JP 2012-22002 A 2012.2.2

(19) BFREREHFT (JP) 2 M A E|A) (1) s A RS
15EA2012-22002
(P2012-220024)
(42) ABME  TR2AE2H2H (2012.2.2)
(51) Int.CL. F1 F=7I2—F (%)
GO1N 33/53 m.m’) GO1N 33/53 Y 2G045
GO1N 33/48 m.m’) GO1N 33/48 M 4B0O63
GO 1N 33/543 (2006.01) GOIN 33/643 5S541A
C12Q 1/04  (2006.01) c12qQ  1/04

EEWR F FREOH 0 OL HEFBLEE (£46 7

@) HEES £ER2011-198211 (P2011-198211) | (71) tHEEA 309021320
(22) WA ERR23E9H 120 (2011.9.12) SYFu s )IFu R SLTEYT
62) ARl DFET 1 EE2008-501850 (P2008-501850) 1 BV —
D5 &l Veridex, LLC
E&ER FR17E3IA 140 (2005. 3. 14) TAVAERE 1 —Pr—P—HFV %

Y. —p202, 1001%
(THEA 100081422

HEL HYP X
(T4 REA 100084146

#EL+ LF E
THLFEA 100156122
£+ %E R
BRE RS
(4) [RAOEZH BRESHMEE BV EBEILESEOFEETOSEMNEES > b ToBBES I UVESERS

FH¥ o 5E

GHooDoDoOo0Do0o0Dooooo

gboobooooobobooboooboobooboobobobooboooboboboboooonn
ugboobooobobobooboooooboboboboooobobobobooooan
ooog

OOoO0OO0O0OCell SpotterJ DD DOO0OOSystemD OO0 O0ODODODODODODOOOODODOO
uobooboooobooboobooboooboooboobobobooooobobobobooooan
ooooboooooobooooboooooooooobooooooboOboooobooo
goboooooooboobotbooooogoboboboboobobobobon.gob
obooboooobooboobooboobooooboobobobooooboboboboooonn
ugbdobooobouobobdoobooooobouoboboboooouobobobobooooan
oooobooooooboooobooooooooooboooooobOoboooobooo
obooogoognob

gboogoooan

10



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y
ey e e e s ey e e e e e e s s [y
Iy e [ [y
ey e e e e ey e e e e e s ) [y

OoooooooooooQgog

Oooo0ooodgdg
Oooooogoogdg
OoOoo0oooodgadg
Oooooooogg
O0o0Doooogoogdg
OoooooooQgdg

O OoOooo
O Ooooo
O OooOooo
O Ooo0ooo
O Ooooao
O 0Ooo0ooao
O Ooooo
O Ooo0ooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O

O 0o oo

]
O
O
O
OJ
O
(]

(]

O Oooo

O
O
O
OJ
O
O
O
(]
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O

Ooo0ooogoQgogoao

O0Oo0oood
OoOoo0ooogdg
OO0Oo0ooodg
OoOoo0ooodg
OO0Oo0ooodg
OoOoo0oood
O0Oo0ooodg
Oo0Ooo0oood
OOoo0ooodg
O0Oo0ood
OoOoo0ooodg
O0Ooo0oood

O oOooo

O 0o oo

O Oooo

O oOood

|

O Oooo

OJ
O
O
O
O
O
O
O
O
O
O
OJ
O
OJ
O
O

O O oo

O 0o oo

O O ogo

O 0Oooo

O Oooo

O 0o oo

O Oooo

O 0o oo

(2)

O Oooo

O Oooo

O 0o oo

O 0o oo

O 0Ooo

O Oooo

OO oo

O oOooo

| Ooo0Oood O

O

O o0ood

O Oooo

O Oooo

O 0o oo

O oOooo

O O oo

I [ o [

O 0Oooo

O Oooo

O
O
O

O o0Oooo

O 0o oo

O oOooo

O o0Ooo

JP 2012-22002 A 2012

O
O
O
O
O
OJ
O
OJ
O
O

O
O
O
O
O
OJ
O
(]
O
(]

.2

O

.2

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y

e s e e e e e e e e Y o A
I s ey
e s e e e e e ) e e o
Ooooooooo oo ooo0 o oo oo oo oo o o0 oo ooogoooo

OooDoooogooooogogao

OoooocooooooQgoogoao

Ooooooooooogogao

OooooooooooOoogoao

OoOoo0oooogdg
OooOoo0ooood
OooOoo0ooooQgdg
OoOoo0oooogd
OoOoo0oooogodg
O Ooooo
O oOoooo
O Ooooo
O oOoooo
O oOoooo
O oOoooo

O
O
O
OJ
O
OJ
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
(]

O
O
O
O

O oOooo
O 0ooo
O 0Oooo
O O0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0ooo
O oOooo
O 0Ooo
O 0Oooo
OO oo
O 0Oooo
O Oooo
O 0Oooo

O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

]

(]
O
O
O
O
O
O
O
O

O 0Oooo
O O0ooo
O 0Oooo
O 0Ooo
O oOooo
O 0Ooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo

O O

O
O

JP 2012-22002 A 2012

ooocooobooboooao

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

.2

O

.2

10

20

30

40

50



Ooo0oooooooo00 oo ooo o0 oo oDooo0ooDooogoooao
e s e e e e ) e e I

0

oo ooooDoooo0 oo oo oo oD oD oo oo ooogogogoooo

O

OO ooDoDooUo0 oo ooo 000D oo oDoDooggooao
Ooo0oooooooo o0 oo ooo o0 oo oDoo o0 oo oooogoooo

O

005848(Wo

O

Ooooooo0oooooQgoooao
OoDoooo4gogooooogogooao

O

Oooooooooooogooao

O

Oooooo4ogooooogooao

Oooooooooooogoooaoo
OooDooooooooogogdQgoooao

O0Ooo0oo0ooao
OoOoo0oooaog
O0Ooo0Oo0ooao
OoOoo0oooao
OO0Oo0oooog
OoOoo0oooo
O0Oo0oooog
O0Ooo0oooao
O0Ooo0oooaog
O0Ooo0Oooao
OOoo0oooog
I B B
OoOoo0oooaog
O0Ooo0Oo0ooao
OoOoo0oooaoo
O0Ooo0Ooo0ooa.o
OoOoo0oooo
OO0Oo0oooog
I o B
O0Ooo0oooaog
OoOoo0oooao
OOoo0oooog
I o B
OOooooaog
O0Ooo0oo0ooao
OoOoo0oooaog
O0Ooo0Oo0ooao
OoOoo0oooao
OO0Oo0oooog
OoOoo0oooo
O0Oo0oooog
OOoo0oooao
O0Ooo0oooaog
O0Ooo0oooao

O O
0O O
O O
O d
[ |
O
O
O

Ooooooogogoo

Oooooooogogoao
Ooo0oooQgogoao
OOo0ooogo-gogao
Oo0oooQgogoao
Oo0o0ooogQgogao
OooO0oooQgoao
O0Ooo0ood

OoOoooooooo0ooooooooDoooooooooOodg
O
O
O
O
O
O
O
O

OoOoooooooo4o0ooooooooooDooooooooogogd

O

gooooao

Oo0Oo0ood

OoOoo0ooodg

O0Oo0ood

O
O
O
O
O
O
O
O
O

OoOoo0oood

(4)

ooao

O0Oo0ood
O 0Oooo

O 0Ooo

O oOooo

O Oooo

O o0Oooo

O 0Oooo

O o0Ooo

O oOooo

O o0Oooo

JP 2012-22002 A 2012.2

goooao

O

O

O

O

O

O
O

ooooao
ooooDao

20030 20 270 0 0 000ODODOOOBOM50,5190 O O 0O 20030 110 250 O O

0OD0060s524,7590 0 00 0OO0O0O0ODO?20040 20 260 0 O 0O OO O PCT/USO4/

2004/076643)0 0O O O

OoOoo0ooooQgodg
OOoo0ooood
O0Ooo0oo0oood
OoOoooood
OO0 ooogod
OoOoo0ooood
O 0Oo0oooogod
OOoo0ooood
O O0Ooo0oooogod
OoOoo0ooood
O Ooo0ooood
OoOoo0oo0oood
OO0Ooo0ooood
OoO0Ooo0oo0oood
OOoo0ooood
O O0Ooo0oo0oood
OoOoo0ooood

O

O

O

O

ooao

oooooao

OO o0oooo
O 0Oo0oooo
O Oo0Qgooo
O 0Ooo0oooo
O Oo0gooo
O 0Oo0oo0ooo
O Ooo0oooo
O 0Oo0oooao
O 0Ooo0oooo
O 0Oo0oo0ooao
O 0Oo0oooo
O O o0OoOooo
I I

I Y o [

ggooano
oooao

O 0Oooo
O O oo
O Oooo

.2

10

20

30

40

50



O 0Ooooao
O oOoooo
O Ooooo
O oOoooo

(5) JP 2012-22002 A 2012.2

goocoobobooooooooobobbooooooooobobobobooooooao
gooooooobooooooboooobbooobobbooooboobooooobao
goooooooobooooooboooooboboooobboooooboooooban
gbobobooooobobbooouoobooouoboobooooobbooooboboooooan
goocobobobooooooooobbboooooooobbbobooooooao

0O O
O O
0O O
O O
O d
O O
O d
O O
O d
O O
O d
O O
O d
0O O
O O
0O O
O O
O d
O O
O d
O
O
O
O
O
O
O
O
O
O
O
O
O
O

ooobObO0oO0oDO0oooooooObOboooooooobboboboboooooao
gogooboooooboboooobobooooobooooobobooboooooboogao
uogoboooooboboooobobooooobooooboooobooogaao
ooobOboOoO0oDoooooooObOboooooooobOboboboboooooao
gogoooboooooboboooobboooobobooooboboboogooboogao
utooboooooboooobobooooobooooobooooobooogao
ooobODbOO0O0Do0ooooooDbbO000de,063,5860 00

