [TOEFEOT 8TOXD | 6TF69T00000DSNH
886100 TSET00°0 [98STER'T 6966€1°1 69€SHT T |LOHISE |80-HFO'F €96681°C |FPEILYT'T [T9€08L'T | THNIJYHS | 616SET00000DSNH
T9E10°0 L¥6100°0 [¥8LE00T €6C691°1 6890¢S T |80-HF6'E |60-HLS'T 9EYITT'T |T09S9ET |8£0ST6'L IddS| €$8L8ITO0000DSNH
LTO0TO0 8801000 [61S6¥8'1 9619911 6£989F° 1 |SO-H9T'E |SO-HLT'T LLLTO6'T |680TOTT |€01TOS'T ™dADL| 66L90T100000DSNH
JELBANMA [ DN NN NN | DA oner | Sjeueatu( | i) oneAd | TUQ ¢6| TN 6 UM ONBI| SWENIUSD TeA
eAb| Tonead|cg 1D Joddn|cg 1D 19MmO0] pIezey eAb 1D addn | 1D 10MO] pIezey
‘[ 31qeL

39



10

15

20

25

WO 2023/107328 PCT/US2022/051517

As can be seen, the Merlin genes are not the highest performing genes in the dataset.

Example 2: CP-GEP models for predicting relapse

The R glmnet package (version 4.1-1) was used to fit the LASSO models. Briefly,
this method fits a penalized partial likelihood estimation algorithm to a Cox model A(#}x) = Ao
(?) exp{XP}, subject to Z |f| <s. Conditioning on the penalty term s allows for both
parameter estimation and feature selection, as variables whose parameter estimates are
shrunk to 0 are effectively removed from the prediction model. The number of relapses in
the study (N=95) prohibited us from splitting the study set into training and testing sets. An
alternative solution to this external validation approach is to internally validate the model by
repeated cross-validation and average the predictive performance across the multiple test
sets. This double loop cross-validation approach was as described elsewhere (Bellomo ez al.,
JCO Precision Oncology, 2020:319-34 (2020)). In brief, this approach (1) randomly sorts
the study set; (2) uses 10-fold cross-validation to estimate the LASSO penalty term; and (3)
uses 3-fold cross-validation and the penalty term from (2) to build/train a predictive model on
two-thirds of the data and test the model on the remaining one-third, resulting in 3 predictive
models. This process is repeated 100 times, generating a total of 300 predictive models. Due
to the way the 3-fold cross-validation approach assigns subjects to training and testing sets,
each subject is included in exactly 100 of the 300 model test sets. Final time-specific relapse
probability estimates for a given subject are then calculated by averaging their survival
estimates at various times post-diagnosis across the 100 test set models. The overall
predictive capability of the model was assessed using a survival-based concordance (c-)
statistic, and time-specific predictive capabilities were assessed at various years post-
diagnosis using receiver operating characteristics (ROC curves). The variables most
predictive of relapse were determined based on the proportion of times they were included in
the 300 LASSO models. One final model was then created by fitting these most predictive
variables with Cox LASSO regression using a penalty term equal to the average of the

penalty terms from the 100 loops.
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Gene filtering approach.
All genes reported by the MAP-RSeq workflow (N = 64,523) were filtered as

follows:
e noncoding genes were removed.
® genes with low expression were removed.
® genes with low variability in expression across samples were removed.

e See Figure 1 for details.

Models used in LASSO

The following two models were created:
1. Clinical variables (CV) + Mutation burden value (MBV) + BRAFV600 + NRASG12 +
NRASQ61 + Variable Gene Expression (LASSO Survival model)
2. Clinical variables (CV) + Mutation burden value (MBV) + BRAFV600 + NRASG12 +
NRASQ61 + Variable Gene Expression (LASSO Logistic regression model to determine
SLND status)

* Blom inverse normal transformation was applied for variables “Breslow”,

“mitotic_rate level” and Gene expressions.

* Clinical variables (CV) includes:

- Time, Relapse status, (Only used in model 1)

- SLNb_status (Only used in model 2)

- Calc_age primary mel biopsy, sex, ulceration YES, ulceration unknown, breslow,
mitotic_rate level

* For mutations BRAFV600, NRASG12, NRASQ61 value was set as 0 in WT and 1 if

mutation was present.
ROC:s at different time points are shown in Figure 2. Variables which appear at least

10% of times in the 300 models are shown in Figure 3. Tumor mutational burden (TMB) did

not add any significant value for predicting melanoma relapse.
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The AUC for CV + gene expression + mutation burden value (MBV) + BRAFV600,
NRASG12, and NRASQ61 mutations are shown in Table 2.

Table 2. AUC with CV + Gene expression + MBV + Mutations.

Year Clinical

1 0.6815132
2 0.6853817
3 0.6913476
4 0.6979536
5 0.6903177

Genes demonstrating differential expression that can be used to predict melanoma
relapse are shown in Figure 4. A positive coefficient value for genes analyzed by this
approach indicates that increased gene expression is correlated with increased patient risk
while a negative coefficient value for genes indicates that decreased gene expression is
correlated with increased patient risk.

Together these results demonstrate that an increased level of a HJURP polypeptide,
an increased level of a NUF2 polypeptide, an increased level of a PPP1R9A polypeptide, an
increased level of a SRSF11 polypeptide, an increased level of a NT5DC3 polypeptide, a
decreased level of a PARM1 polypeptide, a decreased level of an EMP2 polypeptide, a
decreased level of a PRKCB polypeptide, and a decreased level of a CD1E polypeptide in
melanoma cells of a mammal having melanoma can be used to identify that mammal as

being likely to relapse.
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Example 3: A prognostic gene expression signature for primary cutaneous melanoma
Methods:

Patient Cohort

The study cohort was derived from a previously published cohort of 854 patients
diagnosed with stage I-1II malignant melanoma who had an SLNb performed within 90 days
of their diagnosis (Quattrocchi ef al., Int. J. Dermatol., 59:1241-8 (2020)). Briefly, patients
with primary cutaneous melanoma with known SLN status were retrospectively identified by
electronic searches of pathology reports. Charts were then reviewed for eligibility criteria
(see next paragraph), and if met, diagnostic biopsy tissue was requested. Patients underwent
SLNb. Patients who presented with stage IV disease or who developed stage IV disease
within 90 days of melanoma diagnosis were excluded from the cohort.

For the purpose of this analysis, patients with stage IIB-C (N=54) or stage III disease
(N=203) at diagnosis (patients with advanced primary tumors or regional metastasis) were
excluded. Thus, all patients included were with stage I-IIA disease (patients with early-stage
primaries and no evidence of metastasis).

