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

(19) World Intellectual Property Organization Vd”Ij

) IO O O O

International Bureau

(43) International Publication Date
14 May 2009 (14.05.2009)

(10) International Publication Number

WO 2009/061412 Al

(51) International Patent Classification:
GOIN 33/574 (2006.01) C12Q 1/28 (2006.01)

(21) International Application Number:
PCT/US2008/012491

(22) International Filing Date:

5 November 2008 (05.11.2008)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:

61/002,282 7 November 2007 (07.11.2007) US
61/002,989 14 November 2007 (14.11.2007) US
61/066,331 20 February 2008 (20.02.2008) US

(71) Applicant (for all designated States except US): FRANTZ
BIOMARKERS, LLC [US/US]; 7740 Metric Drive,
Mentor, OH 44060 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SHAN, Lian
[CN/US]; 4875 West Mill Road, Broadview Heights, OH
44147 (US). DAVIS, Lorelei, D. [US/US]; 2870 Hunting-
ton Road, Shaker Heights, OH 44120 (US). SUTPHEN,
Rebecca [US/US]; 5823 Bowen Daniel Drive, #5085,
Tampa, FL. 33716 (US).

(74) Agents: BARTH, Richard S. et al.; Frishauf, Holtz,
Goodman & Chick, P.C., 220 Fifth Avenue, 16th Floor,
New York, NY 10001-7708 (US).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ,BA, BB, BG, BH, BR, BW,BY, BZ, CA,

CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,

1L, IN,IS,JP,KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,

MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,

RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,

TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

ZW.

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,

NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,

CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

097061412 A1 |0 Y00 0 IO

—

=

(54) Title: METHODS FOR DETECTING OR MONITORING CANCER USING LPE AS A MARKER

(57) Abstract: A method of detecting a cancer, such as ovarian cancer, in a test subject including (a) determining the amount of
a lysophosphatidyl ethanolamine in a sample of a bodily fluid taken from the test subject, and (b) comparing the amount of the
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METHODS FOR DETECTING OR MONITORING CANCER
USING LPE AS A MARKER

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit under 35 USC 119(e) of U.S. provisional
application Serial No. 61/002,282 filed November 7, 2007, U.S. provisional application™
Serial No. 61/002,989 filed November 14, 2007 and US provisional application Serial No.
61/066,331 tiled February 20, 2008, the entire contents of all of which provisional .

applications are incorporated by reference herein.

BACKGROUND OF THE INVENTION

Field of the Invention

Methods for detecting a cancer, such as ovarian cancer, are disclosed -herein. Also:
discussed herein are methods for monitoring a cancer, such as ovarian cancer. More
particularly, disclosed herein are methods for detecting ovarian cancer in a test subject by
determining the amount of a lysophosphatidyl ethanolarﬁine (“LPE”) in a sample of a bodily
ﬂﬁid taken from the test subject. The methods discussed herein are particularly useful as a |

screening test for ovarian cancer.

Background Information

Ovarian cancer is one of the deadliest cancers for women, due to its high fatality rate.
In the United States in 2007, it was estimated that 22,430 wohen would be diagnosed with
ovarian cancer and 15,280 women would die of ovarian cancer. Unfortunately, heretofore,

only 25% of ovarian cancer patients were diagnosed at stage 1. Most of the patients were
y p gn g p
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diagnosed at an advanced stage, stage IIl or IV, at which the 5-year survival rate decreases to
20 to 25% from 95% at stage L.

Presently, the most commonly used biomarker for diagnosing ovarian cancer is CA-
125, a group of surface glycoproteins with uncertain biolo'gical function. Although CA-125 is
elevated in 82% of women with advanced ovarian cancer, it has very limited clinical
application for the detection of early stage disease, exhibiting a positive pred»ictive value of
less than 10%. The addition of physical examination by diagnostic ultrasound imprbvqs the
positive predictive value to 20%, which is sti]l too low to meet the requirement for cancer
detection. Developing a clinical test to diagnose ovarian cancer with high sensitivity and
specificity at the early stage has become the most urgent issue in battling this refractory
disease.