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

goobobooooobooooooban
goooooao

]
O
O
O
OJ
O
(]
O
O
O
O
O
O
O
O
O
O
(]
O

O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
|
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O

O O0ooo
O Oooo
O 0o oo
O Oooo
O O oOgo
O Oooo
O O oo
O Oooo
O O oo
O Oooo
O Oooo
O Oooo

O

O

O

O

O

O

O

O

O

O

O

O

(]

O

O

O

O

O

O

O

O

O

I ey e ey ey e e e e [y

e s s e e R e s e [ o |
OooooogQgonDoDooo0o o0 oDoDooo0ooDooogogoooodg
e s s e e e e s A A o A
OooooogQomnDoDooo0oo0ooDoooo0ooDoooooooodg

O 0o oi;
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

Oooooo4o0oooDoooo 0o oDoooooooooggog
O 0o oo
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

gooooooobooooooboooobobobooobobbooooboobooooban

gbobobooooboboooooboooooboooooobobooooboooooan

ooocooOboboooooooooobobbooooooooobobobobooooooao
Loooooobobogooobooboooobbooooboooob . obbbooobboo
goobooooboooooobooooobobooobooooooboooooboboooao
oooooobooboooooooooobobbooooooooobboboboooooooooao
goooobobooooooooobobbooooooooobboboboooooooobooboao
OoDO0o0o0DO0O0o0O0ooU0ooDOoo0oooDOooDOO0Oapoptotic D00 O0ODOOODO
gboboooobbooooobooooooboad
goooao
goooooobobooogooboogoobobobooobobooooobooooboboooao
gboobooooobooooooboooooboboboooooboboooooobooooobobooooao
ooooobobooooooooooboboboboooooooDbDbO0s,ee3,4740 0 0000

5,639,6130 0 00 00QdboboOO0OooboboOOooooboboooobbooooboboogaon
gooooooboooooboooobobooooboboooooboooooboboooan
gbooooouobbooouooboouoobbooouobboooooboooobooado
goooobobooooooooobobbooooooooobboboboooooooobooboao
goooooobobooooobooooboboooboboooooboooboboboooao

.2

10

20

30

40

50



(6) JP 2012-22002 A 2012.2.2

0o0o0ooDoO0doo0ooOoDOoOo0o0ooDoDoOo0o0oooODoDOooo0ooDoDOoOoooDoDooooDoDooOoao
00000000000 OOgAlY S. M., Leitzel K., Chinchilli V. M., Engle L., Dem
ers L., Harvey H. A., Carney W., Allard J. W.O O O Lipton A., Relationship of Se
rumHER-2/neu and Serum CA15-3 in Patients with Metastatic Breast Cancer, Clinica
Chemistry, 48(8): 1314-1320(2002)).0 0 0 0000 00O0DDODOOOODOOOOO
Ooooao ooao 0o0o0oDoo0o0oooDoDooo0ooDoDooooDoDoDooooDoDooao
0dodooDoooooDoDooooooooooDooooooooao
0o0o0o0DoOO0o0oo0ooODoODOoOo0o0oobOoDoOo0ooDoDoOoooooooao
5,876,720 0 0 DD 000D O0DODODODDODODOOODODOOOO
0odooDoooooDoDooooDoDoooooDoooooDoooag
0o0o0ooDoOo0oooODoODOoOoooDoDoOoooDoDooooooooao
00000000 DbODDODO0oDOo0o0oo0ooODoDO0oooboooad

OooO0Oo0ooood
Oo0Oo0ood
O0Oo0ood
OoOoo0oood
OO0oo0oooogd

O
O
O
O
OJ

gogoboboooooboad
0O
ogd

O
O
O
O
O
O
O
(]
O
(]
O
O
O
O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

00
aad
0 g
00 00
00 Ooooooooooao
Morenod , Cancer Research, 52: 6110 (1992)

OO
g
ad

O 0Oooo
O 0Oooo
O oOoooo
O O0ooo
O 0Oooo
O 0Ooo

O
O
O
O

O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0ooOoo0oao
O Ooo0oooao
O 0Ooooo
O oOoooo
O Ooooo
O oOoooo
O 0Ooooo
O 0Oooo

O Ooooo
O oOoooo
O Oooo

O 0Oooo

v O OO oao
O o0Ooo0oo0oao
O oOoooo
O 0Ooooo
O oOoooo
O Ooooo
O oOoooo
O Ooooo
O oOoooo

O

gooodooooobbooooooobod
goooooooobtoooooooboodd
godoobbooobobbobooobobooooan
gooodooooooboooooooboooaoao
Gomella LG., J of Urology, 158: 326-337 (1997))0 O O
gooboooooobb oo oooobooooad
0dooooooobooooooobooobooooao
gooooooooobooooooboooo.g
goooboooooobb oo oooobooooa
aad ododoooooobobobooooboooboboooao
gooooooooobooooooobooooooobOde,ar9
6,235,4860 O O

O O o
O OO
O O o
O 0o oo
O O oo
O 0o oo

O Oo0oooooogg

OooDoooo0oooocoo0oDoDoDooo0oDoDooooooooQo @ o
OO0 oo0ooodogoao

s s e e e e e |
I s e e R [y e e A B |
OO oooQoUo0ooooUg U oObooo0 oo ooooUooDooogoggogogoao
Iy e [y ey ey Iy
I e e e ey s ey Y I

Oooooogogogoao
Oo0Doooodogoao
O
O
O
O

O
O

Oooooooooooo|g
O

Oooooooooooog|g
Ooo0oooooooOooooaoo

N
(o]
w
]

ooo
ooo oo0ooo0ooDOooo0DOooU0ooDOoooOoDo0ooO0ooDUOooDoDOooDoooDOooaOo
oo gooooo0 Db ooooobooooobobooobobooobooodd
00 0o0o0DoODDOoOoo0oo0oDoO0o0oboODoDoO0o0o0obOoOoO0oo0obDbOO0OOddaoDo0Hardingham J.
E., Hewett P. J., Sage R. E., Finch J. L., Nuttat J. D., Kotasel D.0O O 0O Dovrov
ic A., Molecular detection of blood-borne epithelial cells in colorectal cancer
patients and in patients with benign bowel disease, Int. J. Cancer, 89: 8-13(200
0): Taniguchi T., Makino M., Suzuki K., Kaibara N., Prognostic significance of r
everse transcriptase-polymerase chain reaction measurement of carcinoembryonic a
ntigen 0 O O O Ulevels in tumor drainage blood and peripheral blood of patients
with colorectal carcinoma, Cancer 89: 970-976 (2000)))0 0D 0 0 OO DODOOOODOADO
ocooooooU0oooDOoooooOoooDUOooDoODO0ooOoO0ooDUoDDUOooDoDooDUooDUODoDaOo
I e A I I 6 0 O 0 O e A B A B B A N e W A R W W

10

20

30

40

50



€

JP 2012-22002 A 2012.2.2

0oo0oo0ooU0ooDooo0ooDo0oooDUooDoDO0o0Do0ooDU0ooDDoDoOooDoDooDooDoOoaO
00000000 oo0Do0ooo0oooDo0ooDU0ooo0Do0oo0ooDUooDoDoooDoooDooDoOoao
000000 O0O00DDoDO0OO0O00D0OadGhossein R. AL, Coit D., Brennan M., Zhang Z.
F., Wang Y., Bhattacharya S., Houghton A.0O O O Rosai J., Prognostic significance

of peripheral blood and bone marrow tyrosinase

oma, Clin. Cancer Res., 4 (2): 419-428 (1998))0 0 O O O

O

OO0 oooooQogoooodg
OooooogodQgogooao

O

Feng Z._,

O

OO0 oooooQgooooodg
OO0 ooooogogooo
oo oooooogooooo

O

O

O

uogoboboooooboooobbooooboooooao
goocoobobooooooooboao
g

O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0O oo
O Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0oo o
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo

oooooooooooad
oooooooooood
oo0oooDoooooooad
Ito S., Nakanishi H., Hi

Ooooogogoao

O O o
O Oooo
O O o
O Oooo

00
0o
00
rai

O 0o oo
O Oooo
O O oo
O 0o oo

g 0 a

messenger RNA in malignant melan

oooobooooobboo
uoogobooooobood

oooooood
ooooOoOood
oooboOoood
oooDoDooood

O 0Oooo
O Oooo

ooo0oDoDDoDO0oO0oOooooao
ooooDDoDOoOoooooao
Oo0o0D0O ooooooao
T., Kato T., Kodera Y.,

Kasai Y., Ito K., Akiyama S., Nakao A.0 O O Tatematsu M., Quantitative
detection of CEA expressing free tumor cells in the peripheral blood of colorect
al cancer patients during surgery with real-time RT-PCR on a Light Cycler, Cance
r Letters, 183: 195-203 (2002)0 0 0 0 00O O0ODDDOOOOOODO Kaplan-Meier type an
alysis0 000000000 ODOQOODODDODODOD DOODODODDODODDOOODOODODOOO
00oo00ooDOooo0ooo0ooDU0oooDOooO0DooDUooDoDooDoooDooDoOO