All specimens were analyzed by quantitative polymerase chain reaction (qPCR). 23
additional patients were excluded for poor qPCR amplification. Thus, a total of 574 patients

were included into the analysis.

Quantitative polymerase chain reaction

Quantitative polymerase chain reaction (PCR) was performed as described elsewhere
(Bellomo et al., JCO Precision Oncology, 2020:319-34 (2020)). Briefly, RNA purification
was from formalin-fixed paraffin-embedded tissue (QIAGEN, Hilden, Germany).
Quantitative reverse transcription PCR was done using the BioMark HD System and
dynamic array integrated fluid circuits (Fluidigm, South San Francisco, CA). All cDNA was
pre-amplified (TagMan PreAmp Master Mix, Applied Biosystems, Foster City, CA). Array-
based quantitative PCR was developed with the help of the TagMan Gene Expression Master
Mix (Applied Biosystems). After thermal cycling, raw Ct data were checked for linear
amplification. Gene expression was corrected by the mean of housekeeping genes (RLPO,

RLPS, and B-actin) using the ACt method.
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Variable selection

Clinical characteristics considered included age at diagnosis (years); gender; Breslow
depth (mm); mitotic rate level; extent of tumor infiltrating lymphocytes (absent, non-brisk,
brisk); histologic type (superficial spreading, nodular, desmoplastic, lentigo maligna, acral
lentiginous, spindled, dermal, spitzoid, nevoid, missed, other/unclassifiable); biopsy location
(head/neck, trunk, upper extremities, lower extremities, acral); and presence of ulceration,
regression, microsatellitosis, and angiolymphatic invasion.

Gene expression was determined for the following 138 genes:

ABCC3, ACTG1P20, ACVRIC, ADAM12, ADAMTS19, ADIPOQ, AGRN, ALDH?,
APOD, ARSG, BCL2L11, BMBPRIB, BIC, CBX3, CDIE, CD200RI, CD274, CD44, CD68,
CDHI11, CDH2, CDKNI1A, CDKN2A, CENPF, CNINI, COL4A1, COL6A1, CORO2B,
CPN1, CSRC, C1GF, CTLA4, CINNBI1, CXCL1, CXCL9, DCD, DLC1, EGFR, ELOVL2,
ERBB2, ETV7, EYA4, FCERIA, FGFR2, FLTI, FNI1, GDF11, GDF15, GPRC5B, HEY |,
HHATL, HJIURP, HNRNPA1P33, HOPX, IGFIR, IGFBPS, IL8, INHBA, ITGA2, ITGA3,
ITGAS, ITGBI, ITGB3, ITGBS, ITGB6, I[TGB7, ITGBS, KCNK10, KCNQS5, KRT14, LAMAA,
LAMBI, LAMB3, LGALS1, LHFPL3, LIMAI, LOXLI, LOXL3, LOXL4, LRRC15, MITF,
MKI67, MLANA, MMP 10, MMP 14, MMP3, MOBP, MX1, MYBL2, MYH4, MYL9, NALCN,
NR2E1, NT5DC3, NUF2, OR52N4, PARM 1, PDCD1, PIM2, PLAT, PLAU, PLOD3,
PPPIRIA, PPPIR9A, PRAME, PRKCB, PTK2, RARA, RGS1, RLBP1, SDC3, SERPINE]I,
SERPINE?2, SIRPG, SLC24A42, SMAD4, SPP1, SRSF11, SSX2B, TFAP2B, TGFBI1, TGFB2,
TGFB3, IGFBI, TGFBRI, TGFBR2, THBS1, THBS2, IMEM163, TMEM98, TNC, TOX,
1P53, TUBAS, TUBB3, UPP1, VIM, WBP5

Missing expression values occurred at a rate of 0.3% of the total number of
expression values (255/79212). Data were filled for regression analysis using mean

imputation.

Statistical methods
The primary endpoint for the study was time to relapse after initial diagnosis of
melanoma. Subjects who died, were lost to follow-up, or reached the end of the study period

without relapse were censored at those respective timepoints. Gene expression was
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examined using normalized cycle threshold values (ACt values). All continuous variables
were modeled assuming a log-linear association with time to relapse.

Multivariate models to predict time to relapse were built using Cox proportional
hazards, least absolute shrinkage and selection operator (LASSO) regression with a double
loop cross-validation (DLCV) component. The R glmnet package (version 4.1-1) was used
to fit the LASSO models (Tibshirani ez al., J. R. Stat. Soc., 58:267-88 (1996), and Tibshirani
et al., Stat. Med., 16:385-95 (1997)). Briefly, this method fits a penalized partial likelihood

estimation algorithm to a Cox model A{t{x} = A, (€} exp{Xf}, subject to ¥ |5, < 5.

Conditioning on the penalty term s allows for both parameter estimation and feature
selection, as variables whose parameter estimates are shrunk to 0 are effectively removed
from the prediction model. The number of relapses in the study (N=85) prohibited splitting
the study set into training and testing sets. An alternative solution to this external validation
approach is to internally validate the model by repeated cross-validation and average the
predictive performance across the multiple test sets. This double loop cross-validation
approach has been described elsewhere (Wessels ef al. Bioinformatics 2005;21:3755-62) and
has been employed by us previously to predict sentinel lymph node metastasis in the study
set (Bellomo et al., JCO Precision Oncology, 2020:319-34 (2020)). In brief, this approach
(1) randomly sorts the study set; (2) uses 10-fold cross-validation to estimate the LASSO
penalty term; and (3) uses 3-fold cross-validation and the penalty term from (2) to build/train
a predictive model on two-thirds of the data and test the model on the remaining one-third,
resulting in 3 predictive models. This process is repeated 100 times, generating a total of 300
predictive models. Due to the way the 3-fold cross-validation approach assigns subjects to
training and testing sets, each subject is included in exactly 100 of the 300 model test sets.
Final time-specific relapse probability estimates for a given subject are then calculated by
averaging their survival estimates at various times post-diagnosis across the 100 test set
models. The overall predictive capability of the model was assessed using a survival-based
concordance (c-)statistic, and time-specific predictive capabilities were assessed at various
years post-diagnosis using receiver operating characteristics (ROC curves). The variables
most predictive of relapse were determined based on the proportion of times they were

included in the 300 LASSO models. One final model was then created by fitting these most
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predictive variables with Cox LASSO regression using a penalty term equal to the average of

the penalty terms from the 100 loops.

Results:

ROC:s at different time points are shown in Figure 5. Variables which appear at least
10% of times in the 300 models are shown in Figure 6.

The AUC for CV + gPCRGene expression are shown in Table 2.

