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MATERIALS AND METHODS FOR DETECTING CANCER BASED ON
URINARY LEVELS OF RHAMM

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of U.S. Provisional Application Serial No.
62/296,832, filed February 18, 2016, which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

Ovarian cancer (OC) has the highest mortality among gynecological cancers. The
lack of early symptoms and the absence of a reliable screening test to detect OC results in
over 70% of women being diagnosed after the disease has spread beyond ovary. Late
diagnosis of OC drastically decreases 5-year survival rate from about 90% to less than 50%.
Therefore, the prognosis for OC is poor with approximately 12,000 deaths annually and 5-
year survival of less than 37%.

Currently, physical pelvic examination, ultrasound examination, and blood levels of
CA125 are used for detection of OC. However, none of these methods provides a consistent
detection. For example, while over 80% of women with OC have elevated blood levels of
CA125, blood levels of CA125 are only about 50% accurate in detecting early stage OC.
Therefore, poor prognosis associated with OC results from late detection and lack of

screening methods to detect OC.

BRIEF SUMMARY OF THE INVENTION

Minimal expression of Receptor for Hyaluronan-mediated motility (RHAMM) is
detected in normal tissues; however, RHAMM it is elevated in certain cancers. The invention
provides that RHAMM protein is elevated in urine samples from subjects having OC,
cervical cancer (CC), and colorectal cancer (CRC) when compared to urine samples from
healthy subjects.

Accordingly, one embodiment of the invention provides materials and methods for
identifying OC, CC, or CRC based on the level of RHAMM in a urine sample obtained from
a subject. Another embodiment of the invention also provides materials and methods for
identifying OC based on the level of RHAMM in a urine sample and the level of CA125 in a
blood sample obtained from a subject.

In a further embodiment, the invention provides methods for identifying OC, CC, or

CRC based on the level of RHAMM in a urine sample and/or the level of CA125 in a blood
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sample obtained from a subject and optionally, treating OC, CC, or CRC by administering a
therapy.
The invention further provides devices and reagents to quantify the combination of

RHAMM and CA125.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A-1B. RHAMM is overexpressed in OC cell protein lysate and conditioned
medium compared to normal OSE. Breast cancer cell line (MCF-7) is used as positive
control. p <0.05.

Figure 2. RHAMM levels are consistently higher in urine from OC subjects (n = 10)
compared to urine from normal subjects (n = 10).

Figures 3A-3B. Urinary RHAMM protein expression is significantly higher in OC.
Urine from healthy subjects (n = 29) or subjects having: benign gynecological disease (n =
30), OC (n = 126), cervical cancer (n = 21), colorectal cancer (n = 9), breast cancer (n = 20),
brain cancer (n = 20), head and neck cancer (n = 20), lung cancer (n = 20), sarcoma (n = 19),
endometrial cancer (n = 20), bladder cancer (n = 12), and prostate cancer (n = 14) was
analyzed for RHAMM levels. * indicates p <0.05.

Figures 4A-4B. Urinary RHAMM expression is similar regardless of stage or grade
in OC. Urine from healthy subjects (n = 29) or subjects having or subjects having OC at
stage 1 (n=11), stage 2 (n = 2), stage 3 (n = 45), stage 4 (n = 6), stage 5 (n = 11), low grade
(n=23) and high grade (n = 27) was analyzed for RHAMM levels.

Figure 5. Urinary RHAMM expression is not different in OC subjects of different
ages. Urine from OC subjects with the ages in range 20-29 (n = 2), 30-39 (n = 5), 40-49 (n =
9), 50-59 (n =27), 60-69 (n = 31), 70-79 (n = 20), 80-89 (n = 11) was analyzed for RHAMM
levels.

Figure 6. Urinary RHAMM expression is higher in obese (BMI > 30) OC subjects
compared to urine from overweight and normal weight OC subjects (BMI < 30). BMI > 30
(n=9), BMI 25-29.9 (n = 4); BMI 18.5-24.9 (n = 9). * indicates p < 0.05.

Figure 7. OC detection rate increases when urinary RHAMM levels are combined

with serum CA125 levels.

DETAILED DISCLOSURE OF THE INVENTION
RHAMM is an itinerant protein with dualistic function. Intracellularly, RHAMM is

involved in microtubule spindle assembly and contributes to cell cycle progression. On the
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extracellular surface, RHAMM is a receptor for Hyaluronan, and activates the ERK1/2 cell
signaling pathway that promotes migration, invasion, and cell proliferation. Although
minimal expression of RHAMM is detected in normal tissues, RHAMM is overexpressed in
breast and prostate cancers.

The invention provides that RHAMM levels are elevated in urine samples from
subjects having OC, CC, or CRC. Accordingly, the invention provides materials and
methods for identifying OC, CC, or CRC based on RHAMM levels in a urine sample from a
subject. The methods of the invention facilitate detection of OC, CC, or CRC in early stages
of the disease where the disease is confined to a tissue. Early detection of a cancer based on
the methods described herein facilitates efficient treatment of the cancer, for example, by
surgical removal of the diseased tissue. Early detection also reduces medical costs and
improves survival.

Another embodiment of the invention provides materials and methods for monitoring
the efficacy of a treatment of OC, CC, or CRC based on RHAMM levels in urine samples
obtained from a subject before and after the treatment. For example, reduction in the level of
RHAMM in a urine sample obtained from a subject that received a treatment can be used to
identify the treatment as successful; whereas, unchanged or increased level of RHAMM in a
urine sample obtained from a subject that received a treatment can be used to identify the
treatment as unsuccessful.

Accordingly, one embodiment of the invention provides a method for identifying OC,
CC, or CRC in a subject, the method comprising the steps of:

(a) determining the level of RHAMM in:

1) a test urine sample obtained from the subject, and
i1) optionally, a control sample;

(b) optionally, obtaining a reference value for the level of RHAMM; and

(c) identifying OC, CC, or CRC in the subject based on the level of RHAMM in the
test urine sample and optionally administering a therapy to the subject to treat OC, CC, or
CRC; or

(d) identifying an absence of OC, CC, or CRC in the subject based on the level of
RHAMM in the test urine sample and withholding the therapy to the subject to treat OC, CC,
or CRC.

Various techniques are known to a person of ordinary skill in the art to determine the
level of RHAMM protein in a sample. Non-limiting examples of such techniques include

Western blot analysis, mass spectrometry, ELISA, and radio-immune assay (RIA). Methods
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of performing these techniques are routine in the art. Additional methods of determining the
level of RHAMM protein in a sample are also known to a person of ordinary skill in the art
and such embodiments are within the purview of the invention.