Ooooooooogoogooo
oo oooooogoogoo
Ooooooooogoogogoo
oo oooooogogooo
OO0 ooooogogoao
oo oooooogogoo
OO0 ooooogogoao
oo oooooogogooo
OO0 ooooogogoo
oo oooooogoogoo
OO0 ooooogogoo
oo oooooogoogooo
OO0 oooooogogoo
Ooooooooogoogogoo
oo oooooogogooo
OoooooooogoogooOoo
oo oooooogogoo
OO0 oDoooogogoo
oo oooooogogogoo
OO0 ooooogogoo
oo oooooogoogooo
OO0 ooooogogoo

Ooooooooooooooooogodg
OooODhoo4ogooooogogoao

O

Oo0oooooooooogogoooaoo

OoooODoocoooooogogoao

O

OoooOoooooooogogoao

OooooOocoooooooogogogogoao
O 0OooOooi;
O O oo
O 0OooOooio;
O O oo
o o I |
O oOoooio
O O oo
O Ooooio
o R I |
O O oo
O Ooooio
O 0O oi;
O oOoooiio
O 0O oi;
O oOoooio
O 0O oi;
O oOoooio
O O oo
O OO
O O o0
O oOooo
O 0Oooo

oo O o0 O oad O O O ooao

1J, Kaufman M, Goerner R, Costa SD, Kaul S, Bastert G.

in bone marrow of patients with primary breast cancer:
distant
Oooao
Oo0oo
Oooo
Oooo
Oooao

metastasis. J Clin Oncol, 10: 1534-1539, 19920
00000000000 OooDODOoDO0o0DOoOoooooOoao
ooo0oDDoDO0oU0oU0o0oooooDDOoDUOUoOoUoooooao
OO0

oo0o0oDDOo00o0o0oooooDDODoDOooooooooao
ooo0oo0DDoDO0U0U00oo0ooooODoDUoUoOoUoooooOoao

oo oooooogoogoo
OO0 ooooogogooo
Ooooooooogoogooo
Oooooogogooao
Oooo0ooogogooao
Oooooogogooao
OO0 oo0ooodogoao
Oooooogogooao
OO0 oooodogoao
Oooooogogogoao
OOo0oooodgogoao
Ooooooogogooao

oad
oad
oad
0ooao 00 Diel
Detection of tumor cells

O OO
O O O
I R |
O OO
O O o0
O 0Oooo

O oo
O OO0
O oo
O oo

O Oooog

a prognostic factor for
Oo0o0o0oooDooooo
Oo0o0oO0oooooooao
Oo0ooano

ooobObO0OO0oooooao
oooDDbDO0OO0oOooooao

10

30

40

50



(8) JP 2012-22002 A 2012.2.2

oooobObOoOoooooooobDbe,365,3620 0 0 0 000O06,551,8430 0 000006,
623,9820 O 0D 0 0 O0O6,620,6270 0 00000 6,645,7310 O WO 02/0776040 WO 037065
o420 DO Owoo3s/0101410 0000000 DOODODODO .OO0O0DOODODODODOODDOO
uyugbobobooooobbooouoobboooobooobobboooobboooooan
ooao

Iy e e e ey [ s [ .. I ey Iy

OO0 oo ooo4dQgoooooggogo
Oo0ooooooooooogQgoo
OO0 oDoooogogooooogoogdg
Oo0oooooooooooogodg
OO0 ooooogog4gogoooodg

0

Ooo0oooQgoooo
Oooooogogdg

OOo0o0ooogQgogao
O

(@)
(@]
]
(@)
O o
=
©

Oo0ooooogoooood
Oo0oooodQgoooao

OoOoo0ooodg
Oo0Ooo0oood
OoOoo0ooodg
O oOoooo
O oOoooo
O O0Oo0ooO0oo0oao

OO0 oooogooooDoDooggoUgogoooodg
Oooooogogao

OOoooood

O

WO 200470766430
gooao

O

O

O

ooooooooo0onOnor

Oo0Oo0oood
O o0Ooo0ooao
O oOoooo

OooOoo0ooOoogao

Oo0oDooogogQgoooogg-.

OoooooOoooao
OoooooQgooao

O

O

O

O

g
g

O
O

O
O

OooOoo0ooood
Oo0oooogdg
OooOoo0ooood
OoOoo0ooooQgdg
OOoo0oooogdg
OoOoo0oooogodg
OOo0o0ooogdg
Ooo0oooOodg
OoOoo0oooogdg
Ooo0oo0ooodg
OoOoo0oooogdg
Ooo0o0ooood
OoOoo0oooogdg
OooOoo0ooood
OoOoo0ooooQgdg
Ooo0Ooo0ooood
OoOoo0oooogodg
OOo0oo0oooogdg
Oo0o0ooooQgodg
OoOoo0oooogdg
Ooo0oo0ooodg
OoOoo0oooogdg
Ooo0oo0oood
OoOoo0oooogdg

OO 3
>
O OO

O

O

oooobObOO0oO0ooooooobbooooooooobobooooooboao

0000 WO 0370187570
Oooooooooao
Oo0ooooao
Oo0oooooao
Cell Spotter(
O0ooooao
Oo0ooooao

000
000
000
O0o0D0Oo
Systemd Immun
Ooooooao
ooooooao

O
g
u

O Oooo
O OO

O
O
O
O

OoOoo0ooood
OO0Oo0oooogod
OOoooood
O0Ooo0oooogod
OOoo0oood
O0Ooo0oooogod
OoOoo0oood
O0oo0oooogod
OoOoo0oood
OOoo0oooogod
Oo0Ooo0Ooood
OOoooood
O 0Ooo0ooao

O Ooooo

O 0Ooo0ooOoao

O 0Ooo0oooao
O0Ooo0Ooood

gooboboooooboboboooooboboooooan
ooocoobObOoooooooobobooooo
goooooobobbooooobboooobnn
goooo booooboooobboao
ooocoobobOoooooooooboboboogoo
.JgjooocoobbbbobooooocoobbbobooooooooDboao
oooboooooboooobbooooboboooobobooooobaon
uogobobooooobobodoouobbooooboooobooooonao
ooooOo0OO0O0oDoooooobobobOoooooooobobooooooao

O 0Oo0ooOoao
O Ooooo
OO oO0ooog
O Ooooo
O OoOooo
O Ooooo
O OooOooo
O 0Ooooo
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooo

OO0 ooodgogaog
OoooooQgogoao
Oo0ooogogaog
OoooooQgogo
Ooooogogog
OooooooOoogao
Oo0ooogogao
Oooooooogao
OOooooogod
OoOoo0ooood
OOoooood
O0Ooo0Ooood
OOoooood
O0Oooooogod
OoOoooood
OOooooogod
OoOoo0ooood
OOooooogod
OoOoo0oood
OOoo0oooogod
OoOoo0ooood
OoOooooogod
OoOoo0o0oood
OoOoooood
O0Oooooogod
OoOoooood
O0Oooooogod
OoOoooood
OOoo0oooogod
OoOoooood

O O
O O
O O
O O
O O
O O
O
O
O
O
O

O0Ooo0oo0ooao
O0Ooo0oooaoo
O0Ooo0oo0ooao
OOooooaoo
O 0Oo0oooo
OOoo0oooaoo
O 0OooO0oooaog
O0Ooo0oooaoo
O Ooo0oooao
O0Ooo0oooao

10

20

30

40

50



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [

Iy R ) ey e e e e s [ sy [ |

OO0 ooooogogog
oo oooooogogoo
OO0 ooooogogog
Ooooooooogoogo
OO0 ooooogogooQg
Ooooooooogoogoo
oo ooooogogoog
OO0 ooooogogog
OooooooQgoo
OO0 oooogogo
OooooooQgogoo
Oooooogogo
OooooooQgoo

Ooooooogooooao
Oo0ooooogogoooao
OoooooogooooOoao
Oooooogoooaoo
Ooo0oooogooooOoao
Oooooogogoooao
OOoo0oooogooooOoao
Oooooogogoooaoo
OO0 o0ooodogooao
Oooooodgoooaoo
OO0 oooodgogooao
Ooooooogooooaoo
OOo0ooooogogooao
Ooooooogooooao
Oooooogoooao
OoooooogoogoooOoao
Oooooogoooaoo
Ooo0oooogooOoooOoaoo
Oooooogoooaoo
OOo0oo0ooooOooOoooOoao
OoooooQgooooaoo
OO0 oOoooodgogooao
Oooooogogoooaoo
OO0 oooogogooao
Ooooooogooooao
Oo0ooooogogoooao
OoooooogooooOoao
Oooooogoooaoo
Ooo0oooogooooOoao
Oooooogoooaoo
OOoo0oooogooooOoao
Oooooogogoooaoo
OO0 o0Dooodgogoooao
Oooooodgoooaoo
OO0 oooodgogooao
Oooooogogoooaoo
OOo0ooooogogooao
Ooooooogooooaoo

€))

O
O
O
O

O Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooog
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Ooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooog
O 0Oooo
O Ooog
O 0Oooo
O 0Oooo

O O
O O
O O
O O
O O
O O
O O
O O
O O

Ooo0ooooooogooOoooao
O
O
(]
O
O
O
O
O
O

O Ooo0ooooo
O 0O0o0ooooog
O Oooooooo
O 0Oo0ooooog
O Ooo0ooooo

OO0 oooooQgoooo
O O0Ooo0ooooaog

Ooooooooogogoooo
O
O
O
O
O
O
O
O
O

OoOoooood
Oo0ooogogaog
OoooooQgogo
Ooooogogog
OooooooOoogao
Oo0ooogogao
Oooooooogao
OooooogogaoQg
Oooooooogoao
Oooooogogao
OoooooOooOgoao
Oooooogogao
Oo0ooogogaog

O

gooboboooooboodadd
ooocooObOO0oO0oo0ooooan
ooocooObOO0oO0oo0ooooan
Oooooobbooooboooooboobo .o