Table 2. AUC with CV + qPCRGene expression

Year Clinical

1 0.6256837
2 0.6210832
3 0.6176151
4 0.6264475
5 0.6317473

Genes demonstrating differential expression that can be used to predict melanoma
relapse are shown in Figure 7. A positive coefficient value for genes analyzed by this
approach indicates that reduced gene expression is correlated with increased patient risk
while a negative coefficient value for genes indicates that increased gene expression is
correlated with increased patient risk.

Together these results demonstrate that an increased level of HIURP polypeptide, an
increased level of SERPINE2 polypeptide, a decreased level of CD200R1 polypeptide, and a
decreased level of ALDH?2 polypeptide in melanoma cells of a mammal having melanoma

can be used to identify that mammal as being likely to relapse.

Example 4: Polypeptide and mRNA Levels

Levels of a HIURP polypeptide (and mRNA encoding a HIURP polypeptide), a
NUF2 polypeptide (and mRNA encoding a NUF2 polypeptide), a PPP1ROA polypeptide
(and mRNA encoding a PPP1R9A polypeptide), a SRSF11 polypeptide (and mRNA
encoding a SRSF11 polypeptide), a NTSDC3 polypeptide (and mRNA encoding a NTSDC3
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polypeptide), a SERPINE2 polypeptide (and mRNA encoding a SERPINE2 polypeptide), a
PARMI1 polypeptide (and mRNA encoding a PARM1 polypeptide), an EMP2 polypeptide
(and mRNA encoding an EMP2 polypeptide), a PRKCB polypeptide (and mRNA encoding a
PRKCB polypeptide), a CD1E polypeptide (and mRNA encoding a CD1E polypeptide), an
ALDH?2 polypeptide (and mRNA encoding an ALDH?2 polypeptide), and a CD200R1
polypeptide (and mRNA encoding a CD200R1 polypeptide) in humans were determined.
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Polypeptide and mRNA levels are also shown in Figure 19.

Example 5: Treating PCM

A tissue sample containing one or more melanoma cells is obtained from a human
having PCM. The obtained sample is examined for the presence or absence of an altered
level of a HIURP polypeptide, a NUF2 polypeptide, a PPP1R9A polypeptide, a SRSF11
polypeptide, a NTSDC3 polypeptide, a SERPINE2 polypeptide, a PARM1 polypeptide, an
EMP2 polypeptide, a PRKCB polypeptide, a CD1E polypeptide, an ALDH?2 polypeptide, a
CD200R polypeptide.

If the presence of at least 4 of: an increased level of a HJURP polypeptide, an
increased level of a NUF2 polypeptide, an increased level of a PPP1R9A polypeptide, an
increased level of a SRSF11 polypeptide, an increased level of a NT5SDC3 polypeptide, a
decreased level of a PARMI polypeptide, a decreased level of an EMP2 polypeptide, a
decreased level of a PRKCB polypeptide, a decreased level of a CD1E polypeptide, a
decreased level of an ALDH2 polypeptide, and a decreased level of a CD200R polypeptide
are detected in the sample, then the PCM is identified as being likely to relapse (e.g., likely to
relapse following treatment), and the human is subjected to surgery to remove the PCM and
is administered one or more adjuvant therapies.

The surgery in combination with the one or more adjuvant therapies can reduce

number of cancer cells within the human while minimizing the risk of relapse.

Example 6: Treating PCM

A tissue sample containing one or more melanoma cells is obtained from a human
having PCM. The obtained sample is examined for the presence or absence of an altered
level of a HIURP polypeptide, a NUF2 polypeptide, a PPP1R9A polypeptide, a SRSF11
polypeptide, a NTSDC3 polypeptide, a SERPINE2 polypeptide, a PARM1 polypeptide, an
EMP2 polypeptide, a PRKCB polypeptide, a CD1E polypeptide, an ALDH?2 polypeptide, a
CD200R polypeptide.

If the absence of an increased level of a HJURP polypeptide, an increased level of a
NUEF2 polypeptide, an increased level of a PPP1R9A polypeptide, an increased level of a
SRSF11 polypeptide, an increased level of a NTSDC3 polypeptide, a decreased level of a
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PARMI polypeptide, a decreased level of an EMP2 polypeptide, a decreased level of a
PRKCB polypeptide, a decreased level of a CD1E polypeptide, a decreased level of an
ALDH?2 polypeptide, and a decreased level of a CD200R polypeptide is detected in the
sample, then the PCM is identified as not being likely to relapse (e.g., likely to relapse
following treatment), and the human is subjected to surgery to remove the PCM without any
adjuvant therapy.

The surgery can reduce number of cancer cells within the human while sparing the

human from unnecessary toxicities and/or expenses of adjuvant therapies.

Example 7: Treating PCM

A tissue sample containing one or more melanoma cells is obtained from a human
having PCM. The obtained sample is examined for the level of a nucleic acid (e.g., an
mRNA) encoding a HIURP polypeptide, the level of a nucleic acid (e.g., an mRNA)
encoding a NUF2 polypeptide, the level of a nucleic acid (e.g., an mRNA) encoding a
PPP1ROA polypeptide, the level of a nucleic acid (e.g., an mRNA) encoding a SRSF11
polypeptide, the level of a nucleic acid (e.g., an mRNA) encoding a NTSDC3 polypeptide,
the level of a nucleic acid (e.g., an mRNA) encoding a SERPINE2 polypeptide, the level of a
nucleic acid (e.g., an mRNA) encoding a PARM1 polypeptide, the level of a nucleic acid
(e.g., an mRNA) encoding an EMP2 polypeptide, the level of a nucleic acid (e.g., an mRNA)
encoding a PRKCB polypeptide, the level of a nucleic acid (e.g., an mRNA) encoding a
CDIE polypeptide, the level of a nucleic acid (e.g., an mRNA) encoding an ALDH2
polypeptide, and the level of a nucleic acid (e.g., an mRNA) encoding a CD200R
polypeptide.