To practice the methods described herein for identifying a subject as having OC, CC,
or CRC, a control sample can be obtained from one or more of the following:

a) an individual belonging to the same species as the subject and not having OC, CC,
or CRC,

b) an individual belonging to the same species as the subject and having OC, CC, or
CRC,

¢) the subject prior to having OC, CC, or CRC, or
d) a solution containing a known concentration of RHAMM, particularly, about 0 to
15 pg/ml, between about 60 pg/ml to about 80 pg/ml, or above 100 pg/ml.

Additional examples of control samples are well known to a person of ordinary skill
in the art and such embodiments are within the purview of the current invention.

The reference value for the level of RHAMM protein indicates the level of RHAMM
protein in a urine sample obtained from subjects that do not have OC, CC, or CRC or from
subjects that have OC, CC, or CRC. As such, the reference value corresponding to level of
RHAMM in a urine sample may indicate the absence or presence of OC, CC, or CRC. A
reference value associated with the absence of OC, CC, or CRC may be determined based on
samples obtained from subjects free from OC, CC, or CRC. A reference value associated
with the presence of OC, CC, or CRC may be obtained based on samples obtained from
subjects having OC, CC, or CRC.

In one embodiment, the reference value associated with the absence of OC is between
0 to 15 pg/ml of urine; whereas, the reference value associated with the presence of OC is
between about 100 pg/ml to about 120 pg/ml of urine. An embodiment of the invention
provides a method for determining the RHAMM level in a urine sample of a subject being
higher or lower than about 100 pg/ml of urine.

Accordingly, an embodiment of the invention provides determining the level of
RHAMM in the urine sample of the subject and determining the level of RHAMM in the
urine sample of the subject being above or below a predetermined threshold. In an
embodiment, the predetermined threshold of RHAMM is 100 pg/ml of urine.

In another embodiment, the reference value associated with the absence of CC or
CRC is between 0 to 15 pg/ml of urine; whereas, the reference value associated with the

presence of CC or CRC is between 60 pg/ml to about 80 pg/ml of urine. Accordingly, an
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embodiment of the invention provides a method for determining the RHAMM level in a urine
sample of a subject being between 60 pg/ml to 80 pg/ml of urine.

An embodiment of the invention provides a method for determining the RHAMM
level in a urine sample of a subject being between 60 pg/ml to 80 pg/ml of urine.

Accordingly, an embodiment of the invention provides a method for determining the
level of RHAMM in the urine sample of the subject and determining the level of RHAMM in
the urine sample of the subject being within a predetermined range. In an embodiment, the
predetermined range of RHAMM is 60 pg/ml to 80 pg/ml of urine.

The step of identifying a subject as having OC, CC, or CRC is based on the level of
RHAMM in a urine sample obtained from a subject. For example, if the level RHAMM in a
test urine sample is significant higher than the level RHAMM in a control sample or a
reference value that indicates the absence of OC, CC, or CRC, the subject is identified as
having OC, CC, or CRC. Similarly, if the level RHAMM in a test urine sample is not
significantly higher than the level RHAMM in a control sample or a reference value that
indicates the absence of OC, CC, or CRC, the subject is identified as not having OC, CC, or
CRC.

On the other hand, if the level of RHAMM in a test urine sample is not significantly
lower than the level of RHAMM in a control sample or a reference value that indicates the
presence of OC, CC, or CRC, the subject is identified as having OC, CC, or CRC; whereas, if
the level of RHAMM in a test urine sample is significantly lower than the level of RHAMM
in a control sample or a reference value that indicates the presence of OC, CC, or CRC, the
subject is identified as not having OC, CC, or CRC.

Once a subject is identified as having OC, CC, or CRC based on the methods
described herein, the step of treating OC, CC, or CRC includes one, two, three or more of

1) surgery,

i1) chemotherapy in combination with radiotherapy, for example, cisplatin, cisplatin
plus fluorouracil, or mitomycin in combination with radiotherapy;

ii1) chemotherapy without radiotherapy;

iv) radiation alone or in combination with surgery or chemotherapy; and

v) immunotherapy.

A further embodiment of the invention provides a method for monitoring the efticacy
of a treatment for OC, CC, or CRC. A method for monitoring the efficacy of a treatment for
OC, CC, or CRC comprises the steps of:

(a) determining the level of RHAMM in:
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1) a pre-treatment test urine sample obtained from the subject before the
treatment,

i1) a post-treatment test urine sample obtained from the subject after the
treatment, and

i1) optionally, a control sample;

(b) optionally, a reference value for the level of RHAMM before or after the
treatment; and

(c) identifying the treatment for OC, CC, or CRC as effective based on the levels of
RHAMM in the post-treatment test urine sample compared to the level of RHAMM in the
pre-treatment test urine sample and optionally continuing the treatment for OC, CC, or CRC,
or

(d) identifying the treatment for OC, CC, or CRC as ineffective based on the levels of
RHAMM in the post-treatment test urine sample compared to the level of RHAMM in the
pre-treatment test urine sample and optionally modifying the treatment for OC, CC, or CRC.

The techniques for determining the level or RHAMM, the control samples, and the
reference values discussed above in connection with the methods for identifying OC, CC, or
CRC in a subject are also applicable to the methods of monitoring the effect of a treatment
for OC, CC, or CRC described herein.

The step of identifying the treatment for OC, CC, or CRC as ineffective utilizes the
level of RHAMM in the post-treatment test urine sample and pre-treatment test urine sample.
An effective treatment for OC, CC, or CRC is indicated by a decrease in the level of
RHAMM in a post-treatment test urine sample compared to a pre-treatment test urine sample.
As such, an effective treatment for OC, CC, or CRC decreases the level RHAMM in the urine
of a subject having OC, CC, or CRC to the level that is found in the urine of a subject who
does not have OC, CC, or CRC. For example, the level of RHAMM in a post-treatment urine
sample of a subject significantly below 100 pg/ml indicates that the treatment for OC is
effective. Similarly, the level of RHAMM in a post-treatment urine sample of a subject
significantly below 60 pg/ml indicates that the treatment for CC or CRC is effective.

Conversely, an ineffective treatment for OC, CC, or CRC is indicated by no decrease
in the levels of RHAMM in a post-treatment test urine sample compared to the pre-treatment
test urine sample.

As such, the invention provides that RHAMM levels in urine manifests effective or

ineffective treatment of OC, CC, or CRC.
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Further embodiments of the invention provide diagnostic devices for assaying urinary
RHAMM level. The diagnostic devices and assays described herein can be used to diagnose
OC, CC, or CRC in a subject. In one embodiment, the diagnostic device is a point-of-care
diagnostic device or an enzyme-linked immunosorbent assay (ELISA) apparatus. ELISA
apparatus comprises a plate comprising wells having a coating of an antibody or an antigen
binding fragment of antibody against RHAMM, and optionally secondary antibodies and
other reagents for performing ELISA.