Oo0oooooooooooUoUoooDoDoo4ogogoDooogogoao
OooooooooooooooDooooooooogooao
Oo0ooooooooooUooUoooDoDoo4ogooooogogoao

Ooo0oooooooood
Ooooooooooogodg
Ooo0ooooooooood
Ooooooooooogodg
Oo0DoDoogogogogoooogod

0O
od
g
00
g
g
ud
oo
od

O ogooQgogoo

[ I R |

OooooooQgogoao
Ooooooogogoo
O 0o oogood
Ooooooogoo
Oooooooogoogoao

JP 2012-22002 A 2012.2

Cell Spotter(
Oooooogao
Ooooooao
Ooooooao

O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooog
O 0Oooo

O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O

O
O
O
O
O
O
(]
O
O
O
O
O
O
O
O
O

ooooboOoOoooooooooao
ggao
bOoooooboooooboboada
ugogobobooooobooooobod
ooooObbOOooooooobooboao
goooooogoao
ugogobooooobooooobood
ooooOboOOoooooooooboao

Lbooooboboooobboo0oobboooobooooDbnoD

ooooDoboobooooooooooao
ooooboOoOoooooooooao
ooooObbOoooooooobooao
ooooDboooooooooboDbao

ooooOboOOoooooooooboao
ooooDboOooooooooDbao

Ooooooogo:e
OO0O0ooood
OOoo0ooood
OO0Oo0ooood
OOoo0ooood
OO0ooood
OOoo0ooood
OOoooood
OOoo0ooood
OOoooood
O 0O0ooood
OOo0oooodg
O 0O0ooood
O 0Ooooo
O OoOooo
O 0Ooooo

.2

10

20

30

40

50



(10) JP 2012-22002 A 2012.2.

oooobObOOoO0ODOoooooooobobboooooooobOboboboboooooano
gogooobooogooooboooobobooooboooboboboooboogoao
googooobooooooboboooobboooooboooooboboooobooooao
uogobobooooooboooobboouooboooobooooboooado
ooobObO0oO0oDO0oooooooObOboooooooobboboboboooooao
gogoooboooooboboooobboooobobooooboboboogooboogao
uogoboooooobooooboboooooboooooboboooobooogao
ooobObO0OO0oDO0oooooooOboboooooooao

gooobooogao

ooooObObOO0oOO0oooooooobobboooooooooao

O
O
O
O
O
O
O

oo

OO0 o0Dooo4odooooo4ggoooooggogao
OooooooooooooooooogogQgoao
OOo0oooooooooo4gogoooooggogo
OooooooooooooooooogogoQgoao
Ooooooo0ooooo4oooooogoggogoao

O

O

O

O

OJ

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

OO0 ooDoooOo0 oo ooo o0 oo oDoo oo oooogodg

0000000000000 ooDo0ooDo0oDo0oDo0oDoDooDoDooDoDooDooao
oooo0oooDOoooDooOU0ooDoooDooDo0ooDUooDoDOooDooDooaOo
0000000000000 ooDo0oooDo0ooDo0ooDUooDOoDooDooOooDooao
Oo0o0o0o0oDoDOooo0Do0ooo0ooDooDoDooDo0oDooDoDooDoDooDooaOo
oooo0oooDOoooDooO0oooDoooDooDooDUooDoDOooDooDOooaOo
00000000 oo0Do0ooU0ooDoooDooo0ooDUooDoDoooooDoOoao
000000 D0D0ooo0Do0oo0ooDo0ooDo0Do0o0Do0o0DDUooDOoDOooDoDooDooaO
Oo0o0o00oDoDOooo0Doo0ooDoooDooDoooDooDoDooDoooDooao
ooooao
0oooo0o0oo0ooDU0oooDO0oo0ooDUooDO0o0DO0DO0oDoDU0DOoODoDOooODOoDODoDo0DOoODOOo
oooooDoo0oooDU0oooDOoOo0ooDUooDODUO0o0DO0DO0ooDU0DoDDoDOooODOoDOooODUooODDOO
00000000 Racila E., Euhus D., Weiss A. J., Rao C., McConnell J., Tersta
ppen L. W. M. M.O O O Uhr J. W., Detection and characterization of carcinoma cel
Is in the blood, Proc. Natl. Acad. Sci. USA, 95: 4589-4594 (1998)0 0 0 O O O O
Ooo0oo0ooU0oooDooo0oooo0ooDU0oooDo0oooDooDUoooDoooDoooooDoOoao
00000000000 oo0o0o0Do0ooDO0oDo0DO0o00Do0ooDU0oDDOooDOoDO0oo0DoDoOoDoOOoOaO
0oo0oo0ooU0ooDooO0o0ooDO0DooDUOooDoDO0ooO0DOoDU0ooDDOooDoDooDoDoDoOooOaO
ooooo0ooU0oooDooooooooDUoOooDoDOooO0oooODUooDoDOoooDooDooDooaOo
00000000000 oo0o0oDo0ooDU0oo0DO0oo0o0ooDUooOoDooDoDOooDoDoOooDoOoaOo
0000000000000 Do0oo0Do0DO0o0D0Do0oDOoDoODOoDO0Oo0DO0oDo0DOODOOaOaoinvolve

ment) D 0D OO O0DO0ODO0O0ODODODOOOOODODODODOOOOODODODOODOODODODODOO

gooooogooobooooobobooooobobooobbooobobobooooboboogao
goobooooooooooboooad

oooooao
ooooObobooooooooobbooooooooobbooboooooobbooood
gooooooooboooooobooooobobooobbooooboboooooboboogoao
ugogobobobodooobooooobobooooobboooobbooooboooooboboogao
ooooObOOO0OO0oooooooobOboboooooooobObbOooooooobDDbobooOoo
gooobooo
gooboooooooboooooboobooooobboooobbooooobooooobobooogaao
oooobobooooooocooboboboooooooobbbOooboooooobobooood
OoooDODDOO0OOOyokeDODODDODDODODODOODODODODODDDOODOOODDODODDDODOOOO
gogoobooooooboboooooboobooooobboooobbooooboobooooobobooogoano
gogobobobodoogobobooouooboobooooobbodoouobboooobooboooobobooogado
ooooObobooooooooobbooooooooobbooboooooobbooood
gooboooobbooooboooonnb



Iy e e e e ey e e e [ e s s [y
e e e ) e e e e e e A [ e s Y [
Iy s ey ey e R e s [ [y
e e . e ey e e e A e s Y [y

9]
<

Iy [ I e ey ey [ e s

Oooooooogooooao

o

ey e .. ey e e e e s s [y |

«Q

Ooooooooogooooao

O 0Ooo0ooo
O Ooogooo
O 0Oo0ooo
O 0Ooogoo
O O o0gogog
O 0Ooogoo
O O ogogog
O 0Ooogooo
O O ogoo
O 0Ooo0gooo
O Ooogoo
O 0Ooo0gooo
O Ooogoo
O 0Oo0ooo

Ooooooooooooogoogoooao

O

Oooo0oooogoogoao

OoooooogogQgoooo

OOoooooo0ooooo4oDooDoooo0oDoooogogogooao
Oo0oooooooooooooooooooooooogooOoao
OOoooooo0oooooo0ooDoooo0oDoooogoogooao
OO0 O0oDoodooooDoodUooDoDoUgUooDoogogooao
OOoooooo0oooooo0ooDoooo0ooooogooao
OO0o0DoDoo4doooooo4ddooDooUgUoDoDooggooao
Ooooooo0ooooooo0oooooo0ooooogoogooao
OO0 o0DoDoo40ooooouo4dDooDooUogUooDooooggooao
Ooooocoo0oooooo0oooooo0oooooogooao
OOo0ooooo0ooooo4o0ooDooo4ogoDoooogogogooao
Ooooooooooooo0ooDoooooooooogooao
OOoooooo0ooooo4oDooooooooDoooogoggooao
OoooooooooooooooooooooooogooOoao
OOoooooo0ooooo4o0DooDoooo0oDoooogoggooao
Oo0oooooooooooodoooooooooooogooOoao
Ooooooo0oooooo0oooooo0ooooogoogooao
OO0 o0oDoodoooooodooDooUgUooDooggooao
Ooooooo0oooooo0oooooo0ooooogoogooao
OO0 o0DoDoo40doooooo4ddooDooUgUoDoDooogoggooao
Ooooooo0ooooooo0oooooooooooogogooao
OOo0o0ooooo0ooooo4oDooDooogogoDoooogoggooao
Ooooooo0ooooooo0oooooooooooogooOoao
OOooDoooo0ooooo4o0ooooogoooDoooogoggooao

Oooooooogogoooao

oo ooooogogQooooo
OO0 ooooogogogog
oo ooooogogoo
OO0 ooooogogogog
Oo0ooooooQgogoo
OO0 ooooogogogog
oo ooooooQgoogoo
OO0 ooooogogogoog
OooooooooQgogoo
OO0 ooooogoogogooQg
Ooooooooogoogoo
oo oooooogogooQg
Ooooooooogoogoo
oo oooooogogooQg
OO0 ooooogogogog
Ooo0oooooogogooQg
OO0 oooooggogog
Ooo0ooooooQgogoo

O Oooo

(11)

JP 2012-22002 A 2012.2.2

gooooooooboboogooboboooobobobboooboboogao
Oooooobobooooboboooobboooobooooban

O
O
O
O

O oOooo
O 0Ooo
O 0Oooo
O 0Ooog
O 0Oooo
O Ooog
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Ooo
O Oooo
O 0Ooo
O 0Oooo

goobooooooboodogdo
goocooObooooooao
goooooooboogao
gbooooooobooogdo
ooocoobOooooooao
Ooooooobboogao

goooooooooad
goooao
goooao

O

Ooo0ooooooo0 oo ooo o oo ooooooooogogo
Oo0ooooo4oooDoooooooDoDooooooDooogogao
Oo0oooooooooooooooooogogoooOoao
OO0 ooDooooooooooo0oooogogooao