If at least 4 of: the level of a nucleic acid (e.g., an mRNA) encoding a HJTURP
polypeptide is greater than 0.3 pg/melanoma cell, the level of a nucleic acid (e.g., an mRNA)
encoding a NUF2 polypeptide is greater than 0.19 pg/melanoma cell, the level of a nucleic
acid (e.g., an mRNA) encoding a PPP1R9A polypeptide is greater than 0.77 pg/melanoma
cell, the level of a nucleic acid (e.g., an mRNA) encoding a SRSF11 polypeptide is greater
than 1.71 pg/melanoma cell, the level of a nucleic acid (e.g., an mRNA) encoding a NTSDC3
polypeptide is greater than 3.28 pg/melanoma cell, the level of a nucleic acid (e.g., an

mRNA) encoding a SERPINE2 polypeptide is oreater than 4.48 pg/melanoma cell, the level
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of a nucleic acid (e.g., an mRNA) encoding a PARM1 polypeptide is less than 0.93
pg/melanoma cell, the level of a nucleic acid (e.g., an mRNA) encoding an EMP2
polypeptide is less than 0.6 pg/melanoma cell, the level of a nucleic acid (e.g., an mRNA)
encoding a PRKCB polypeptide is less than 1.05 pg/melanoma cell, the level of a nucleic
acid (e.g., an mRNA) encoding a CD1E polypeptide is less than 0.89 pg/melanoma cell, the
level of a nucleic acid (e.g., an mRNA) encoding an ALDH2 polypeptide is less than 2.87
pg/melanoma cell, and the level of a nucleic acid (e.g., an mRNA) encoding a CD200R
polypeptide is less than 0.36 pg/melanoma cell, then the PCM is identified as being likely to
relapse (e.g., likely to relapse following treatment), and the human is subjected to surgery to
remove the PCM and is administered one or more adjuvant therapies.

The surgery in combination with the one or more adjuvant therapies can reduce

number of cancer cells within the human while minimizing the risk of relapse.

Example 8: Treating PCM

A tissue sample containing one or more melanoma cells is obtained from a human
having PCM. The obtained sample is examined for the level of a nucleic acid (e.g., an
mRNA) encoding a HIURP polypeptide, the level of a nucleic acid (e.g., an mRNA)
encoding a NUF2 polypeptide, the level of a nucleic acid (e.g., an mRNA) encoding a
PPP1ROA polypeptide, the level of a nucleic acid (e.g., an mRNA) encoding a SRSF11
polypeptide, the level of a nucleic acid (e.g., an mRNA) encoding a NTSDC3 polypeptide,
the level of a nucleic acid (e.g., an mRNA) encoding a SERPINE2 polypeptide, the level of a
nucleic acid (e.g., an mRNA) encoding a PARM1 polypeptide, the level of a nucleic acid
(e.g., an mRNA) encoding an EMP2 polypeptide, the level of a nucleic acid (e.g., an mRNA)
encoding a PRKCB polypeptide, the level of a nucleic acid (e.g., an mRNA) encoding a
CDIE polypeptide, the level of a nucleic acid (e.g., an mRNA) encoding an ALDH2
polypeptide, and the level of a nucleic acid (e.g., an mRNA) encoding a CD200R
polypeptide.

If the level of a nucleic acid (e.g., an mRNA) encoding a HIURP polypeptide is from
about 0.17 pg/melanoma cell to about 0.3 pg/melanoma cell, the level of a nucleic acid (e.g.,
an mRNA) encoding a NUF2 polypeptide is from about 0.11 pg/melanoma cell to about 0.19
pg/melanoma cell, the level of a nucleic acid (e.2. an mRNA) encoding a PPP1IR9A
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polypeptide is from about 0.37 pg/melanoma cell to about 0.77 pg/melanoma cell, the level
of a nucleic acid (e.g., an mRNA) encoding a SRSF11 polypeptide is from about 0.79
pg/melanoma cell to about 1.71 pg/melanoma cell, the level of a nucleic acid (e.g., an
mRNA) encoding a NT5DC3 polypeptide is from about 1.5 pg/melanoma cell to about 3.28
pg/melanoma cell, the level of a nucleic acid (e.g., an mRNA) encoding a SERPINE2
polypeptide is from about 0.4 pg/melanoma cell to about 4.48 pg/melanoma cell, the level of
a nucleic acid (e.g., an mRNA) encoding a PARM1 polypeptide is from about 0.93
pg/melanoma cell to about 1.65 pg/melanoma cell, the level of a nucleic acid (e.g., an
mRNA) encoding an EMP2 polypeptide is from about 0.6 pg/melanoma cell to about 1.39
pg/melanoma cell, the level of a nucleic acid (e.g., an mRNA) encoding a PRKCB
polypeptide is from about 1.05 pg/melanoma cell to about 1.89 pg/melanoma cell, the level
of a nucleic acid (e.g., an mRNA) encoding a CD1E polypeptide is from about 0.89
pg/melanoma cell to about 1.17 pg/melanoma cell, the level of a nucleic acid (e.g., an
mRNA) encoding an ALDH2 polypeptide is from about 2.87 pg/melanoma cell to about 6.76
pg/melanoma cell, and the level of a nucleic acid (e.g., an mRNA) encoding a CD200R
polypeptide is from about 0.36 pg/melanoma cell to about 0.59 pg/melanoma cell, then the
PCM is identified as not being likely to relapse (e.g., likely to relapse following treatment),
and the human is subjected to surgery to remove the PCM without any adjuvant therapy.

The surgery can reduce number of cancer cells within the human while sparing the

human from unnecessary toxicities and/or expenses of adjuvant therapies.

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in conjunction with
the detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method for assessing a mammal having a primary cutaneous melanoma (PCM),
wherein said method comprises:

(a) determining if a sample from said mammal contains the presence or absence of
(1) an increased level of a holliday junction recognition protein (HJURP) polypeptide or
mRNA encoding said HIURP polypeptide, (2) an increased level of a NUF2 component of
NDCS8O0 kinetochore complex (NUF2) polypeptide or mRNA encoding said NUF2
polypeptide, (3) an increased level of a protein phosphatase 1 regulatory subunit 9A
(PPP1R9A) polypeptide or mRNA encoding said PPP1R9A polypeptide, (4) an increased
level of a serine/arginine-rich splicing factor 11 (SRSF11) polypeptide or mRNA encoding
said SRSF11 polypeptide, (5) an increased level of a 5'-nucleotidase domain-containing
protein 3 (NT5SDC3) polypeptide or mRNA encoding said NTSDC3 polypeptide, (6) an
increased level of a serpin family E member 2 (SERPINE2) polypeptide or mRNA encoding
said SERPINE2 polypeptide, (7) a decreased level of a prostate androgen-regulated mucin-
like protein 1 (PARM1) polypeptide or mRNA encoding said PARM1 polypeptide, (8) a
decreased level of an epithelial membrane protein 2 (EMP2) polypeptide or mRNA encoding
said EMP2 polypeptide, (9) a decreased level of a protein kinase C beta type (PRKCB)
polypeptide or mRNA encoding said PRKCB polypeptide, (10) a decreased level of a T-cell
surface glycoprotein CD1e (CD1E) polypeptide or mRNA encoding said CD1E polypeptide,
(11) a decreased level of an alcohol dehydrogenase 2 family member (ALDH?2) polypeptide
or mRNA encoding said ALDH2 polypeptide, or (12) a decreased level of a CD200 receptor
1 (CD200R1) polypeptide or mRNA encoding said CD200R1 polypeptide, wherein said
sample is a tissue sample comprising a melanoma cell;

(b) classifying said PCM as being likely to relapse if said presence of at least 4 of
(1)-(12) 1s determined; and

(c) classifying said PCM as not being likely to relapse if said absence of each of (1)-
(12) is determined.