In certain embodiments, the diagnostic devices comprise a control that indicates the
highest level of RHAMM present in the urine of a subject that does not have OC, CC, or
CRC. In another embodiment, the diagnostic devices comprise a control that indicates the
lowest level of RHAMM present in the urine of a subject that has OC, CC, or CRC.
Accordingly, an embodiment of the invention provides a diagnostic device for OC that
comprises a control that indicates RHAMM in a urine sample at a concentration of about 90
pg/ml, which is the highest level of RHAMM in a urine of a subject that does not have OC.
Another embodiment of the invention provides a diagnostic device for OC that comprises a
control that indicates RHAMM in a urine sample at a concentration of about 120 pg/ml,
which is the lowest level of RHAMM that can be present in the urine of a subject having OC.
An example of a diagnostic device is a dipstick device having a control spot or area
indicating the recited concentrations of RHAMM in a urine sample.

Also, an embodiment of the invention provides a diagnostic device for CC or CRC
that comprises a control that indicates RHAMM in urine sample at a concentration of about
50 pg/ml, which is the highest level of RHAMM present in the urine of a subject that does
not have CC or CRC. Another embodiment of the invention provides a diagnostic device for
CC or CRC that comprises a control that indicates RHAMM in urine sample at a
concentration of about 60 pg/ml, which is the lowest level of RHAMM that can be present in
the urine of a subject that has CC or CRC. An example of a diagnostic device is a dipstick
device having a control spot or area indicating the recited concentrations of RHAMM in a
urine sample.

The invention also provides materials and methods for identifying OC in a subject
based on RHAMM level in a urine sample and CA125 level in a blood sample of a subject.
The blood sample used herein can be raw blood or blood processed to separate serum or
plasma. Accordingly, the term “blood sample” includes a sample of raw blood, serum, or

plasma.
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Another embodiment of the invention provides materials and methods for monitoring
the efficacy of a treatment of OC in a subject based on RHAMM levels in the urine samples
obtained from a subject before and after the treatment and CA125 levels in the blood samples
obtained from the subject before and after the treatment. For example, decrease in the level
of RHAMM in a urine sample of a subject and decrease in the level of CA125 in a blood
sample of the subject after receiving a treatment can be used to identify the treatment as
successful; whereas, no decrease in the level of RHAMM in a urine sample of a subject and
no decrease in the level of CA125 in a blood sample of the subject after receiving a treatment
can be used to identify the treatment as unsuccessful.

Accordingly, one embodiment of the invention provides a method for identifying OC
in a subject, the method comprising:

(a) determining the level of RHAMM in:

1) a test urine sample obtained from the subject, and
i1) optionally, a first control sample;

(b) determining the level of CA12S5 in:

1) a test blood sample obtained from the subject, and
i1) optionally, a second control sample;

(c) optionally, obtaining a first reference value corresponding to the level of RHAMM
and/or a second reference value corresponding to the level of CA125; and

(d) identifying OC in the subject based on the level of RHAMM in the test urine
sample and the level of CA125 in the test blood sample, and optionally administering a
therapy to the subject to treat OC, or

(e) identifying an absence of OC in the subject based on the level of RHAMM in the
test urine sample and the level of CA125 in the test blood sample, and withholding the
therapy to the subject to treat OC.

Various techniques for determining the level of RHAMM protein and various control
samples described above in connection with the methods of identifying OC, CC, or CRC in a
subject are also applicable to the methods of identifying OC and such embodiments are
within the purview of the invention.

The reference values for the levels of RHAMM or CA125 proteins indicate the level
of RHAMM protein in a urine sample or CA125 protein in a blood sample obtained from
subjects that do not have OC or from subjects that have OC. As such, the reference value for
the level of RHAMM in a urine sample or CA125 in a blood sample may indicate the absence

or presence of OC. A reference value indicating the absence of OC may be determined based
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on samples obtained from subjects known to be free of OC. A reference value indicating the
presence of OC may be determined based on samples obtained from subjects having OC.

In one embodiment, the reference value for the level of RHAMM indicating the
absence of OC is between 0 to 15 pg/ml of urine; whereas, the reference value indicating the
presence of OC is higher than about 100 pg/ml of urine. The reference value of CA125
indicating the absence of OC is between 0 to 15 U/ml of blood; whereas, the reference value
indicating the presence of OC is higher than about 65 U/ml of blood.

An embodiment of the invention provides a method for determining the RHAMM
level in a urine sample of a subject being higher than about 100 pg/ml and CA125 level in a
blood sample of the subject being higher than about 65 U/ml.

Accordingly, an embodiment of the invention provides a method for determining the
level of RHAMM in a urine sample of a subject and the level of CA125 in a blood sample of
the subject; and determining the level of RHAMM in the urine sample of the subject being
above or below a first predetermined threshold and determining the level of CA125 in the
blood sample of the subject being above or below a second predetermined threshold. In an
embodiment, the first predetermined threshold for RHAMM is 100 pg/ml of urine and the
second predetermined threshold for CA125 is 65 U/ml of blood.

The step of identifying a subject as having OC is based on the level of RHAMM in
the urine sample obtained from the subject and the level of CA125 in the blood sample
obtained from the subject. For example, if the level of RHAMM in the test urine sample and
the level of CA125 in the test blood sample are significant higher than the level RHAMM and
CAI125 in the control samples or the reference values that indicate the absence of OC, the
subject is identified as having OC. Similarly, if the level of RHAMM in the test urine sample
and the level of CA125 in the test blood sample are not significantly higher than the levels of
RHAMM and CA125 in the control samples or the reference values that indicate the absence
of OC, the subject is identified as not having OC.

On the other hand, if the level RHAMM in the test urine sample and the level of
CA125 in the test blood sample are not significantly lower than the levels RHAMM and
CA125 in the control samples or the reference values that indicate the presence of OC, the
subject is identified as having OC; whereas, if the level RHAMM in the test urine sample and
the level of CA125 in the test blood sample are significantly lower than the levels of
RHAMM and CA125 in the control samples or the reference values that indicate the presence
of OC, the subject is identified as not having OC.
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Once a subject is identified as having OC based on the methods described herein, the
step of treating OC includes one or more of:

1) surgery,

i1) chemotherapy in combination with radiotherapy, for example, cisplatin, cisplatin
plus fluorouracil, or mitomycin in combination with radiotherapy;

ii1) chemotherapy without radiotherapy;

iv) radiation alone or in combination with surgery or chemotherapy; and

v) immunotherapy.