Frequently, the detection of cancer depends upon the detection and inspection of a
tumor mass, which has reached su_f.ﬁcient‘ size to be detected by physical examination. The
detection of molecular markers of carcinogenesis and tumor growth can solve many of the
problems associated with the physical examination of tumors. Samples taken from the patient
for screening by molecular techniques are typically blood or urine, and thus require
minimally invasive techniques.  Thus, they can be used on a regular basis to screen for’
cancers. _In addition, because molecﬁ'lar rﬁarkers may abpear before the tumor reaches a
detectable size, it is possible to detect cancers at very early stages in the progression of the
disease.

Biomarkers identified from serum proteomic analysis for the detection of ovarian
cancer areﬁiscussed in Z. Zhang et al., Cancer Research, 64, 5882-5890, August 15, 2004.

Methods for detecting a cancer associated with elevated concentrations of

lysophospholipids have been described in US 2002/0123084 and US 2002/0150955.
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USP 6,500,633 discloses a method of detecting carcinomas by measuring the level of
a glycerol compound, such as glycerol-3-phosphate, in a plasma, serum or urine specimen
from a patient. |

US 2007/0196875 (inventors: Lian Shan and Stanley L. Hazen) discloses a method
for detecting ovarian cancer using plasmenyl-PA as a marker.

US 2008/0020472 (inventors: Lian Shan and Lorelei D. Davis) discloses a method for

detecting ovarian cancer using plasmenyl-PE as a marker.

SUMMARY OF THE INVENTION
Ttisan object of the present invention to provide a non-invasive method for detecting
a cancer, such as ovarian cancer, in a test subject.
It is another object of the present invention to utilize a molecular marker for the
screening and diagnosis of a cancer, such as ovarian cancer.
It is a further object of the present invention to provide a non-invasive method to
monitor the presence of a cancer, such as ovarian cancer, over time.
The above objects, as well as other objecfé, advantages and airﬁs, are satisfied by the
present invention.
" The preseht invention concerns a method of detecting a cancer (for example, ovarian
cancer) in a test subject comprising: .
(a) determining the amount of a lySophosphatidyl ethanolamine in a samble ofa
bodily fluid taken from the test subject, and
(b) cohlparing the amount of the lysophosphatidyl ethanolamine in the sample of the
bodily fluid taken from the test subject to a range of amounts found in samples of the bodily
fluid taken from a group of normal subjecfs of the same species as the test subject and lacking

the cancer (for example, if the bodily fluid taken from the test subject is serum, then the
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bodily fluid taken from each member of the grouﬁ of normal subjects will also be serum),
whereby a change in the amount (such as a lower amount) of the lysophosphatidyl
ethanolamine in the sample of the bodily fluid taken from the test subject indicates the
presence of the cancer (for example, ovarian cancer).

The present invention further concerns a method for monitoring a cancer (for
example, ovarian cancer) in a test subject over time comprising:

(a) determining the amount of a lysophosphatidy! ethanolamine in a sample of a
bodily fluid taken from the test subject at a first time,

(b) determining the amdunt of the lysophosphatidyl ethanolamine in a sample of the
bodily fluid taken from the test subject at a second time (for example, if the bodily fluid in
step (a) is serum, then the bodily fluid in step (b) will also be-serum), which is later than the
first time,