2. The method of claim 1, wherein said mammal is a human.
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3. The method of any one of claims 1-2, wherein the presence or absence of said
increased level of said HJURP polypeptide or mRNA encoding said HIURP polypeptide is

determined.

4. The method of any one of claims 1-2, wherein the presence or absence of said
increased level of said NUF2 polypeptide or mRNA encoding said NUF2 polypeptide is

determined.

5. The method of any one of claims 1-2, wherein the presence or absence of said
increased level of said PPP1R9A polypeptide or mRNA encoding said PPP1R9A polypeptide

is determined.

6. The method of any one of claims 1-2, wherein the presence or absence of said
increased level of said SRSF11 polypeptide or mRNA encoding said SRSF11 polypeptide is

determined.

7. The method of any one of claims 1-2, wherein the presence or absence of said
increased level of said NTSDC3 polypeptide or mRNA encoding said NT5DC3 polypeptide

is determined.

8. The method of any one of claims 1-2, wherein the presence or absence of said
decreased level of said SERPINE2 polypeptide or mRNA encoding said SERPINE2
polypeptide is determined.

0. The method of any one of claims 1-2, wherein the presence or absence of said

decreased level of said PARMI1 polypeptide or mRNA encoding said PARM1 polypeptide is

determined.
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10.  The method of any one of claims 1-2, wherein the presence or absence of said
decreased level of said EMP2 polypeptide or mRNA encoding said EMP2 polypeptide is

determined.

11. The method of any one of claims 1-2, wherein the presence or absence of said
decreased level of said PRKCB polypeptide or mRNA encoding said PRKCB polypeptide is

determined.

12.  The method of any one of claims 1-2, wherein the presence or absence of said
decreased level of said CD1E polypeptide or mRNA encoding said CD1E polypeptide is

determined.

13.  The method of any one of claims 1-2, wherein the presence or absence of said
decreased level of said ALDH2 polypeptide or mRNA encoding said ALDH2 polypeptide is

determined.

14.  The method of any one of claims 1-2, wherein the presence or absence of said
decreased level of said CD200R1 polypeptide or mRNA encoding said CD200R 1
polypeptide is determined.

15. The method of any one of claims 1-2, wherein said method comprises determining a

Breslow depth of said PCM.

16. The method of claim 15, wherein said method comprises determining the presence of
said increased level of said HJURP polypeptide or mRNA encoding said HIJURP polypeptide,
said increased level of said NUF2 polypeptide or mRNA encoding said NUF2 polypeptide,
said increased level of said PPP1R9A polypeptide or mRNA encoding said PPP1R9A
polypeptide, said increased level of said SRSF11 polypeptide or mRNA encoding said
SRSF11 polypeptide, said increased level of said NTSDC3 polypeptide or mRNA encoding

said NT5DC3 polypeptide, said increased level of said SERPINE2 polypeptide or mRNA
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encoding said SERPINE2 polypeptide, said decreased level of said PARM1 polypeptide or
mRNA encoding said PARM1 polypeptide, said decreased level of said EMP2 polypeptide or
mRNA encoding said EMP2 polypeptide, said decreased level of said PRKCB polypeptide or
mRNA encoding said PRKCB polypeptide, and said decreased level of said CD1E
polypeptide or mRNA encoding said CDI1E polypeptide; and wherein said Breslow depth is

from about 0.8 mm to about 10 mm.

17. The method of claim 16, wherein said method comprises classifying said PCM as
being likely to relapse.
18. The method of claim 15, wherein said method comprises determining the absence of

said increased level of said HJURP polypeptide or mRNA encoding said HIJURP polypeptide,
said increased level of said NUF2 polypeptide or mRNA encoding said NUF2 polypeptide,
said increased level of said PPP1R9A polypeptide or mRNA encoding said PPP1R9A
polypeptide, said increased level of said SRSF11 polypeptide or mRNA encoding said
SRSF11 polypeptide, said increased level of said NTSDC3 polypeptide or mRNA encoding
said NT5DC3 polypeptide, said increased level of said SERPINE2 polypeptide or mRNA
encoding said SERPINE2 polypeptide, said decreased level of said PARM1 polypeptide or
mRNA encoding said PARM1 polypeptide, said decreased level of said EMP2 polypeptide or
mRNA encoding said EMP2 polypeptide, said decreased level of said PRKCB polypeptide or
mRNA encoding said PRKCB polypeptide, and said decreased level of said CD1E
polypeptide or mRNA encoding said CD1E polypeptide; and wherein said Breslow depth is

from about 0.1 mm to about 0.8 mm.

19. The method of claim 18, wherein said method comprises classifying said PCM as not
being likely to relapse.
20. A method for selecting a treatment for a mammal having a PCM, wherein said

method comprises:
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(a) determining that a sample from said mammal contains the presence of at least 4
of: (1) an increased level of a HJURP polypeptide or mRNA encoding said HJURP
polypeptide, (2) an increased level of a NUF2 polypeptide or mRNA encoding said NUF2
polypeptide, (3) an increased level of a PPP1R9A polypeptide or mRNA encoding said
PPP1RO9A polypeptide, (4) an increased level of a SRSF11 polypeptide or mRNA encoding
said SRSF11 polypeptide, (5) an increased level of a NTSDC3 polypeptide or mRNA
encoding said NT5DC3 polypeptide, (6) an increased level of a SERPINE?2 polypeptide or
mRNA encoding said SERPINE2 polypeptide, (7), a decreased level of a PARMI1
polypeptide or mRNA encoding said PARMI1 polypeptide, (8) a decreased level of an EMP2
polypeptide or mRNA encoding said EMP2 polypeptide, (9) a decreased level of a PRKCB
polypeptide or mRNA encoding said PRKCB polypeptide, (10) a decreased level of a CDIE
polypeptide or mRNA encoding said CD1E polypeptide, (11) a decreased level of an ALDH2
polypeptide or mRNA encoding said ALDH2 polypeptide, and (12) a decreased level of a
CD200R1 polypeptide or mRNA encoding said CD200R1 polypeptide, wherein said sample
is a tissue sample comprising a melanoma cell; and

(b) selecting said mammal for surgery to remove said PCM and to receive an adjuvant

therapy.

21.  The method of claim 20, said method further comprising determining that said PCM

has a Breslow depth of from about 0.8 mm to about 10 mm.