A further embodiment of the invention provides a method for monitoring the efficacy
of a treatment for OC in a subject. A method for monitoring the efficacy of a treatment for
OC in a subject comprises the steps of:

(a) determining the level of RHAMM in:

1) a pre-treatment test urine sample obtained from the subject before the
treatment,

i1) a post-treatment test urine sample obtained from the subject after the
treatment, and

ii1) optionally, a first control sample;

(b) determining the level of CA12S5 in:

1) a pre-treatment test blood sample obtained from the subject before the
treatment,

i1) a post-treatment test blood sample obtained from the subject after the
treatment, and

ii1) optionally, a second control sample;

(c) optionally, obtaining a first reference value corresponding to level of RHAMM
before or after the treatment and a second reference value corresponding to the level of
CA125 before or after the treatment; and

(d) identifying the treatment for OC as effective based on the level of RHAMM in the
post-treatment test urine sample compared to the level of RHAMM in the pre-treatment test
urine sample and the level of CA125 in the post-treatment test blood sample compared to the
level of CA125 in the pre-treatment test blood sample and optionally, continuing the
treatment for OC to the subject, or

(e) identifying the treatment for OC as ineffective based on the level of RHAMM in
the post-treatment test urine sample compared to the level of RHAMM in the pre-treatment

test urine sample and the level of CA125 in the post-treatment test blood sample compared to
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the level of CA125 in the pre-treatment test blood sample and optionally, modifying the
treatment for OC.

The techniques for determining the level or RHAMM and CA125, the control
samples, and the reference values discussed above in connection with the methods for
identifying OC in a subject are also applicable to the methods of monitoring the efficacy of a
treatment for OC.

The step of identifying the treatment for OC as effective or ineffective is based on the
level of RHAMM in the post-treatment test urine sample and pre-treatment test urine sample
and the level of CA125 in the post-treatment test blood sample and pre-treatment test blood
sample. An effective treatment for OC is indicated by a decrease in the level of RHAMM in
a post-treatment test urine sample when compared to a pre-treatment test urine sample and a
decrease in the level of CA125 in a post-treatment test blood sample when compared to a pre-
treatment test blood sample. As such, an effective treatment for OC decreases the level
RHAMM in the urine of a subject having OC to the level that is found in a subject who does
not have OC and also decreases the level of CA125 in the blood of a subject having OC to the
level that is found in a subject who does not have OC. For example, the level of RHAMM in
a post-treatment urine sample of a subject significantly below 100 pg/ml and the level of
CA125 in a post-treatment blood sample of the subject significantly below 65 U/ml indicate
that the treatment for OC is effective.

Conversely, an ineffective treatment is indicated by no decrease in the level of
RHAMM in a post-treatment test urine sample when compared to the pre-treatment test urine
sample and no decrease in the level of CA125 in a post-treatment test blood sample when
compared to the pre-treatment test blood sample.

As such, the invention provides that RHAMM levels in urine and CA125 level in
blood manifests effective or ineffective treatment of OC.

A further embodiment of the invention provides an assay for determining the level
RHAMM in a urine sample obtained from a subject and the level of CA125 in a blood sample
obtained from the subject.

Further embodiments of the invention provide diagnostic devices for assaying urinary
RHAMM level and blood CA125 level. The diagnostic devices and assays described herein
can be used to diagnose OC in a subject. In one embodiment, the diagnostic device is an
ELISA apparatus or a point-of-care diagnostic device.

ELISA apparatus comprises a plate comprising wells having a coating of an antibody

or an antigen binding fragment of antibody against RHAMM and an antibody or an antigen
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binding fragment of antibody against CA125, and optionally, secondary antibodies against
the antibodies against RHAMM and CA125 and other reagents for performing ELISA.

In one embodiment, the ELISA apparatus comprises an ELISA plate comprising a
well having a coating of an antibody or an antigen binding fragment of antibody against
RHAMM and an antibody or an antigen binding fragment of antibody against CA125. The
ELISA apparatus can further comprise a secondary antibody against the antibody or the
antigen binding fragment of antibody against RHAMM that is conjugated to a first detectable
label and a secondary antibody against the antibody or the antigen binding fragment of
antibody against CA125 that is conjugated to a second detectable label. Non-limiting
examples of detectable labels include an enzymatic label, fluorescent label, radiolabel, or
chemiluminescent label. The signal produced by the first and the second label are
distinguishable from each other and depending upon the signal of the first and the second
label, the levels of RHAMM and CA125 can be determined in a single well.

In one embodiment, the ELISA apparatus comprises an ELISA plate comprising a
first well having a coating of an antibody or an antigen binding fragment of antibody against
RHAMM and a second well having a coating of an antibody or an antigen binding fragment
of antibody against CA125. The ELISA apparatus can further comprise a secondary antibody
against the antibody or the antigen binding fragment of antibody against RHAMM and a
secondary antibody against the antibody or the antigen binding fragment of antibody against
CA125. In one embodiment, same secondary antibody is used against the antibody or antigen
binding fragment against RHAMM and the antibody or antigen binding fragment against
CA125. The secondary antibody can be conjugated with a detectable label. Non-limiting
examples of detectable labels include an enzymatic label, fluorescent label, radiolabel, or
chemiluminescent label.

Certain embodiments of the invention provide a point of care diagnostic devices for
OC. In one embodiment, the diagnostic device comprises a first sample receiver for a urine
sample and a second sample receiver for a blood sample.

In one embodiment, the diagnostic device comprises a first control that indicates the
highest urinary level of RHAMM present in a subject that does not have OC and a second
control that indicates the highest blood level of CA125 present in a subject that does not have
OC. In another embodiment, the diagnostic device comprises a first control that indicates the
lowest urinary level of RHAMM present in a subject that has OC and a second control that
indicates the lowest blood level of CA125 present in a subject that has OC.
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Accordingly, an embodiment of the invention provides a diagnostic device for OC
that comprises a first control that indicates RHAMM in urine of a subject at a concentration
of about 90 pg/ml, which is the highest level of RHAMM in urine of a subject that does not
have OC and a second control that indicates CA125 in blood of a subject at a concentration of
about 15 U/ml, which is the highest level of CA125 in blood of a subject that does not have
OC. Another embodiment of the invention provides a diagnostic device for OC that
comprises a first control that indicates RHAMM in the urine of a subject at a concentration of
about 120 pg/ml, which is the lowest level of RHAMM in the urine of a subject that has OC
and a second control that indicates CA125 in blood of a subject at a concentration of about 65
U/ml, which is the lowest level of CA125 in the blood of a subject that has OC.

In another embodiment, the diagnostic device is a kit containing reagents for assaying
urinary RHAMM level and blood CA125 level. In one embodiment, the kit comprises an
antibody or the antigen binding fragment of antibody against RHAMM and an antibody or
the antigen binding fragment of antibody against CA125. The kit can also comprise one or
more secondary antibodies against the antibodies against RHAMM and CA125. The kits can
further comprise a control sample for RHAMM and a control sample for CA125.