(c) comparing the amounts of the lysophosphatidyl ethanolamine in' each of step (a)
and step (b) to determine whether there has been an increase or a decrease in the amount of
the lysophosphatidyl ethanolamine in a sample of the bodily fluid taken from the test subject
at the later time relative to the amount of the lysophosphatidyl ethanolamine in the sample of
the bodily fluid taken from the test subject at the first time, whereby a decrease from the
amount of the lysophosphatidyl ethanolamine in the sample of the bodily fluid taken from the
test subject at the later time indicates the presence of, or worsening of, the cancer (for
example, ovarian cancer), or an increase from the amount of the lysophosphatidyl |
ethanolamine in the sample of the bodily fluid taken from the test subject at the later time

indicates an absence, or improvement of, the cancer (for example, ovarian cancer).
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BRIEF DECRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the levels of 18:0 lysophosphatidyl ethanolamine (““18:0
LPE”) in plasma samples from ovarian cancer patients and patients without ovarian cancer
(“healthy controls™).

Fig. 2 is a graph showing the levels of 18:1 lysophosphatidyl ethanolamine (18:1
- LPE”) in plasma sambles from ovarian cancer patients and patients without ovarian cancer
(“healthy confrofs”). |

Fig. 3 is a graph showing thé le'\;els of 18:2 lysophosphatidyl ethanolamine (“18:2
LPE”) in plasma sampies from ovarian cancer patients and patients without ovarian cancer
(“healthy controls™).

Fig. 4 is a graph showing the levels of 16:0 lysophosphatidyl ethanolamine (“16:0
LPE”) in plasma samples fr-om ovarian cancer patients and patients without ovarian cancer
(“healthy controls™).

Fig. 5 is a graph showing the levels of 20:4 lysophosphatidy! ethanolamine (“20:4
LPE”) in plasma samples from Qvarian cancer patients and patients without ovarian cancer
(“healthy céntrols”).

: Fig.‘ 6 is a graph showing the levels of 22:6 lysophosphatidyl ethanolamine (“22:6

LPE”) in plasma samples from ovarian cancer- patients and patients.without ovarian cancer

(“healthy controls™).
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DETAILED DESCRIPTION OF THE INVENTION

Applicants have discovered that the lipid lysophosphatidy! ethanolamine (“LPE”) can
be used in the methods disclosed herein for detecting a cancer, such as ovarian cancer, and
monitoring a caﬁcer, such as ovarian cancer, in a test subject.

Non-limiting examples of the lysophosphatidyl ethanolamine that can be used in the-
methods disclosed herein include the following: 18:0 LPE, 18:1 LPE, 18:2 LPE, 16:0 LPE,
22:6 LPE and 20:4 LPE.

The molecule weights, chemical names and structures for 16:0 LPE, 18:0

LPE, 18:1 LPE, 18:2 LPE, 20:4 LPE and 22:6 LPE are as follows:
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16:0 LPE
mw 453.55

1-Palmitoyl-2-Hydroxy-sn-Glycero-3-Phosphoethanolamine

(o) .

/\/V\MAMO ) 9 ]
o—P

- | /u}(u\ o N g

18:0 LPE
mw 481.61

1-Stearoyl-2-Hydroxy-sn-Glycero-3-Phosphoethanolamine
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18:1 LPE
mw 479.59

1-Oleoyl-2-Hydroxy-sn-Glycero-3-Phosphoethanolamine

18:2 LPE
mw 477.58

1-linoleoyl-2-Hydroxy-sn-Glycero-3-Phosphoethanolamine

20:4 LPE
mw 501.59

1-Arachidonoyl-2-Hydroxy-sn-Glycero-3-Phosphoethanolamine
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22:6 LPE
mw: 525.60

1-Docosahexaenoeyl-2-Hydroxy-sn-Glycero-3-Phosphoethanolamine

In an embodiment of the invention, an amount of a lysophosphatidy| ethanolamine
(“LPE) found in a sample of a bodily fluid taken from a test subject is compared to the
amount of the LPE found samples taken from normal subjects of the same species as the test
~ subject iacking a cancer (for examplé, ovarian cancer) (e.g., if the test subject is a human,
 then the Anon‘nal subject is a human who does not have the cancer (for example, ovarian
_ cancer)). Thus, th.e amount of a LPE taken from a test subject; é.g., a female, is determined,
and z; range of amouhts of LPE taken from normal females, e.g., lacking ovarian cancer, is
obtained. A lower amount of the LPE found in the sample of the bodily fluid taken from the
test subject when compared to a range of amounts of the LPE in samples of the bodily fluid
taken from a group of normal subjects of the same species as the test subject and lacking the
cancer (for example,. ovarian cancer), ‘indicates the presence of the cancer (for example,
ovarian caﬁcer).