O
O
O

O
O
O

O
O

O
O
O

ooooao
ooooao

ogoaon
oono
oon
ooaon

O 0Oooo

ooooao
ooooao
ooooDao

Apudod O O O O

O

0

OoooOooooooooooooooooogao

Oo0ooooooooooooooDooogoooao
OO0 oDooggUooooDooggUooooogogoooao
Oo0ooooooooooooooooogogoooao
OO0 ooDoogogUooooDooggooooogogoooao
Oo0oooooooooooooooooogogoooao

10

20

30

40

50



(12) JP 2012-22002 A 2012.2.2

ooooOobobooooooooooboboboooooooobbbOoooooooobobooooo
ooooObOoOooooooboobooboao

ooooDao
oooooao

gooano

Cell Prep0 00 0000DOCDODODOO0ODODODODODODODOO

O

L e s A |

e s e e e e ) ey e s e s e I e A s

OO0 oooogo|oooooogoogogoooo

Iy 1y ) e ey ey e 1 e s [y

OO0 oDooogogiomoooooggogooo

OoOoo0ooood
OO0Ooo0oooodg
O 0Ooo0ooo

O

OOo0ooOoDooo4dooooogbooogog4gogooooogod
Oo0oooooooooQgdg

Oooooooooooggg

O 0Oooo

O

OooooogooooOoao

Ooo0oooOoooo
Ooooogogooao

OooooogogQgooood

Ooooooooogooao
OoooooogoQgooao
OoooooooogoOooao
OoooooogoQgooao
OO0 ooooggogoao
OooooooogoQgooao
OO0 ooooggooao
OooooooogoQgooao
Oo0oooooggooao
OoooooooQgooao
Ooooooogogooao
Ooooooooogoooao
Oo0ooooogQgogao
OoOooooooQgoo
OooooooogQgoo
OoOo0ooooooOoogoao
OooooooogQgogoo

OoOoo0oooQgdg
Oooooogogg
OoOoo0oooodgadg

O 0Ooo
O Oooo

O
O

O o0Oooo

O Ooooo

O 0Ooo

O
O
O
O
O
O
O

O 0Ooo0ooo

O Ooo0ooooo
O 0O0o0ooooog
O Oooooooo
O 0Oo0ooooog
O Ooo0ooooo
O O0Ooo0ooooaog
O Ooo0ooooao
O Oo0ooooaog
O Ooo0oo0oooao
O O0Oo0ooooaog
O Ooo0oo0oooao
O Oo0ooooaog
O OoOo0oo0oo0ooao
O Ooo0ooooo
O 0O0o0ooooaog
O Ooo0ooooao
O 0Oo0ooooaog
O Ooooooao
O Oo0ooooaog
O Ooo0ooooao
O O0oo0ooooaog
O Ooo0oo0oooao
O Ooo0ooooaog
O Ooo0oo0oo0ooao
O Ooo0ooooo
O 0o oooog
O Oooooooo
O O0Oo0gooao

O 0Ooo0oooao

O 0Oooo

O 0Ooooo

O OooOd

|

Ooo0oo0ogao

O 0Oooo

O 0Ooooo

O 0Oooo

O O0Oogoao

O o0Ooo

O 0Ooooo

O 0Oooo

O Ooogoao

Lboooobobobooooobbooooboobooogao

ooooODbOO0OO0Oooooao
oogooooooobood
googobooooooood
oooobODbOO0OO0oooooao
ooobObO0OO0oooooao
ooooooooogao

ugogobbooooobood
ooobODbOO0O0oooooao
oooobooooobboo

OO0 oooogogao
oo ooooQgogoo
O oo ooogogao
OooooooQgogoo
Oooooogogao

O Oo0oooao
O 0Oo0oo0ooao

O oOooo
O oOooo
O o0Oooo
O 0Oooo
O o0Ooo
O oOooo
O 0Ooo
O oOooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O oOooo
O 0Oooo
O oOooo
O 0Ooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
o ooz

Jojooooooobobbooooooooobbobooao
ooobooobobobbooobboooobooooobao
ooobobooooboboboooobboooooooooban

O 0Ooo0ooo
O Ooogooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooao
O O0Oogoao
O 0Ooooo
O O0Oogoao
O 0Ooooo
O Ooogoo
O 0Ooo0ooo
O Ooogooao
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O 0Ooooo
OO oOgoao
O 0Ooooo
O O0Oogoo
O Ooooo
O Ooogoao
O 0Ooo0ooo

10

20

30

40

50



Iy e ey ey e e [y
e s e e e e e e e Y [

Ooo0ooooooOo0 oo oo o0 oD oD oo oD oDoogog|Bpoooogodg

Oooooooooooogogoooao
OOo0ooDooogooooogogooao
Ooooooooooooogogoooao
Oooooooooooogogooao

OoOoo0ooood
OOoooood
Oo0Ooo0oo0oood
OoOoooood
OO0Oo0ooood
OoOoooood
OO0Ooo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
Oo0Ooo0oo0oood
OOoooood
O0Ooo0oo0oood
OOoooood
O0Ooo0ooood
OoOoooood
O0Ooo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoooood
Oo0Ooo0oo0oood
OoOoooood
OO0Ooo0ooood
OoOoooood
OO0Ooo0ooood
OoOoo0ooood

OO0 oOoooo4Q00ooooUoo QDo oDoooo oo oDoog|ooooogdg

Ooooooooooooooooooogdg
Oo0oooooo0oooDooooogooooodg

Oooooooooooooogodg
Oo0ooooooooooogdg
OooooooooooooooOodg
OO0 oooooooooooogdg
OO0 Do ooogoooooogdg
OO0 oooooooooooogodg
OO0 Do ooogogogooooogdg
OO0 oooooooooooogodg
OO0 oDoooogogooooogogdg
oo oooooooooooogog
OO0 oDoooogogooooogoogdg
OoooooooooooooQgodg
OO0 ooooogooooooogdg
Oooooooooooooodg
Oo0oooooooooooogdg
Oooooooooooooood
Oo0oooooooooooogdg
OO0 Do ooogogooooogdg
oo oooooooooogo:e
OO0 oooogoggogooood

OO0 oooooooooodg

OO0 ooooogoggogoooodg
Oooooooooooodg

OO0 ooooogogogogoooodg
Oooooooooooodg

OO0 oooooogooooodg
Oo0oooooooooood

oo oooooooooodg

OO0 oo oogoggoooodg

OO0 oooooooooodg

OO0 oDooogoggogoooodg

oo oooooooooodg

OO0 oooogoggogoooodg

oo oooooooooodg

O0Ooo0oo0ooao
O Ooo0oooao

O 0o oo

O Ooogoo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Ooo0gooo

O O0ooo
O Oooo
O 0ooo
O Oooo
O 0O oo
O Oooo
O 0O oo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0O oo
O Oooo
O 0o oo
O Oooo
O Oooo
O Oooo
O Oooo

O 0o oo

O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
OJ
O
OJ
O
O
O
O
O

O oOooo
O 0Ooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O o0Oooo
O oOooo
O 0Oooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo

I [ [

O 0o oo

O Oooo

Ooo0Oood

|

O 0o oo

I Y o [

O 0o oo

O O oo

O 0o oo

O 0o oo

O 0o oo

O 0o oo

(13)

O 0o oo

O Oooo

O 0O oo

O Oooo

Ooo0Oood

JP 2012-22002 A 2012.2.2

ooooboOoOoooooooooao
ooooDboOOoOoooooboooboboao

ooooObbOoooooooobooao
O0ooooboobboooooao

ooooobbooooooooobooao
ooooOboOOoooooooooboao

]
O
O
O
O
O
(]
O
O OOoo0ooood
O OoOoo0ooood

O 0o oo
I [ o [
O 0o oo
I [ o [
O 0o oo
O 0o oo
O 0o oo
O Oooo
O 0o oo
O Oooo
I Y o [
O 0o oo
O O oo
O 0o oo

(]

O

.0oooooooobboooooooooboao
gooooooobobboooobboooobboo
ugadg

O

O

O

gooooaogad

gooboooooboogobboo
googoobooooobooooban

10

20

30

40

50



(14) JP 2012-22002 A 2012.2

ooooOobobooooooooooboboboooooooobbbOoooooooobobooooo
gooooogooobooooobobooooobobooobbooobobooobboogao
gogoobooooooboboooooboobooooobboooobbooooboobooooobobooogoano
gogobobobodoooobobooouoobobooooobboooouobboooobooooobobooogaao
ooooObobooooooooobbooooooooobbooboooooobbooood
gooobooao

gooooaad
ooooObOoOO0oooooocoobboboooooooobboOoooooooobboooodd
gooooogooobooooobobooooobobooobbooobobobooooboboogao
goooooad

oooooao

gooano

gooobooooobobboooobbooao
ugogobobobodooobooooobobooooobboooobbooooboooooboboogao
ooooobobooooooooDbODb ooobbO .oobODbbOOooooao

gooobooao
gooboooooooboooooboobooooobboooobbooooobooooobobooogaao
ooooobooOoOooooooooobobbooo .obbobb0oooooocoobObobOoboooooanb
gooooogooobooooobobooooobobooobbooobobobooooboboogao
gogoboobooooobbooooobooooobboooobbooooao

oooooao
ooooObobooooooooobbooooooooobbooboooooobbooood
goooboooooboboooobooboooobbooobboooobobooooboboogao

boooobboooooboouoobooooboooobbOooooboboooooDban
ooooObOoOoO0OO0oooooooDbD ocoooOoDbObOoOooooooboobobobobooo

oooobObOOoO0ODOoooooooobobboooooooobOboboboboooooano
gooooooooboboooobobooooobobbooobobobooooboogao
goooobooo .boooobooboooooboboooobboo obogooob.oobao
uogobododo ocooobobooooobooouobbOoooboboooooobn
.Jooooooo0.oooobbbboboooooooDbDb ocobobboboooo
goobooooobobooo.ooobooobbooooboooobanb
ggogao