In one embodiment, a control sample for RHAMM contains RHAMM at a
concentration of about 90 pg/ml, which is the highest level of RHAMM in the urine of a
subject that does not have OC. In another embodiment, a control sample for RHAMM
contains RHAMM at a concentration of about 120 pg/ml, which is the lowest level of
RHAMM in the urine of a subject that has OC. In a further embodiment, a control sample for
CA125 contains CA125 at a concentration of about 15 U/ml, which is the highest level of
CA125 in the blood of a subject that does not have OC. In an even further embodiment, a
control for CA125 contains CA125 at a concentration of about 65 U/ml, which is the lowest
level of CA125 in the blood of a subject that has OC.

The kits of the invention can further comprise reagents for treating the samples, for
example, for removal of impurities and other constituents that are not assayed.

As such, the invention provides the following embodiments:

Embodiment 1. A method of identifying ovarian cancer (OC), cervical cancer
(CC), or colorectal cancer (CRC) in a subject, the method comprising the steps of

(a) determining the level of RHAMM in:

1) a test urine sample obtained from the subject, and
i1) optionally, a control sample;

(b) optionally, obtaining a reference value for the level of RHAMM; and
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(c) identifying OC, CC, or CRC in the subject based on the level of RHAMM in the
test urine sample and optionally, administering a therapy to the subject to treat OC, CC, or
CRC, or

(d) identifying an absence of OC, CC, or CRC in the subject based on the level of
RHAMM in the test urine sample and withholding the therapy to the subject to treat OC, CC,
or CRC.

Embodiment 2. The method of embodiment 1, wherein the reference value for
the level of RHAMM:
1) indicates the absence of OC, CC, or CRC and is between 0 to 15 pg/ml of
urine,
i) indicates the presence of OC is between about 100 pg/ml to about 120
pg/ml of urine,
ii1) indicates the presence of CC or CRC and is between 60 pg/ml to about 100

pg/ml of urine.

Embodiment 3. The method of embodiment 1, the method further comprising
administering a treatment to a subject identified as having OC, CC, or CRC; the treatment
comprising one or more of

1) a surgery,

i1) a chemotherapy in combination with a radiotherapy,

ii1) the chemotherapy without the radiotherapy,

iv) the radiotherapy alone or in combination with the surgery or chemotherapy, and

v) an immunotherapy.

Embodiment 4. A method for monitoring the effect of a treatment for OC, CC,
or CRC in a subject, the method comprising the steps of:
(a) determining the level of RHAMM in:
1) a pre-treatment test urine sample obtained from the subject before the
treatment,
i1) a post-treatment test urine sample obtained from the subject after the
treatment, and

ii1) optionally, a control sample;
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(b) optionally, a reference value for the level of RHAMM before or after the
treatment; and

(c) identifying the treatment for OC, CC, or CRC as effective based on the level of
RHAMM in the post-treatment test urine sample compared to the level of RHAMM in the
pre-treatment test urine sample and optionally, continuing the treatment for OC, CC, or CRC,
or

(d) identifying the treatment for OC, CC, or CRC as ineffective based on the level of
RHAMM in the post-treatment test urine sample compared to the level of RHAMM in the
pre-treatment test urine sample and optionally, modifying the treatment for OC, CC, or CRC.

Embodiment 5. The method of embodiment 4, wherein the reference value for
the level of RHAMM after the treatment:
1) indicates the treatment as effective and is between 0 to 15 pg/ml of urine,
i) indicates the treatment as ineffective for OC and is between about 100
pg/ml to about 120 pg/ml of urine,
ii1) indicates the treatment as ineffective for CC or CRC and is between 60

pg/ml to about 100 pg/ml of urine.

Embodiment 6. A method for identifying OC in a subject, the method
comprising:
(a) determining the level of RHAMM in:
1) a test urine sample obtained from the subject, and
i1) optionally, a first control sample;
(b) determining the level of CA12S5 in:
1) a test blood sample obtained from the subject, and
i1) optionally, a second control sample;
(c) optionally, obtaining a first reference value corresponding to the level of RHAMM
and/or a second reference value corresponding to the level of CA125; and
(d) identifying OC in the subject based on the level of RHAMM in the test urine
sample and the level of CA125 in the test blood sample, and optionally, administering a
therapy to the subject to treat OC, or
(e) identifying an absence of OC in the subject based on the level of RHAMM in the
test urine sample and the level of CA125 in the test blood sample, and withholding the
therapy to the subject to treat OC.
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Embodiment 7. The method of embodiment 6,
wherein the reference value for the level of RHAMM:
1) indicates the absence of OC and is between O to 15 pg/ml of urine,
i1) indicates the presence of OC and is between about 100 pg/ml to about 120
pg/ml of urine;
and wherein the reference value for the level of CA125:
1) indicates the absence of OC and is between 0 to 15 U/ml of blood,
i1) indicates the presence of OC and is about 65 U/ml of blood.

Embodiment 8. The method of embodiment 6, the method further comprising
administering a treatment to a subject identified as having OC; the treatment comprising one
or more of’

1) a surgery,

i1) a chemotherapy in combination with a radiotherapy,

ii1) the chemotherapy without the radiotherapy,

iv) the radiotherapy alone or in combination with the surgery or chemotherapy, and

v) an immunotherapy.

Embodiment 9. A method for monitoring the effect of a treatment for OC in a
subject, the method comprising the steps of:

(a) determining the level of RHAMM in:

1) a pre-treatment test urine sample obtained from the subject before the
treatment,

i1) a post-treatment test urine sample obtained from the subject after the
treatment, and

ii1) optionally, a first control sample;
(b) determining the level of CA12S5 in:

1) a pre-treatment test blood sample obtained from the subject before the
treatment,

i1) a post-treatment test blood sample obtained from the subject after the
treatment, and

ii1) optionally, a second control sample;
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(c) optionally, obtaining a first reference value corresponding to level of RHAMM
before or after the treatment and/or a second reference value corresponding to the level of
CA125 before or after the treatment; and

(d) identifying the treatment for OC as effective based on the level of RHAMM in the
post-treatment test urine sample compared to the level of RHAMM in the pre-treatment test
urine sample and the level of CA125 in the post-treatment test blood sample compared to the
level of CA125 in the pre-treatment test blood sample and optionally, continuing the
treatment for OC to the subject, or

(e) identifying the treatment for OC as ineffective based on the level of RHAMM in
the post-treatment test urine sample compared to the level of RHAMM in the pre-treatment
test urine sample and the level of CA125 in the post-treatment test blood sample compared to
the level of CA125 in the pre-treatment test blood sample and optionally, modifying the
treatment for OC.

Embodiment 10. The method of embodiment 9, wherein:
1) the reference value for the level of RHAMM after the treatment:
a) indicates the treatment as effective and is between 0 to 15 pg/ml of urine,
b) indicates the treatment as ineffective and is between about 100 pg/ml to
about 120 pg/ml of urine; and
i1) the reference value for the level of CA125 after the treatment:
a) indicates the treatment as effective and is between 0 to 15 U/ml of blood,

b) indicates the treatment as ineffective and is about 65 U/ml of blood.