The amount of the LPE detected in the sample taken from a test subject may be
measured by first extracting ‘l'ipids as described in detail infra. The amount of the LPE is
then quantified using standard procedures, such as mass spectroscopy, gas chromatography,

HPLC, NMR or other approaches.
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In addition to the direct measurement of the LPE by extraction, antibodies, such as
monoclonal antibodies reactive with the LPE can Be used in an assay to detect the amount of
the LPE. For example, anti-LPE antibodies may be labeled using standard procedures and
used in assays including radioimmunoassay (RIA), both solid and liquid phase, fluorescence-
linked assays or enzyme-linked immunosorbent assays (ELISA), wherein the antibody is used
to detect the presence and amount of the LPE.

The test subject can be a eukaryotic organism, preferably a vertebrate, including, but
. not limited to, a mammal, a bird, a fish, an amphibian or a reptile. Preferably, the su.bject isa

mammal, most breferably a human. The bodily fluid includes, but is not limited to, plasma,
serum, ﬁriﬁe, .sali-va, ascites; éérébral spinal fluid or pleural fluid. Preferably, thé bodily fluid
is plasma or a serum which is obtained from a whole blood specimen from the test subject.

The methéds disclosed herein can be used to detect, screen or monitor for a broad
range of cancers at an early stage. Such cancers include gynecological cancers, including
ovarian cancer, breast cancer, cervical cancer, uterine cancer, endometrial cancer, peritoneal
cancer, fallopian tube cancer and vulva cancer. Other cancers that can be detected, screened
or-monitored according to the methdds disclosed herein include, but are not limited to,
testicular cancer, colon cancér, lung cancer, prostate cancer, bladder cancer, kidney cancer,
thyroid caﬁcer; stomach cancer, pancreatic cancer, brain cancer, liver cancer, ureter cancer,

“esophageal.cancer and larynx cancer. The methods disclosed herein are preferably directed
to detecting ovarian cancer.

The methods disclosed herein are non-invasive and require only a bodily fluid
specimen, such as a blood specimen from the test subject (patient). Thus, such methods are
particularly useful for screening patients who have not been previously diagnosed as having
ovarian cancer. Such patients include women at elevated risk by virtue of a family History of

the disease, premenopausal women with anovulatory cycles and postmenopausal women.

10
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The methods disclosed herein include a screening test for identifying within a risk population,
a subject population with a greater propensity for developing ovarian cancer.

The methods disclosed herein can provide a number of benefits. First, the methods
provide a rapid and economical screen for large numbers of subjects to promote early
diagnosis of ovarian cancer, which can result in improved quality of life and.better survival
rates for patients.

Using the methods disclosed herein for prognosis, the medical professional can
determine whether a subject having ovarian cancer in the early stages requires therapy or
does not require therapy. This could also identify subjects who may not benefit from a
particular form of therapy, e.g., surgery, chemotheraby, radiation ‘or biological therapies.
Such information could result in an improved therapy design for obtaining better responses to
therapy. |

The methods disclosed herein can also be used to identify patient; for whom therapy
should be altered from one therapeutic agent to another. This could obviate the need for
“second look™ invasive procedures to determine the patient’s response to the therapy and
facilitate decisions as to whether the particular type of therapy should be continued,
terminated or altered.