22. A method for selecting a treatment for a mammal having a PCM, wherein said
method comprises:

(a) determining that a sample from said mammal contains the absence of: (1) an
increased level of a HJURP polypeptide or mRNA encoding said HJURP polypeptide, (2) an
increased level of a NUF2 polypeptide or mRNA encoding said NUF2 polypeptide, (3) an
increased level of a PPP1R9A polypeptide or mRNA encoding said PPP1R9A polypeptide,
(4) an increased level of a SRSF11 polypeptide or mRNA encoding said SRSF11
polypeptide, (5) an increased level of a NTSDC3 polypeptide or mRNA encoding said
NTS5DC3 polypeptide, (6) an increased level of a SERPINE2 polypeptide or mRNA encoding
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said SERPINE2 polypeptide, (7), a decreased level of a PARM1 polypeptide or mRNA
encoding said PARM 1 polypeptide, (8) a decreased level of an EMP2 polypeptide or mRNA
encoding said EMP2 polypeptide, (9) a decreased level of a PRKCB polypeptide or mRNA
encoding said PRKCB polypeptide, (10) a decreased level of a CD1E polypeptide or mRNA
encoding said CD1E polypeptide, (11) a decreased level of an ALDH2 polypeptide or mRNA
encoding said ALDH2 polypeptide, and (12) a decreased level of a CD200R1 polypeptide or
mRNA encoding said CD200R1 polypeptide, wherein said sample is a tissue sample
comprising a melanoma cell; and

(b) selecting said mammal for surgery to remove said PCM in the absence of an

adjuvant therapy.

23.  The method of claim 22, said method further comprising determining that said PCM

has a Breslow depth of from about 0.1 mm to about 0.8 mm.

24. The method of any one of claims 20-23, wherein said mammal is a human.

25. The method of any one of claims 20-24, wherein said adjuvant therapy comprises

radiation therapy.

26. The method of any one of claims 20-24, wherein said adjuvant therapy comprises

administering an anti-cancer drug to said mammal.

27. The method of claim 26, wherein said anti-cancer drug is selected from the group
consisting of nivolumab, ipilimumab, pembrolizumab, talimogene laherparepvec,
vemurafenib, dabrafenib, encorafenib, trametinib, cobimetinib, binimetinib, atezolizumab,

avelumab, and durvalumab.
28. A method for treating a mammal having a PCM, wherein said method comprises:

(a) determining that a sample from said mammal contains the presence of at least 4

of: (1) an increased level of a HJURP polypeptide or mRNA encoding said HJURP
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polypeptide, (2) an increased level of a NUF2 polypeptide or mRNA encoding said NUF2
polypeptide, (3) an increased level of a PPP1R9A polypeptide or mRNA encoding said
PPP1RO9A polypeptide, (4) an increased level of a SRSF11 polypeptide or mRNA encoding
said SRSF11 polypeptide, (5) an increased level of a NTSDC3 polypeptide or mRNA
encoding said NT5DC3 polypeptide, (6) an increased level of a SERPINE?2 polypeptide or
mRNA encoding said SERPINE2 polypeptide, (7), a decreased level of a PARMI1
polypeptide or mRNA encoding said PARMI1 polypeptide, (8) a decreased level of an EMP2
polypeptide or mRNA encoding said EMP2 polypeptide, (9) a decreased level of a PRKCB
polypeptide or mRNA encoding said PRKCB polypeptide, (10) a decreased level of a CDIE
polypeptide or mRNA encoding said CD1E polypeptide, (11) a decreased level of an ALDH2
polypeptide or mRNA encoding said ALDH2 polypeptide, and (12) a decreased level of a
CD200R1 polypeptide or mRNA encoding said CD200R1 polypeptide, wherein said sample
is a tissue sample comprising a melanoma cell; and

(b) subjecting said mammal to a surgery to remove said PCM; and

(c) administering an adjuvant therapy to said mammal.

29. A method for treating a mammal having a PCM, wherein said method comprises
subjecting said mammal to a surgery to remove said PCM and administering an adjuvant
therapy to said mammal, wherein said mammal is identified as having at least 4 of: (1) an
increased level of a HJURP polypeptide or mRNA encoding said HJURP polypeptide, (2) an
increased level of a NUF2 polypeptide or mRNA encoding said NUF2 polypeptide, (3) an
increased level of a PPP1R9A polypeptide or mRNA encoding said PPP1R9A polypeptide,
(4) an increased level of a SRSF11 polypeptide or mRNA encoding said SRSF11
polypeptide, (5) an increased level of a NTSDC3 polypeptide or mRNA encoding said
NTSDC3 polypeptide, (6) an increased level of a SERPINE2 polypeptide or mRNA encoding
said SERPINE2 polypeptide, (7), a decreased level of a PARM1 polypeptide or mRNA
encoding said PARM 1 polypeptide, (8) a decreased level of an EMP2 polypeptide or mRNA
encoding said EMP2 polypeptide, (9) a decreased level of a PRKCB polypeptide or mRNA
encoding said PRKCB polypeptide, (10) a decreased level of a CD1E polypeptide or mRNA
encoding said CD1E polypeptide, (11) a decreased level of an ALDH2 polypeptide or mRNA
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encoding said ALDH2 polypeptide, and (12) a decreased level of a CD200R1 polypeptide or
mRNA encoding said CD200R1 polypeptide in a sample obtained from said mammal,

wherein said sample is a tissue sample comprising a melanoma cell.

30. The method of claim 28 or 29, said method further comprising determining that said
PCM has a Breslow depth of from about 0.8 mm to about 10 mm.

31 The method of any one of claims 28-30, wherein said mammal is a human.

32. The method of any one of claims 28-31, wherein said adjuvant therapy comprises

radiation therapy.

33. The method of any one of claims 28-31, wherein said adjuvant therapy comprises

administering an anti-cancer drug to said mammal.

34. The method of claim 33, wherein said anti-cancer drug is selected from the group
consisting of nivolumab, ipilimumab, pembrolizumab, talimogene laherparepvec,
vemurafenib, dabrafenib, encorafenib, trametinib, cobimetinib, binimetinib, atezolizumab,

avelumab, and durvalumab.