Embodiment 11. A device for assaying urinary RHAMM level and blood CA125
level, the device comprising:
1) an ELISA plate comprising:

a) a well having a coating of: an antibody or an antigen binding fragment of
antibody against RHAMM and an antibody or an antigen binding fragment of
antibody against CA125,

b) a secondary antibody against the antibody or the antigen binding fragment
of antibody against RHAMM conjugated to a first detectable label and a secondary
antibody against the antibody or the antigen binding fragment of antibody against
CA125 conjugated to a second detectable label; or
i1) an ELISA plate comprising:



10

15

20

25

30

WO 2017/143322 18 PCT/US2017/018596

a) a first well having a coating of an antibody or an antigen binding fragment
of antibody against RHAMM and a second well having a coating of an antibody or an
antigen binding fragment of antibody against CA125, and

b) a secondary antibody against the antibody or the antigen binding fragment
of antibody against RHAMM and a secondary antibody against the antibody or the
antigen binding fragment of antibody against CA125.

Embodiment 12. A diagnostic device comprising:

1) a first sample receiver for a urine sample and a second sample receiver for a
blood sample, and

i1) a first control for the level of RHAMM and a second control for the level of
CA125.

Embodiment 13. The diagnostic device of embodiment 12, wherein:

1) the first control indicates the highest urinary level of RHAMM present in a
subject that does not have OC and the second control indicates the highest blood level
of CA125 present in a subject that does not have OC; or

i1) the first control indicates the lowest urinary level of RHAMM present in a
subject that has OC and the second control indicates the lowest blood level of CA125

present in a subject that has OC.

Embodiment 14. The diagnostic device of embodiment 12, wherein:

1) the first control for RHAMM contains RHAMM at a concentration of about 90
pg/ml of urine and the second control for CA125 contains CA125 at a concentration of about
15 U/ml of blood; or

i1) the first control for RHAMM contains RHAMM at a concentration of about 120
pg/ml of urine and the second control for CA125 contains CA125 at a concentration of about

65 U/ml of blood.

Embodiment 15. A method for determining the level of RHAMM in a urine
sample of a subject being above or below a predetermined threshold, the method comprising
the steps of determining the level of RHAMM in the urine sample of the subject and
determining the level of RHAMM in the urine sample of the subject being above or below the
predetermined threshold.
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Embodiment 16. The method of embodiment 15, wherein the predetermined
threshold of RHAMM is:
1) between 0 to 15 pg/ml of urine,
i1) between 60 pg/ml to about 100 pg/ml of urine, or
ii1) 100 pg/ml of urine.

Embodiment 17. A method for determining the level of RHAMM in a urine
sample of a subject being above or below a first predetermined threshold and determining the
level of CA125 in a blood sample of a subject being above or below a second predetermined
threshold, the method comprising the steps of determining the level of RHAMM in the urine
sample of the subject and the level of CA125 in blood sample of a subject; and determining
the level of RHAMM in the urine sample of the subject being above or below the first
predetermined threshold and determining the level of CA125 in the blood sample of the

subject being above or below the second predetermined threshold.

Embodiment 18. The method of embodiment 17, wherein:
1) the first predetermined threshold for RHAMM is:

a) between 0 to 15 pg/ml of urine, or

b) 100 pg/ml of urine; and
i1) the second predetermined threshold for CA125 is:

a) between 0 to 15 U/ml of blood, or

b) 65 U/ml of blood.

[ (13

As used herein, the singular forms “a”, “an” and “the” are intended to include the

plural forms as well, unless the context clearly indicates otherwise. Further, to the extent that

29 (13
2

the terms “including”, “includes”, “having”, “has”, “with”, or variants thereof are used in

2 2

either the detailed description and/or the claims, such terms are intended to be inclusive in a

manner similar to the term “comprising”. The transitional terms/phrases (and any

29 (13
2

29 (13
2

grammatical variations thereof) “comprising”, “comprises”, “comprise”, include the phrases
“consisting essentially of”, “consists essentially of”, “consisting”, and “consists”.

The phrases “consisting essentially of” or “consists essentially of” indicate that the
claim encompasses embodiments containing the specified materials or steps and those that do

not materially affect the basic and novel characteristic(s) of the claim.



10

15

20

25

30

WO 2017/143322 20 PCT/US2017/018596

The term “about” means within an acceptable error range for the particular value as
determined by one of ordinary skill in the art, which will depend in part on how the value is
measured or determined, i.e., the limitations of the measurement system. For example,
“about” can mean within 1 or more than 1 standard deviation, per the practice in the art.
Alternatively, “about” can mean a range of up to 0-20%, 0 to 10%, 0 to 5%, or up to 1% of a
given value. Alternatively, particularly with respect to biological systems or processes, the
term can mean within an order of magnitude, preferably within 5-fold, and more preferably
within 2-fold, of a value. Where particular values are described in the application and claims,
unless otherwise stated the term “about” meaning within an acceptable error range for the
particular value should be assumed. In the context of concentration of biomarkers where the
terms “about” is used, the stated amount of the biomarker can be within a variation (error
range) of 0-10% around the value (X+10%).

In the present disclosure, ranges are stated in shorthand, so as to avoid having to set
out at length and describe each and every value within the range. Any appropriate value
within the range can be selected, where appropriate, as the upper value, lower value, or the
terminus of the range. For example, a range of 0.1-1.0 represents the terminal values of 0.1
and 1.0, as well as the intermediate values of 02, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and all
intermediate ranges encompassed within 0.1-1 0, such as 0.2-0.5, 0.2-0.8, 0.7-1.0, eic.

When ranges are used herein, combinations and subcombinations of ranges (e.g.,
subranges within the disclosed range), specific embodiments therein are intended to be
explicitly included.

“Treatment” or “treating” (and grammatical variants of these terms), as used herein,
are used interchangeably. These terms refer to an approach for obtaining beneficial or desired
results including but not limited to therapeutic benefit. A therapeutic benefit is achieved with
the eradication or amelioration of one or more of the physiological symptoms associated with
BC such that an improvement is observed in the subject, notwithstanding that the subject may
still be aftlicted with BC.

“Subject” refers to an animal, such as a mammal, for example a human. The methods
described herein can be useful in both humans and non-human animals. In some
embodiments, the subject is a mammal (such as an animal model of disease), and in some

embodiments, the subject is human.
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All patents, patent applications, provisional applications, and publications referred to
or cited herein are incorporated by reference in their entirety, including all figures and tables,

to the extent they are not inconsistent with the explicit teachings of this specification.