Because cancers may recur in a significant number of ﬁatienfs with advanced cancers,
early detection and continued monitoring over time using the methods disclosed herein can
identify early occult (i.é., “hidden”) recurrences prior to symptoms presenting themselves.

In addition, methods disclosed herein will facilitate distinguishing benign from
malignant tumors: Masses in the ovary can be initially detected using procedures such as
ultrasound or by physical examination. Thereafter, the methods disclosed herein can be used

to diagnose the presence of a cancer (for example, ovarian cancer). This could obviate the

11
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need for surgical intervention, and/or identify subjects for whom continued monitoring is

appropriate, resulting in improved early detection and survival for ovarian cancer patients.

Examples

The present invention will now be described in the context of the following non-

limiting examples.

Example 1: Quantitative Determination of LPE Levels in Human Plasma

(a) Extraction of LPE from Human Plasma

LPE in piasma was extr;acted using a modified Bligh-Dyer method, which follows the -
following procedure: Firsf mix 200 pmol 14:0 LPE with 200 pl plasma. The mixture was
vortexed and 2 ml 2:1 (v:v) methanol-chloroform was added. The mixture was vortexed agair.l
and kept at room temperature for 10 minutes. Then it was centrifuged at 4000Arpm at 10 °C
for 10 minutes. The top liquid layer was transferred into another tube and dried under
nitrogen. The dried pellet was-dissolved in 200 ul 100 mM ammonium acetate in methaﬁol
and centrifuged at 9000 rpm for 5 minutes. 50 pl of the supernatant was injected and

analyzed by LC/ESI/MS/MS.

' (b). LC/ESUMS/MS Analysis of LPE
LC/ESI/MS/MS analysis of LPE species was performed using a Quaftro Micro mass
spectrometer (Micromass, Altrincham, U.K.) equipped with an electrospray ionization (ESI)
probe and interfaced with a Shimadzu SCL-10Avp HPLC system (Shimadzu, Tc.)k;ok, Japan).
Lipids were separated with a Betabasic-18 column (20x2.1 mm, 5 um, Thermo Electron,
Waltham, MA), protected by a Betabasic 18 pre-column (10x2.1 mm, 5 um, Thermo
EIeI:tkon, Waltham, MA). ImM amﬁlonium acetate aqueous solution was used as mobile

phase A and 1 mM ammonium acetate in methanol was used as mobile phase B. The flow



WO 2009/061412 PCT/US2008/012491

rate was 200 pl/minute. The gradient used was as follows: the column was first equilibrated
with 50% B (50% A), followed by a linear-change from 50% B (50% A) to 100% B (0% A)
in the first 4 minutes. The gradient was kept at 100% B in the following 8 minutes. In the
following 4 minutes, the gradient was changed back to 50% B (50% A) to re-equilibrate the
column. Mass spectrometric analyses were performed online using electrospray ionization
tandem mass spectrométry in the negative multiple reaction monitoring (MRM) mode. The
MS parameters are: capillary voltage, 3.0 KV; cone voltage, 35 V; source temperature, 100
°C; desolvation temperature, 350 °C; flow rate of désoiv;tioﬁ gtas; 500 L/hr‘; flow rate of cone
gas, 50 L/hr; mass resolution of both 'parent and daughter ions, 15.0; multiplier, 650. The

| MRM transitions used to detect LPE were the mass to cﬁarge rati.o (m/z) for'their molecular

anion M" and their corresponding daughter ion (collision energy 25 eV).

(c) Levels of LPE

The levels of 16:0 LPE, 18:2 LPE, 18:1 LPE, 18:0 LPE, 20:4 LPE and-22.6 LPE were
determined in a negative MRM mode. The MRM transitions used to detect them were the
mass to charge ratio (m/z) for their molecular anion M" and their corresponding daughter ion

(collision energy 25 eV).

Example 2: Data Analysis

Data analysis was done using the student t-test and the peak ‘area ratio of analyte to
internal standard was determined. The results are shown in Fig. 1 to Fig. 6.