OooooooOodg
Ooooooogdg
Oooooooodg
Oo0oooogg
O o0Doooogdg
Oooooooogdg
O oo ooogdg
OoooooooQgdg
O Oooooogdg
Oooooooogodg
O Oooooogdg
OooooooQgodg
Ooooooogdg
Oooooooodg
Ooooooogdg
Oooooooodg
Oooooooogdg
OO0 oooogdg
Ooooooogdg
O oo oooggdg
Ooooooogdg
O Oooooogdg
OoO0oo0ooogdg
OooOoo0oooOod
OoOoo0oooogdg
OooOoo0ooood
Ooo0ooooogd
OOo0o0oooogdg
OooOoooooQgod
OoOoo0oooogd
OooOoo0ooooQod
OoOoo0oooogd
Oooo0ooood

Ooooocoooooooooooondg
OooooooOgodg

Oooooooooooogogoooodg

ooooboooono

oogoboooooboooogao
ugugobooooobobooogdd
(coooboov/0 .000ODO0ODO

O
U
t
O
g
t
u
O
g
u
O
U
u
O
O
g
u
O
g
t
0
U
t
u
O
g goooobooooobboogao

I ey e e s e e e sy A s [ |
Oo0ogoooboo0 oo oo oo oDoogog4goooooogd
Ooo0ooooooo0 oo oo o0 oo oDoo o0 ooooogodg

O 0Ooo0ooo
O Ooogooao
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O 0Ooooo
O O0Oogogao
O 0Ooooo
O O0Oogoao
O 0Ooooo
O Ooogoao
O 0Ooo0ooo
O Ooogooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooao
O O0Oogoao
O 0Ooooo
O O0Oogoao

.2

10

20

30

40

50



OooooooooooQgogoao
OO0 oDoooogooooogogaog

-.00og.

oo oDoooQgoooo
oo oDooogog4Qgoooog

203

204

OooooooooooQgogoao

oo ooooQgoooo

OooDoooooooogogao

oo oDoogQgoooog

Ooooooo0o0oooooo0oooDooooooooodg
Oo0ooOoooo4odooooo4ooooDooogoooooogodg

O o0ooo
O oOooo
O o0Ooo
O oOooo
O 0Ooo

O O0ooo
O Oooo
O 0Ooo
O oOooo

O Ooo0ooao
O Ooooao

Ooooooogoo

OooOoooo:e
O Ooo0ooao
O Ooooo
O O0OoOgooao

m

O

O

O Ooo
O [ |
OJ O d
O 0Oooo
O Oooo

O
O
O O oo

O 0o oo
O Oooo
I Y o [
[ |
O d
O 0o oo

ooooao
-0o0g.o
oooono
ooo.0oon

i R |

(15)

JP 2012-22002 A 2012.2.2

ooooboOoOoooooooooao
goooogao
ooooboooooboooooobooao

O
O
O
O
O
O
O
O
O

goooogao
ugoooogao
gooooooao
ooooogao

O Oooo
O O oo
O Oooo
O 0o oo
O 0Oooo
O Oooo
O 0o oo
O Oooo
O 0o oo

ooooObbOoooooooobooao
O0ooooboobboooooao

uogbobooooboobboooobbooooboooooban
o.0oooooobbboooooooobooboboooan

oooooOoo0oano
oooooooono
ooooboooogooan
uggoboodd

ooooboooonon
uoogooooogoan
oooooOoOo0o0oao
oooooooonon
oooooDOoOO0o0oao
0oo.ocoooao
ooooboooonon
oooboooooan
ooo.ooo.0oo
oooooooonon
oooooDOoOO0o0oao
oooboooonon
gogoboodoooan
oooooOoOo0o0oao

gooao

NADYE

ooooboooo.ogoobao
uoooboooooooogdo
O.00ooooooboboooan
gooooooooboogao

O 0o oo
I [ o [

goooooOboobooooooao
goooooooboogao
gboboooooobooogooao

O oOooo
O
O

A RIEDBE: ST T 74— A—TU T EDOEL (1 ~8DHELRIE
Ehp)

REAA—SUTIZEDRE

B: i BEOMARTOEFMEEICE T IELE, GBELRICHTS

BRONNERIIRRT D

EEEN(FT

10

20



ooon
CTCH IV MIERY (XL

RITHEHHE

BAS VECTC (84D

R RN

<0

I3RILC: CTCDR AN

HBLTT. BmIfYSRBNCTC

2KRILA: BB AL

BrELGL

. .
.
1. .
. rLoy=-0.22-0.29
.o
.
:
.

.
s . . .
1. o *. .
e~ . ey

0123 4 5 86 7 8510111213 14 1530 60 90 120 150 180 210 240 S6GEETD

BEICK DL AECTCH I

ogogao
CTCOFEADFRISHAMISETIRERELEETSD

BOHINE:

anaiz

#¥B

ez

g e
5
g #
s &
: 3
- )
g s @2
=il HeEca
%
#a
S e
£ &3
& {&.2

a2 Sremz
NE (R—R5A2- A% v T ROH)

13D CTCIE A1

2
Ros
[
i [ a—
zRasfgziisiecvas
OLOVNFIERING L
2 e 2 R
& oaf &ous
[ Bows oEE
u ® §5 B0
#iyd
- s z
z £ z
= mmas a
H] #7178, B 2
=3 e L H
5 diggs §
«m% ] @
EEEE =l 2z
qEg® 2 HNEE &= B
SFs€ =R SLE
L2 N = i o
e = 25l |~ W oo S
LR 5§ WS
© A ~ &
*im:m ®
=S w %
%= 2 == oo
o - = T3
& 5 < =
¥ . - £
Py £ A &
gl . ®
s 5
- =
AN
v EE U
; 5}
2
(6]
a
2
o
b3

OLOQM R HEING L

REERS:
B0BDREDEEN DD
37 F—RET Ak

H

o

sz

TABOREBEENLD
17F 8T A0k

w
TR G

a4

anzioa

[

Thons

(16)

B AECTC (B Z)

AthOhR{EPFS

JP 2012-22002 A 2012.2.2

CTCOEMIFEITRBEBLRNET S

7.0

[ il

EERE:
T4BORESBENLD
15F—Bu5 Ak
T ‘ 8
U . — O SO S PN
&—154>miﬁémtm<crc&zﬁﬂa%$ 'JU‘CU}W*@PF{:S" 75




) JP 2012-22002 A 2012.2.2

ooono gooao

. 3L A
R A
100%] 100%) gn—=7 HE N (%)
90%] 20%- 1 EFRAFTOS CTC 83 (47%)
80%] g 2 NAATCOZERFVBEIFEMCOLBMFLATOECTC 38 (21%)
S 70% 80%~ 3 BEIOIETO <SHEIUBHEIEICO LI 1A TDZE CTC 17 (10%)
& # eo';/r # 4 ETOBMAALFTOZ5 CTC 39 (229%)
Egg 5o=/: WoT0EA f§ o
o H -1
g‘ x;’:’ <5 CTC (n=00) E": 60%
20 b §0%---=-}-"=
H 5]
1:3"’ | 25CTC (n=87) l% 40%-] )
| i |
05 1015 20 25 30 35 AD 45 50 55 60 6570 75 80 # sou
| %]
R—R A RN OB 1 GBR) 20% 1
10%-~
ALY 4:) 0%
. S S L L S s S A e s
100%] 6 2 4 6 8 40 12 14 16 18 20 22 24 26 28 30
0% R=RSAVIMBRRA LD (F)
"
80%1 IFB
f*& 70%
& 60% 100%~
S sy ~TO% A
%]
{% % @A <5CTC (n=90) 0%
# o] e M
13:’:: 5 CTC (n=67) @ 0%
TR R E R ERE ST g o
ARG BRI A OBERS (AR s %
W
H
30%-
20%
10%~
0%

T LA I 0 L SO NS S s
0 2 4 8 8 10 12 14 16 18 20 22 24 26 28 30
R=ASAVMBFROLDEM(A)



(18) JP 2012-22002 A 2012.2.2

gooooboooood

(7000 0O0O0O00000O0O00O0000O0
00000000000000000000000000000000000000000000
0oo

(72000 000000000000
000000000000000000000000000000000000000

(7000 00000000000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
000000000000000000

(72000 0000000000000
00000000000000000000000000000000000000000000
0ooo

(7000 000000000O000000000000
00000000000000000000000000000000000000000000
0ooo0oo

0000 (00) 26045 AA26 BA13 BBO3 CBO1 FBO3

0000 OO 4B063 QAOL QA0S QA18 QQ02 QQ08 QQ41 QROS QR32 QR42 QR4S

0000 OO0 QR50 QR72 QR77 QR83 QS15 QS25 QS28 (QS33 (QS34 (QS36

0000 OO QX01 QX02



(19) JP 2012-22002 A 2012.2.2

gogooodoagdo

WO H006/104474 PCT/US2ZMO5/00860)

Title: A method for predicting progression free and overall survival at each
foliow-up fime point during therapy of melastatic breast cancer patients using

circulating tumor cells.