Materials and Methods

Subject Cohort

Urine samples from male and female healthy controls (n = 29), subjects with benign
gynecological disease (n = 30), subjects with ovarian cancer (n = 126), lung cancer (n = 20),
breast cancer (n = 20), brain cancer (n = 20), head and neck cancer (n = 19), prostate cancer
(n = 22), cervical cancer (n = 21), colorectal cancer (n = 9), melanoma (n = 20), endometrial

cancer (n = 20) as well as sarcoma (n = 19) were analyzed by ELISA.

Western Blot Analysis on Urine Samples

Normal and OC urine samples were centrifuged at 16,000 rpm using 30,000 Kda
microfilter to concentrate the urine specimens. Concentrated urine samples were
electrophoresed via 10% SDS-PAGE acrylamide gel and transferred to nitrocellulose
membrane. Membranes were blocked for 1 hour at room temperature using 5% milk in Tris-
buffer saline with tween. Membranes were then incubated overnight at 4°C in monoclonal
rabbit anti-CD168 RHAMM antibody (ABCAM) and then incubated for 1 hour at room
temperature in goat anti-rabbit HRP conjugated antibody and GAPDH was used as a loading
control. (Thermo Fisher scientific) Bands were detected using SuperSignal West Femto
Substrate (Thermo Fisher Scientific), densitometric analysis was performed using image

studio lite software program and normalized to GAPDH.

Human HMMR/CD168/ RHAMM Sandwich ELISA

Protocol was performed according to manufacturer’s recommendations for urine
sample specimens. (LifeSpan BioSciences, Inc.) All samples were thawed to room
temperature as per instructions. Results are expressed as the average of duplicate samples +/-

standard error. Statistical analysis of data was subjected to descriptive and students T test.

It should be understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be

suggested to persons skilled in the art and are to be included within the spirit and purview of
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this application and the scope of the appended claims. In addition, any elements or
limitations of any invention or embodiment thereof disclosed herein can be combined with
any and/or all other elements or limitations (individually or in any combination) or any other
invention or embodiment thereof disclosed herein, and all such combinations are

contemplated with the scope of the invention without limitation thereto.

EXAMPLE 1 - ELEVATED RHAMM IN URINE OF SUBJECTS HAVING OC

Urine was collected from normal healthy volunteers (n = 29) and from subjects with
OC (n = 126), subjects having other cancers (n = 175), and subjects with benign gynecologic
disease (n = 30). Urinary RHAMM levels were measured by ELISA using a commercially
available RHAMM ELISA assay (catalog # LS-F11646, LifeSpan BioSciences, Inc., Seattle,
WA) and the results were expressed as the average pg/ml RHAMM from triplicate samples +
SE.

The average amount of RHAMM in the urine samples from ovarian cancer subjects
was 116 pg/ml, which was almost 20 times higher than the amount of RHAMM in the urine
samples from healthy controls, which was about 6 pg/ml. Also, the average amount of
RHAMM in the urine samples from ovarian cancer subjects was almost 10 times higher
compared to urinary RHAMM levels from women with benign gynecologic disease, which
was about 10 pg/ml.

Elevated urinary RHAMM levels were associated with 90% of ovarian cancers tested
(26/29). On the other hand, serum levels of CA125 higher than 65 U/ml only identified 65%
of ovarian cancer subjects. As such, the specificity and sensitivity of CA125 as a biomarker
for OC are lower than the specificity and sensitivity of urinary RHAMM as a biomarker for
OC. Further, combining subjects as either RHAMM+ or CA125+ increased detection of
ovarian cancer to 96% (28/29).

Comparison of clinical parameters indicated that urinary levels of RHAMM did not
distinguish between ovarian tumor stage and grade or subject age. However, urinary levels of
RHAMM were related to increased subject BMI. Lastly, urinary RHAMM levels were also
found to be elevated in the urine of subjects with cervical and colorectal cancer, though
average urinary RHAMM levels were somewhat less than that found in OC subjects at 71 and
81 pg/ml, respectively.

Therefore, quantification of urinary RHAMM by ELISA-based assays appears to
provide a safe, sensitive, specific and economical method to detect ovarian cancer, to monitor

ovarian cancer throughout the course of disease and to predict therapeutic and prognostic
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outcome. Elevated urinary RHAMM levels may also be predictive of cervical and colorectal

cancer.
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CLAIMS

We claim:

1. A method of identifying ovarian cancer (OC), cervical cancer (CC), or
colorectal cancer (CRC) in a subject, the method comprising the steps of:
(a) determining the level of RHAMM in:
1) a test urine sample obtained from the subject, and
i1) optionally, a control sample;
(b) optionally, obtaining a reference value for the level of RHAMM; and
(c) identifying OC, CC, or CRC in the subject based on the level of RHAMM in the
test urine sample and optionally administering a therapy to the subject to treat OC, CC, or
CRC; or
(d) identifying an absence of OC, CC, or CRC in the subject based on the level of
RHAMM in the test urine sample and withholding the therapy to the subject to treat OC, CC,
or CRC.

2. The method of claim 1, wherein the reference value for the level of RHAMM:

1) indicates the absence of OC, CC, or CRC and is between 0 to 15 pg/ml of
urine,

i) indicates the presence of OC is between about 100 pg/ml to about 120
pg/ml of urine,

ii1) indicates the presence of CC or CRC and is between 60 pg/ml to about 100

pg/ml of urine.

3. The method of claim 1, the method further comprising administering a
treatment to a subject identified as having OC, CC, or CRC; the treatment comprising one or
more of

1) a surgery,

i1) a chemotherapy in combination with a radiotherapy,

ii1) the chemotherapy without the radiotherapy,

iv) the radiotherapy alone or in combination with the surgery or chemotherapy, and

v) an immunotherapy.
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4. A method for monitoring the effect of a treatment for OC, CC, or CRC in a
subject, the method comprising the steps of:
(a) determining the level of RHAMM in:
1) a pre-treatment test urine sample obtained from the subject before the
treatment,
i1) a post-treatment test urine sample obtained from the subject after the
treatment, and
i1) optionally, a control sample;
(b) optionally, obtaining a reference value for the level of RHAMM before or after
the treatment; and
(c) identifying the treatment for OC, CC, or CRC as effective based on the level of
RHAMM in the post-treatment test urine sample compared to the level of RHAMM in the
pre-treatment test urine sample and optionally continuing the treatment for OC, CC, or CRC,
or
(d) identifying the treatment for OC, CC, or CRC as ineffective based on the level of
RHAMM in the post-treatment test urine sample compared to the level of RHAMM in the
pre-treatment test urine sample and optionally modifying the treatment for OC, CC, or CRC.