35. A method for treating a mammal having a PCM, wherein said method comprises:

(a) determining if a sample from said mammal contains the absence of (1) an
increased level of a HJURP polypeptide or mRNA encoding said HJURP polypeptide, (2) an
increased level of a NUF2 polypeptide or mRNA encoding said NUF2 polypeptide, (3) an
increased level of a PPP1R9A polypeptide or mRNA encoding said PPP1R9A polypeptide,
(4) an increased level of a SRSF11 polypeptide or mRNA encoding said SRSF11
polypeptide, (5) an increased level of a NTSDC3 polypeptide or mRNA encoding said
NTSDC3 polypeptide, (6) an increased level of a SERPINE2 polypeptide or mRNA encoding
said SERPINE2 polypeptide, (7), a decreased level of a PARM1 polypeptide or mRNA
encoding said PARM 1 polypeptide, (8) a decreased level of an EMP2 polypeptide or mRNA
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encoding said EMP2 polypeptide, (9) a decreased level of a PRKCB polypeptide or mRNA
encoding said PRKCB polypeptide, (10) a decreased level of a CD1E polypeptide or mRNA
encoding said CD1E polypeptide, (11) a decreased level of an ALDH2 polypeptide or mRNA
encoding said ALDH2 polypeptide, and (12) a decreased level of a CD200R1 polypeptide or
mRNA encoding said CD200R1 polypeptide, wherein said sample is a tissue sample
comprising a melanoma cell; and

(b) subjecting said mammal to a surgery to remove said PCM in the absence of an

adjuvant therapy.

36. A method for treating a mammal having a PCM, wherein said method comprises
subjecting said mammal to a surgery to remove said PCM in the absence of an adjuvant
therapy, wherein said mammal is identified as lacking: (1) an increased level of a HJTURP
polypeptide or mRNA encoding said HIURP polypeptide, (2) an increased level of a NUF2
polypeptide or mRNA encoding said NUF2 polypeptide, (3) an increased level of a PPP1R9A
polypeptide or mRNA encoding said PPP1R9A polypeptide, (4) an increased level of a
SRSF11 polypeptide or mRNA encoding said SRSF11 polypeptide, (5) an increased level of
a NT5DC3 polypeptide or mRNA encoding said NTSDC3 polypeptide, (6) an increased level
of a SERPINE2 polypeptide or mRNA encoding said SERPINE2 polypeptide, (7), a
decreased level of a PARM1 polypeptide or mRNA encoding said PARMI1 polypeptide, (8) a
decreased level of an EMP2 polypeptide or mRNA encoding said EMP2 polypeptide, (9) a
decreased level of a PRKCB polypeptide or mRNA encoding said PRKCB polypeptide, (10)
a decreased level of a CD1E polypeptide or mRNA encoding said CD1E polypeptide, (11) a
decreased level of an ALDH2 polypeptide or mRNA encoding said ALDH2 polypeptide, and
(12) a decreased level of a CD200R1 polypeptide or mRNA encoding said CD200R1
polypeptide in a sample obtained from said mammal, wherein said sample is a tissue sample

comprising a melanoma cell.

37. The method of claim 35 or 36, said method further comprising determining that said
PCM has a Breslow depth of from about 0.1 mm to about 0.8 mm.
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38. The method of any one of claims 35-37, wherein said mammal is a human.

39. The method of any one of claims 35-38, wherein said adjuvant therapy comprises

radiation therapy.

40. The method of any one of claims 35-38, wherein said adjuvant therapy comprises

administering an anti-cancer drug to said mammal.

41. The method of claim 40, wherein said anti-cancer drug is selected from the group
consisting of nivolumab, ipilimumab, pembrolizumab, talimogene laherparepvec,
vemurafenib, dabrafenib, encorafenib, trametinib, cobimetinib, binimetinib, atezolizumab,

avelumab, and durvalumab.

73



PCT/US2022/051517

118

WO 2023/107328

AIgeLISs JO ST0UsnIad 07 = «— SOUSH piguLa ATHBIY 2A0UINY .
wS = 5S6 = AUIQRIA OBINOTRS .

{saphuns $50200 WES0IENR JO GUIRA 199MOT) & Pur (saplurme s5010%
HOTESEIGYe IO anjes 190BED) (o6 ouad zod somuenind eympnores | LHOISSRIDNS Bl0RIS
Anprguiies ying sous i sousd asowey | i s8UBE uBIey

%
y N L Desy ZB0|
e (YEEROIANR §O FBAD] 0] i S3UOE sa0ULry
e )
\\ .
‘ Ao ssush
,,,,f wopmouus 2908 1o paseq sound Fupos-non Buowey | BUIROS-UBI0LY

Y }

sauel vy

¥ sOpgos bag g9 Ag pestodot seund 1y

W7y 2501 abriany
31 g 0 G-

Wa W sauel o wensd

H
H

; oL
DBBIIAR TGO SPUDY 7 18U 18 Ul 50U08 1]
UOINGARID Wd D 280 sual obeany

SUBSTITUTE SHEET (RULE 26)



TP

TP

TP

WO 2023/107328

2.
o

0.8
,

5

0.8

0.4

0.2

TP

B
&
&
§
3;

D0 02 64 06 08 10

R

Survival ROC Curve at = 1085

TP
04 0.6

e,

g

ks
s
§

a8 08

1 5

00 02 04

Survival ROC Curve gt = 182358

b

0.0

0.2 a.8

Fig. 2

PCT/US2022/051517

10

0.8

. ‘.-__,.“ e )

04 05

i
: <

3.0

-~ " ; f ~
- o
o

0.2

0.0

04 08 08 10

FP

0.2

Survival ROC Curve at t= 1480

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328 PCT/US2022/051517

319

HIURP ENSGOMO0I23485-
breslow~

SREFIT ENSGUOG061 16754
CRIE ENSGHHED0 38485
PRPIRGA ENSGOO00GISRS2IR.
NUFZ BENSGUO00G143228-
NTSDO3 ENSGHN0111696-
PRECB ENSGHWO0 I3
COCH BENSGO0Q0GID0473~
mitotic rate level

§  ABCBI_ENSGOODD00ESSE3-
EMP2 ENSGO00002 13853
WHES ENSGOOG06IR5222-
PARMI ENSGHEMOI69116-
CTHROT ENSGO000G1649324
FABP ENSGUOOGH263817-
BRESPI ENSGHENO123864-
B4OALTS ENSGHEWOTIEZT6-
ITHHE ENSGO000G102313.
HOPX ENSGHMO0TTI476-
RLBPI ENSGHEI0I4G322-
PIRYIZ ENSGOO00I8I631
CEFSS ENSGOOGOG1 381G

b

O 20 44 & 80

Parcentags (%)

Fig. 3

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328

4/19
Coef value | Variable
006355742 Breslow
0.0602211% ALDHZ
001908587 CDZ200R1
~DO4AH877 SERPINE2
-3 1708217 HIURP

Fig. 4

SUBSTITUTE SHEET (RULE 26)

PCT/US2022/051517



WO 2023/107328 PCT/US2022/051517

Survival ROC Curve at i= 3858 Survival ROO Curve at 1= 730

T
TF
.4

B0 02 04 08 08 1D T 04 08 08 10
£p R

Supvival ROC Curve gt = 1085

1.0

) = “\f"“ & - _,,-“,_,-“'