F.orty (40) plasma samples were collectéd. Among them were twc;nty (20) stage 111
ovarian cancer. patients and twenty (20) healthy controls. The LPE data are expressed as peak
areé ratio of the LPE and it§ internal standard, 14:0 LPE. The results are shown in Table 1

below and in Figs. 1 to 6.

13
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Table 1. Levels of 16:0 LPE, 18:2 LPE, 18:1 LPE, 18:0 LPE, 20:4 LPE, 22:6
LPE, their corresponding standard deviation, and p value of ovarian cancer patients related to

healthy controls

Ovarian Cancer Healthy control p value
LPE level | Standard LPE level | Standard
' : Deviation Deviation
16:0 LPE " 0.359 ©70.095 0.490 0.160 <001
18:2LPE 0.472 0212 0.853 0.426 <0.01
18$:1LPE | 0.285 0.128 0.568 0.379 <0.01
18:0 LPE " 0.382 0.100 0.403 0.162 <0.01
204LPE | 0123 | 0037 | 0147 0.052 0.10
22:6 LPE . .0.0138 © 0.0067 ‘0.0164 |  0.0068 0.23

14



WO 2009/061412 PCT/US2008/012491

WHAT IS CLAIMED IS:

1. A method of detecting a cancer in a test subject comprising:

(a) determining the amount of a lysophosphatidyl ethanolamine in a sample of a
bodily fluid taken from the test subject, and

(b) comparing the amount of the lysophosphatidyl ethanolamine in the sample of the
bodily fluid from the test subject to a range of amounts of the lysophosphatidyl ethanolamine
found in samples of said bodily fluid taken from a group of normal subjects of the same
species as the test subject and lacking the cancer, whereby a change in the amount of the
lysophosphatidyl ethanolamine in the sample of the bodily fluid from the test subject
indicates the presence of the cancer.

2. The method of claim 1, wherein the test subject is a human.

3. The method of claim 2, wherein the cancer is ovarian cancer.

4. The method of claim 3, wherein, in step (b), the change in the amount is a lower
amount.

5. The method of claim 4, wherein the bodily fluid is plasma.

6. The method of claim 5, wherein the lysophosphatidyl ethanolamine is selected
from the group consisting of 18:0 LPE, 18:1 LPE, 18:2 LPE, 16:0 LPE, 22:6 LPE and 20:4
LPE.

7. A method for monitoring a cancer in a test subject over time comprising:

(a) determining the amount of a lysophosphatidyl ethanolamine in a sample of a
bodily fluid taken from a test subject at a first time,

(b) determining the amount of the lysophosphatidyl ethanolamine in a sample of the

bodily fluid taken from said test subject at a second time, which is later than the first time,

15
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(c) comparing the amounts of the lysophosphatidyl ethanolamine in each of step (a)
and step (b) to determine whether there has been an increase or a decrease in the amount of
the lysophosphatidyl ethanolamine in the sample of the bodily fluid taken from the test
subject at the later time relative to the amount of the lysophosphatidyl ethanolamine in the
sample of the bodily fluid taken from the test subject at the first time, whereby a decrease
froﬁ1 the amount of the lysophosphatidyl ethanolamine in the sample of the bodily fluid taken
from the test subject at the later time indicates the presence of or worsemng of the cancer, or
an increase from the amount of the lysop.h—osphatldyl ethanolamme in the sample of the bodily
fluid taken from the test subject at the later time indicates an absence or imbrovement of the
cancer.

8. The method of claim 7, wherein the test subject is a human.
9. The method of claim 8, whereih the cancer is ovarian cancer.
10. The method of claim 9, wherein the lysophosphatidy! ethanolamine is selected

from the group consisting of 18:0 LPE, 18:1 LPE, 18:2 LPE, 16:0 LPE, 22:6 LPE and 20:4

LPE.

16
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