5. The method of claim 4, wherein the reference value for the level of RHAMM
after the treatment:
1) indicates the treatment as effective and is between 0 to 15 pg/ml of urine,
i) indicates the treatment as ineffective for OC and is between about 100
pg/ml to about 120 pg/ml of urine,
ii1) indicates the treatment as ineffective for CC or CRC and is between 60

pg/ml to about 100 pg/ml of urine.

6. A method for identifying OC in a subject, the method comprising:

(a) determining the level of RHAMM in:
1) a test urine sample obtained from the subject, and
i1) optionally, a first control sample;

(b) determining the level of CA12S5 in:
1) a test blood sample obtained from the subject, and

i1) optionally, a second control sample;
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(c) optionally, obtaining a first reference value corresponding to the level of RHAMM
and/or a second reference value corresponding to the level of CA125; and

(d) identifying OC in the subject based on the level of RHAMM in the test urine
sample and the level of CA125 in the test blood sample, and optionally administering a
therapy to the subject to treat OC, or

(e) identifying an absence of OC in the subject based on the level of RHAMM in the
test urine sample and the level of CA125 in the test blood sample, and withholding the
therapy to the subject to treat OC.

7. The method of claim 6,
wherein the reference value for the level of RHAMM:
1) indicates the absence of OC and is between O to 15 pg/ml of urine,
i1) indicates the presence of OC and is between about 100 pg/ml to about 120
pg/ml of urine;
and wherein the reference value for the level of CA125:
1) indicates the absence of OC and is between 0 to 15 U/ml of blood,
i1) indicates the presence of OC and is about 65 U/ml of blood.

8. The method of claim 6, the method further comprising administering a
treatment to a subject identified as having OC; the treatment comprising one or more of’

1) a surgery,

i1) a chemotherapy in combination with a radiotherapy,

ii1) the chemotherapy without the radiotherapy,

iv) the radiotherapy alone or in combination with the surgery or chemotherapy, and

v) an immunotherapy.

0. A method for monitoring the effect of a treatment for OC in a subject, the
method comprising the steps of’
(a) determining the level of RHAMM in:
1) a pre-treatment test urine sample obtained from the subject before the
treatment,
i1) a post-treatment test urine sample obtained from the subject after the

treatment, and
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ii1) optionally, a first control sample;

(b) determining the level of CA12S5 in:

1) a pre-treatment test blood sample obtained from the subject before the
treatment,

i1) a post-treatment test blood sample obtained from the subject after the
treatment, and

ii1) optionally, a second control sample;

(c) optionally, obtaining a first reference value corresponding to level of RHAMM
before or after the treatment and/or a second reference value corresponding to the level of
CA125 before or after the treatment; and

(d) identifying the treatment for OC as effective based on the level of RHAMM in the
post-treatment test urine sample compared to the level of RHAMM in the pre-treatment test
urine sample and the level of CA125 in the post-treatment test blood sample compared to the
level of CA125 in the pre-treatment test blood sample, and optionally continuing the
treatment for OC to the subject, or

(e) identifying the treatment for OC as ineffective based on the level of RHAMM in
the post-treatment test urine sample compared to the level of RHAMM in the pre-treatment
test urine sample and the level of CA125 in the post-treatment test blood sample compared to
the level of CA125 in the pre-treatment test blood sample, and optionally modifying the
treatment for OC.

10. The method of claim 9, wherein:
1) the reference value for the level of RHAMM after the treatment:
a) indicates the treatment as effective and is between 0 to 15 pg/ml of urine,
b) indicates the treatment as ineffective and is between about 100 pg/ml to
about 120 pg/ml of urine; and
i1) the reference value for the level of CA125 after the treatment:
a) indicates the treatment as effective and is between 0 to 15 U/ml of blood,

b) indicates the treatment as ineffective and is about 65 U/ml of blood.

11. A device for assaying urinary RHAMM level and blood CA125 level, the
device comprising:

1) an ELISA plate comprising:
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a) a well having a coating of: an antibody or an antigen binding fragment of
antibody against RHAMM and an antibody or an antigen binding fragment of
antibody against CA125, and

b) a secondary antibody against the antibody or the antigen binding fragment
of antibody against RHAMM conjugated to a first detectable label and a secondary
antibody against the antibody or the antigen binding fragment of antibody against
CA125 conjugated to a second detectable label; or
i1) an ELISA plate comprising:

a) a first well having a coating of an antibody or an antigen binding fragment
of antibody against RHAMM and a second well having a coating of an antibody or an
antigen binding fragment of antibody against CA125, and

b) a secondary antibody against the antibody or the antigen binding fragment
of antibody against RHAMM and a secondary antibody against the antibody or the
antigen binding fragment of antibody against CA125.

12. A diagnostic device comprising:

1) a first sample receiver for a urine sample and a second sample receiver for a
blood sample, and

i1) a first control for a level of RHAMM and a second control for a level of

CA125.

13.  The diagnostic device of claim 12, wherein:

1) the first control indicates the highest urinary level of RHAMM present in a
subject that does not have OC and the second control indicates the highest blood level
of CA125 present in a subject that does not have OC; or

i1) the first control indicates the lowest urinary level of RHAMM present in a
subject that has OC and the second control indicates the lowest blood level of CA125

present in a subject that has OC.

14.  The diagnostic device of claim 12, wherein:
1) the first control for RHAMM contains RHAMM at a concentration of about 90
pg/ml of urine and the second control for CA125 contains CA125 at a concentration of about

15 U/ml of blood; or
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i1) the first control for RHAMM contains RHAMM at a concentration of about 120
pg/ml of urine and the second control for CA125 contains CA125 at a concentration of about

65 U/ml of blood.

15. A method for determining the level of RHAMM in a urine sample of a subject
as being above or below a predetermined threshold, the method comprising the steps of
determining the level of RHAMM in the urine sample of the subject and determining the
level of RHAMM in the urine sample of the subject as being above or below the
predetermined threshold.

16. The method of claim 15, wherein the predetermined threshold of RHAMM is:
1) between 0 to 15 pg/ml of urine,
i1) between 60 pg/ml to about 100 pg/ml of urine, or
ii1) 100 pg/ml of urine.

17. A method for determining the level of RHAMM in a urine sample of a subject
as being above or below a first predetermined threshold and determining the level of CA125
in a blood sample of a subject as being above or below a second predetermined threshold, the
method comprising the steps of determining the level of RHAMM in a urine sample of the
subject and the level of CA125 in a blood sample of a subject; and determining the level of
RHAMM in the urine sample of the subject as being above or below the first predetermined
threshold and determining the level of CA125 in the blood sample of the subject as being

above or below the second predetermined threshold.

18. The method of claim 17, wherein:

1) the first predetermined threshold for RHAMM is:
a) between 0 to 15 pg/ml of urine, or
b) 100 pg/ml of urine; and

i1) the second predetermined threshold for CA125 is:
a) between 0 to 15 U/ml of blood, or
b) 65 U/ml of blood.
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