S - S ’
2 3

fon <&

0.2

0.0

02 04 08 0.8 10
£p

Ha

00 02 04 08 08 10
ep .
Fig. 5

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328 PCT/US2022/051517

6/19

HIURP-

SERPINEZ-

Breslow-

CRKN2A-

ALDHZ-

CERGOR Y-

MYLS-

Vear

Mitotie rate-

BT
RMMP3-

PRECB-

ey nfil bvmphoovies 18 2-

FOERIA-
ADARMIEZ

SPPE-

O 28 50 75
FPercentage (%)

Fig. 6

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328

719
Coef value | Variable
006355742 Breslow
0.0602211% ALDHZ
001908587 CDZ200R1
~DO4AH877 SERPINE2
-3 1708217 HIURP

Fig. 7

SUBSTITUTE SHEET (RULE 26)

PCT/US2022/051517



pg protein or rmiRNA

WO 2023/107328

400%
350%
300%
250%

200%

PCT/US2022/051517

8/19

HAURP

150%

0%

B0%-

(%

contral low  control high High risk low  high risk high
B wialprotein 1 folal mRNA

Fig. 8

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328 PCT/US2022/051517

89/19

NUFZ
350%
I e
L
Z REO S—_
o= \}RQ
&
s 200% o
S
e
& 150%
£
oy TOO% gy b e ]
&
S50% ——fa ol Pl e R e
Q% - o - ; :
conirol low  controd high high risk ko high risk high

& olal protein [ iotsl mRNA

Fig. 9

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328 PCT/US2022/051517

10/19

PPP1RBA
BUO%

S00%

400%

300%

200%

0g protain or mENA

100% -

3¢

sonfrol low  control high high risk low high risk high
B olal protein T folal mRNA

Fig. 10

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328 PCT/US2022/051517

11/19

SRS

B00%
450%
400%
3D0%
300%
250%
200%

pg protein or mRENA

S0%
0%

control fow  controd high high risk low high risk high
B olal protein [ toial mBNA

Fig. 11

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328 PCT/US2022/051517

NTEDCS
<X
i
&
=
B
S
R
H
T Tsontrol low sontrol high high risk fow high rigk high

8 olsl protein 1 tolal mRNA

Fig. 12

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328 PCT/US2022/051517

13/19

SERPINEZ

25000%

Z0000%

15000%

000

pg protein or mRNA

H

GOO0%

4

| |

oontrol low contral high high risk low  high risk high
B tolal protein [T total mRNA

2
~ ¥
o5

Fig. 13

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328 PCT/US2022/051517

14/19

PARM1

&L
=
&7
&
Sn
2

S o
Sn

2 denennnne
g

2’8 ST

0% ; T : S :
contral low  controt high High risk low  high risk high

B il protein [T tolal mRNA

Fig. 14

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328 PCT/US2022/051517

15/19

ERPZ

300%
< 250%
e
%’E 200%
e 150%
5
&
& HO0% —
g

5%

0%
- oonfrol low control high high risk low high risk high

B iaiprotein O intal mHENA

Fig. 15

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328 PCT/US2022/051517
PRECR

200%
180%
« 180%
T e
& 140%
£ 120%
= 100%
= Bl%
g
S 80%
m g
e 40%
20%
3%

control low  con

SUBSTITUTE SHEET (RULE 26)

trol high
B (olal protein

Fig. 16

high risk low high risk high

1 fotal mRNA



WO 2023/107328 PCT/US2022/051517

17/19

CME
140%

120%

100%

S

B0% -

40% -

pg protedn ar mRMNA

0% -

0% -

“nandrol low  contral high hégh risk fow high risk high
& wisl protein I total mENA

Fig. 17

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328 PCT/US2022/051517

18/19

ALDHMZ

250%
o 200%
=
&
S 1B0%
S
£
& ;
5 100%
&
= 0%

53
contral low  control high high risk low  high risk high

§ lotal protein 13 total mRNA

Fig. 18

SUBSTITUTE SHEET (RULE 26)



WO 2023/107328 PCT/US2022/051517

19/19

CRE00RY

Dy protein or mENA

- control low control high high risk imw high risk high
& lolal protaine [ total mRNA

Fig. 19

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2022/051517

A.

CLASSIFICATION OF SUBJECT MATTER

ADD. - GO1N 33/53 (2023.01)

!

IPC(8) - INV.- GO1N 33/574; A61P 17/00; A61P 35/00; C12Q 1/6886 (2023.01)

CPC - INV.-GO1N 33/5743; A61P 17/00; C12Q 1/6886; A61P 35/00 (2023.01)

ADD. - C12Q 2600/112; C12Q 2660/118; C12Q 2600/158; C12Q 2600/166 (2023.01)

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

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document .

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

Electronic database consulted during the international search (name of database and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

document

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

A US 2021/0301353 A1 (SKYLINEDX B.V. et al) 30 September 2021 (30.09.2021) entire 1-24, 28-30, 35-37
document

A ~—| EGGERTON, et al. "Identification of stage I/llA melanoma patients at high risk for disease 1-24, 28-30, 35-37
relapse using a clinicopathologic and gene expression model," European Journal of Cancer, 01
November 2021 (01.11.2021), Vol. 140, Pgs. 1-15. entire document

A US 2017/0107577 A1 (THE COUNCIL OF THE QUEENSLAND INSTITUTE OF MEDICAL 1-24, 28-30, 35-37
RESEARCH) 20 April 2017 (20.04.2017) entire document

A US 2008/0113360 A1 (RIKER et al) 15 May 2008 (15.05.2008) entire document 1-24, 28-30, 35-37

A US 2014/0271545 A1 (CASTLE BIOSCIENCES INC.) 18 September 2014 (18.09.2014) entire | 1-24, 28-30, 35-37

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

[:] See patent family annex.

*

wp»

“p»
wpg»

“p»

«Q»
wp»

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance :

document cited by the applicant in the international application

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

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

documentreferring to an oral disclosure, use, exhibition orother means
document published prior to the international filing date but later than
the priority date claimed

«p

oy

wym

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

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

document of particular relevance; the claimed invention cannot
be considered to involve an inyentive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international scarch

26 January 2023 N

Date of mailing of the international search report

'FEB 28 2023

Name and mailing address of the ISA/

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

Facsimile No. §71-273-8300

Authorized officer

Taina Matos

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (Jﬁly 2022)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2022/051517

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

I:l Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

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

W Claims Nos.: 25-27, 31-34, 38-41
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

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

1. D As all required additional search fees were timely paid by the applicant, this international search repon covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
' addmonal fees.

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

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

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the epplicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D‘ No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2022)



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