Inventors: Jeffrey W. Allard, Gerald V. Doyle, Danigl F. Mayes, Michae!
Craig Miller, Leon W .M M Terstappen

Cross-Reference to Related Applications

This is & non-provisional application which claims priority to
PCTAISG4/005848 (WO 2004/076643), flled February 28, 2004 which clalms
priority of provisional Applications 60/450,818, filed February 27, 2003, and
80/524,759, filed November 25, 2003. Each of the aforementioned

applications is incorporated in full by reference herain

Background

»  Field of the Invention

The invention relates generally o cancer prognosis and survival in
metastatic cancer patients, based on the presence of morphologically intact
circulating cancer cells (CTC) In blood, More specifically, diagnostic methods,
reagents and apparstus are described that correlate the presence of
circulating cencer ceils in 7.5 mi of blood of metastatic breast cancer patients
with time 1o disease progression and survivability, Circulating tumor cells are
determined by highly sensiive methodologies capable of isolating and
imaging 1 or 2 cancer cells in approximately 510 50 mi of peripherat bipod,
the level of the umor cell number and an increase in umor cell number during
freatment are correlated to the time to progression, fime o death and

response 1o therapy.

+  Background Art
Despite efforts to improve treatment and management of cancer

patients, survival in cancer palients has not improved over the past two
decades for many cancer types. Accordingly, most cancer patienis are not

wiled by their primary tumor, but they succumb instead to metlasiases.
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muttiple widespread fumor colonies established by maﬁgnam‘cel%s that detach
themseives from the origingl tumor and travel through the body, ofien to
distant sites. The most successful therapeutic stralegy in cancer is early
detection and surgical removal of the tumor while stil organ confined. Early
detection of cancer has proven feasible for some cancers, particularly where
appropriate diagnostic lesis exist such as PAP smears in cervical cancer,
mammography in breast cancer, and serum prosiate specific antigen {(PSA} in
prostaie cancer.  However, many cancers detected at early stages have
established micrometastases prior to surgical resection.  Thus, early and
accurate determination of the cancer's malignant poteniial is important for
setection of proper therapy.

Optimat therapy will be based on a combination of diagnostic and
prognostic information.  An accurate and reproducible diagnostic iest is
needed to provide specific information regarding the metasiatic nature of a
particular cancer, together with a prognostic assessment that will provide
spacific information regarding survival.

A properly designed prognostic test will give physicians information
about risk and likelibood of survival, which in furn gives the palient the benefit
of not having 1o endure unnecessary treatment.  Palient morale would aiso be
hoosted from the knowledge that & selecled therapy will be effective based on
a prognostic test.  The cost savings associated with such 2 fest could be
significant as the physician would be provided with a rationale for replacing
ineffective therapies. A properiy developed diagnostic and prognostic data
bank in the treatment and detection of meiasiatic cancer focusing on survival
obviously would provide an enormous benefit to medicine (US 8,063,588).

¥ a primary tumor is detected sarly enough, ¥ can ofien be eliminated
by surgery, radiation, or chemotherapy or some combination of those
treatments.  Unfortunately, the metastatic colonies are difficult o detect and
eliminate and I is often impossible to freat ali of them successfully. Therefore
from a clinical poini of view, metastasis can be considerad the conclusive
event in the natural progression of cancer. Morsover, the abllity to

metastasize is a property that uniguely characterizes a malignant tumor,

JP 2012-22002 A 2012.2.2
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Soluble Tumor Antigen:

Based on the complexity of cancer and cancer metasiasis and the
frusiration in treating cancer patients over the years, many attempts have
been made o develop diagnostic tests to guide treatment and monitor the
effects of such freatment on metasiasis or relapse.

One of the first attempts to develop & useful fest for diagnostic
oncology was the formulation of an immunoassay for carcincembryonic
antigen {CEA). This anfigen appears on fetal cells and reappears on fumor
celis in cerlain cancers. Extensive sfforts have been made to evaluate the
usefulness of testing for CEA as well as many other Mlumor” antigens, such as
prosiate specific antigen (PSA), CA 153, CA 125, prostate-specific
membrane antigen {(PSMA), CA 27.29, pZ7 found in asither tissue samples or
niood as soluble cellular debris, These and other debris antigens are thought
o be derived from destruction of both circulating and non-circulating tumor
cells, and thus their presence may not always reflect melastatic potental,
aspecially ¥ the celis rupture while in an apopiotic slate.

Additional tests used to predict turmor prograssion in cancer patients
have focused upon correlating enzymatic indices like telomerase activity in
biopsy-harvested tumor samples with an indication of an unfavorable or
favorable prognosis {US 5,693,474; US 5639613} Assessing enzyme
acthily in this iype of analysis can involve time-consuming laboratory
procadures such as gel electrophoresis and Western blot analysis.  Also,
there are variations in the signal to nolse and sensifivity in sample analysis
based on the orgin of the fumor. Despite these shortcomings, specific
soluble tumor markers in blood can provide a rapid and efficlent approach for
developing a therapeutic strategy early in treatment.  For exampie, detection
of serum HER-2/neu and serum CA 15-3 in patients with metastatic breast
cancer have been shown fo be prognostic factors for metastatic breast cancer
(AL S M., Leitzel K., Chinchill V.M., Engle L., Demers L., Harvey HA., Camey
W., Allard JW. and Lipion A., Relationship of Serum HER-Z/neu and Serum
CA 153 in Patients with Metastatic Breast Cancer, Cilinical Chemistry.
48{B) 1314-1320 (2002)). .ncressed HER-2/nsu resulis in decreased
response o hormmone therapy, and is a significant prognostic factor in
pradicting responses to hormone receptor-positive metastatic breast cancer.

3
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Thus in malignancies where the MER-Z/neu oncogene product is associated,
methods have been described 1o monitor therapy or assess risks based on
alevated levels {US 5876,712). However in both cases, the base leveis
during remission, or even in healthy normals, are relatively high and may
overlap with concentrations found in pafients, thus requiring mulliple testing
and moniforing to esteblish patient-dependent baseline and cut-off levels.

n prostate cancer, PSA levels in serum have proven 0 be useful in
early detection. When used with a follow-up physical examination (digital
rectal exam) and biopsy, the PBA test has improved detection of prostate
cancer &t an early stage when it is best reated.

However, PSA or the related PSMA lesting leavas much to be desired,
For example, elevaied levels of PSA weakly correlate with disease stage and
appear not to be a reliable indicator of the metastatic potential of the tumor.
This may De due in part Io the fact that PSA is & component of normal
progtate tssue and benign prostatic hyperpiasia {BHP) tissue. Moreover,
approximately 30% of patients with alleged localized prostate cancer and
corrgsponding low serurn PSA concenirations, may have metasiatic disease
(Moreno et al., Cancer Research, 52:61 10 (1892)).

Genetic markers:

One approach for delermining the presence of malignant prostate
wumor cells has bean to test for the expression of messenger RNA from PSA
in bicod, This is being done through the laberious procedure of isolating all of
the mRNA from the blood sample and performing reverse transcriptase PCR.
Mo significant correlation has been described belwsen the presence of shed
tumor cells in blood and the ability to identify which patienls would benefil
from morg vigorous freatment (Gomella LG, J of Urolegy, 158:328-337
{1997Y). Additionally, false positives are often cbserved using this technigue,
There is an added drawback, which is that there s a finite and practical limit to
the sensitivity of this technique based on the sample size. Typicaily, the fest
is performed on 10% o 10% cells separated from interfering red blood cells,
corresponding o a practical Jower limit of sensitivity of ane tumor cell0.1 miof

blood {about 10 fumor cells in one mi of blood} before a signal is delected.

JP 2012-22002 A 2012.2.2
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Higher sensitivity has been suggested by deftecting hKZ RNA in tumor celis
isolated from blood (US §.479,263, US 6,235,486}

Qualitatve RT-PCR  based siudies with bicod-based nudleotide
markers has besn used {o indicale that the potential for disease-free survival
for patients with positive CEA mRNA in pre-operative blood is worse than that
of patients negative for CEA mRNA (Hardinghem J.E., Hewett PJ., Sage
RE., Finch J.1., Nuttal J.D., Kotasel D. and Dovrovic A, Molecular detection
of blood-borne epithelial cells in colorectal cancer patiends and in patients with
henign bowel disease, Int. J. Cancer 8%:8-13 (2000} Taniguchi T., Makino M.,
Suzuki K, Kaibara N., Prognostic significance of reverse iranscriptase-
polymerase chain reaction measurement of carcinoembryonic antigen mRNA
levels in tumor drainage blood and peripheral blood of patients with colorectal
carcinoma, Cencer 88:970-876 (2000)). The prognostic value of this endpoint
is dependent upon CEA miRNA levels, which are also induced in healthy
individuals by G-OS8F, cytokines, steroids, or anvironmental factors. Hence,
the CEA mRNA marker facks specificity and is clearly not unique to circulating
oolorectal cancer celis. Other reports have Implicated tyrosinase mRNA in
peripheral bloed and bone marrow as a marker for malignant melanoma in
stage H-IV patienis (Ghossein R.A., Coit D, Brennan M., Zhang ZF., Wang
Y., Bhattacharya 8., Houghton A., and Rosal J., Prognostic significance of
peripheral blood and bone marrow tyrosinase messenger RNA in malignant
malanema, Clin Cancer Res., 4{2y419-428 (1998]}. Again using iyrosinase
mRNA as a soluble tumor marker is subiect to the previously cited limitations
of soluble tumor antigens as indicators of melastatic potential and pafient
survival.

The aforementioned and other studies, while seemingly prognestic
under the experimental conditions, do not provide for consistent data with a
tong follow-up period or at a satisfactory specificity.  Accordingly, these efforts
have proven to be somewhat futlle as the appearance of mRNA for antigens
in blood have not been generally predictive for most cancers and are ofien
detected when there is fitte hope for the patient.

In spite of this, real-ime reverse franscriptase-polymerase chain
reaction {(RT-PCR) has been the only procedurs reported to comrrelate the
guantitative detection of circulating fumor celis with patient prognosis. Real-

5
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time RT-PCR has been usad for guaniifying CEA mRNA in peripheral bloog of
colorectal céncer patients (to S., Nakanishi #,, Hiral 7., Kato T., Kodera Y.,
Feng Z. Kasai Y., HRo K. Akiyama 8., Nakao A., and Tatematsu M,
Quantitative delection of CEA expressing free tumer celis in the peripheral
blood of colorectal cancer patients during swrgery with real-ime RT-PCR on a
Light Cycler, Cancer Letters, 183:185-203 (2002)). Using Kaplan-Meier type
analysis, disease free survival of patients with positive CEA mRNA in post=
operative blood was significantly shorler than in cases that were negative for
CEA mRNA. These resuifs suggest that tumor cells were shed info the
bloodstream {possibly during surgical procedures or from micro metastases
alrsady existing at the time of the operation), and resulled in poor patient
outcomes in pafients with colorectal cancer. The senslivity of this assay
provided a reproducibly delectable range similar in sensitivity to conventional
RT-PCR. As menfioned, these detection ranges are based on unreliable
conversicns  of amplified product 1o the number of tumor zells.  The
extrapolated cell count may include damaged CTC incapable of metasiatic
profiferation.  Further, PCR-based assays are limiled by possible sample
contamination, along with an inability to quantify tumor celis. Most importantly,
methods based on PCR, flowoytomelry, cyloplasmic enzymes and circulating
fumnor anfigens cannot provide essentlal morphologleat Information confirming
the structural infegrity underlying metiasialic potential of the presumed CTC
and thus constitute functionally less reliable surrogate assays than the highly

sensitive imaging methods embodied, in part, in this invention.

Assessment of intact iumer cells In cancer delection and prognosis:

Detection of intact tumor cells in blood provides a direct link {o
racurrent  metastatic  disease in cancer patienls who have undergone
resection of thelr primary tumer.  Unfortunately, the same spreading of
malignant cells continues to be missed by conventional tumor staging
procedures.  Recent studies have shown that the presence of a single
carcinoma cell in the bone mamow of cancer patients is an independent
prognostic factor for matastatic relapse (Digl I, Kaufman M, Goemer R,
Costa 8D, Kaul 8, Bastert G. Detection of tumor cells in bone marrow of

patients with primary breast cancer; a prognostic factor for distant melastasis.
it

JP 2012-22002 A 2012.2.2
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J Chn Oncol, 10:1534-1538, 1992). Buf these invasive techniques are
deemed undesirable or unacceptable for routine or mulliple clinical assays
compared {o detection of disseminated epithelial tumor calls in blood,

An aliernaiive approach incorporates immunomagnstic  separation
technology and provides grealer sensitivity and specificlty in the uneguivocal
detection of intact circulating cancer cells.  This simple and sensitive
diagnostic tocl, as described (US6.365,382; USE,551 843 US6,623.882;
US6,620,627; USE.845.731;, WO 02/077604; WOU3/065042;, and WO
83/019141) & used in the present invention {o correlale the siatistical
survivability of an individuatl patient based on a threshold level of greater than
or equal to 5 tumor celis in 7.5 10 30 mi biood (1 to 2 tumor cells correspond to
about 3000 to 40060 total tumor cells in circulation for a given individuatl).

Using this diagnosiic tool, a bicod sampie from a cancer patient (WO
G3/418757) is incubated with magnetic beads, coaled with antibodies direcled
against an epithelial cell surface antigen as for example EpCAM, After
laheling with ant-EpCAM-coated magnetic nanoparticies, the magnelically
labeled cells are then isolaled using a magnelic separaior. The
immunomagnetically enviched fraction is further processed for downstream
immunocytochemical analysis or image cylomeiry, for example, in the Call
Spotter® System {lmmunicon Corp., PA)Y The magnetic fraction can aiso be
used for downsiream immunoccylochemical analysis, RT-PCR, PCR, FISH,
flowcytometry, of other iypes of image cytometry.

One embodiment of the present invention includes image cylomstry
aftfer immunomagnetic selection and separation o highly enrich and
conceniraie any epifhelial cells preseni in wheole blood samples.  The
captured cells are delectably labeled with a leukocyte specific marker and
with one or more tumor cell specific fluorescent monoclonal antibodies to
allow identification and enumeration of the caplured CTCs as well as
uneguivocal Instrumental or visual differentiation from contaminating non-
target cells. At an exdraordinary sensitivity of 1 or 2 epithelial cells per 7.5- 30
mi! of blood, this assay allows umor cell detection even in the early slages of
low tumor mass. The embodiment of the present invention is not limited {o
image cytometry, but Includes any isolation and imaging protocol of

comparable sensitivity and specificity.
7
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Currently available prognostic profocols have nol demonstrated a
consistently reliable means for correlating CTCs to predict prograssion free-
ar overall survival in patients with cancers such as metastatic breasl cancer
{MBC). Thus, there is a clear need for accurate detection of cancer cells with
metastatic potential, not only in MBC bul in melasiatic cancers in general,
Morenver, this need is accentuated by the need 10 select the most effactive
therapy for a given patient. We previously described a method for predicting
prograssiion free or overall survival in patients with the first follow-up after
ciagnosis (WO 2004/076643). In this method, 25 circulaling tumor cells
{CTCs) in 7.5mi_ of hiood is associated with poor clinical outcoume.  in the
present invention, we provide a method for predicting progression free and
overall survival at each follow-up Hme point duwring therapy of melasiatic

breast cancer patienis.

Summary of the Invention

The present invention & a method and means for cancer prognosis,
incorporating diagnostic fools, such as immunomagnetic enrichment and
image cylometry, in assessing iime io disease progression, survival, and
rasponse fo therapy based upon the absolute number, changs, or
combinations of both of circulating epithelial cells in patients with metastatic
cancer af any ¥me during therapy to provide an accurate indication of
emerging rapid disease progression and moriality for metasiatic breast cancer
patients. The system immunomagnetically concentrates epithelial ceils,
fiuorescently labels the cells, identifies and guantifies CTCs for positive
enumeration. The statistical analysis of the cell count predicls survival,

More specifically, the present invention provides the apparatus,
methods, and kits for assessing palient survival, the time to disease
prograssion, and response to therapy in MBC, Prediction of survival is based
upon a threshold comparison of the number of circulating tumor cells in blood
with time to dealh and disease progression. Statistical analysis of long term
follow-up studies of patients diagnosed with cancer established a threshold for
the number of CTC found in blood and prediction of survival, An absence of
CTCs s defined as fewer than 5 morphologically intact CTCs. The presence
or absence of CTCs to predict survival is useful in making treatment choices.

&
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For example, the absence of CTCs in @ woman previously untreated for
meiasiatic breast cancer could be used o select hormonal therapy vs
chemotherapy with less side effects and higher quality of life. In contrast, the
presence of CTCs couid be used to select chemotherapy which has higher
side effects but may prolong survival more effectively in a high risk popuiation.
Thus, the invention has a prognostic role in the delection of CTCs in women

with metastatic breast cancer.
Brief Description of the Drawings

Figure 1. Cell Spotter® fluorescent analysis profile used to confirm objecis
captured as tumor cells. Check marks signify a positive tumor cell baged on
the composite image, Composite images are derived from the positive
sefection for Epithelial Celt Marker {(EC-PE) and for the nuciear dye (NADYE).
A negative seleclion is aise needed for the leukocyte marker {L-APC) and for
control (CNTL).

Figure 2: Comparison of diagnostic methods 1o measure changes in tumor
status. Shown is the current standard of physical measurement of discrste

tesions using radiographic imaging (Panet A). A mode! illusirating the ability
to assess changes in metastatic cancer burden by counting the numbers of
CTC in blood is shown (Panel B).

Figure 3; Lack of correlation between the number of CTCs and tumor size in

69 patienis.

Figure 4: Changes in the numbers of CTCs in patients with a partial
response 1o therapy orwith a stable disease state. CTCs either decreased or

remained undeteciabie in all cases.

Figure 5: Changes in the numbars of CTCs in patierts with disease
progression, CTCs either increased or remained undetectable with disease

PIOYression.
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Figure 6: Patienf irends in the number of CTCs.  Panel A shows a typlcal
patient with less than 5 CTCs per 7.5 miof blood. Panel 8 shows a typical
patient with a decrease in CTCs during the course of therapy. Panel C
shows a lypical patient with a decrease in CTCs followed by an increase.

Pane! D shows a typical patient with an increase in CTCs.

Figure 7: Determination of an optimal CTC cutoff for distinguishing MBC
patients with rapid progression. Analysis was performed using the CTC
numbers obtained at baseline from the 102 patients included in the fraining
sef. Madian PFS of patients with greater than or egual 1o the selected
muimber of CTC in 7.5mL of blood is indicated by the solid ne and median
PFS of patients with less than the selected CTC level is indicated by the
dashed line. Median PFS decreased as CTC increased and reached &
plateay that ieveled off &f 5 CTC {(indicated by the vertical line). The black dot
indicates the median PFS of -5.9 months for all 102 patienis. The selected
cutoff of =5 CTC/7.5mi_ was usaed in all subseguent analyses.

Figure 8: The predictive value of baselineg CTC for PFS and 08,
Probabilities of PFS and 03 of MBC patienis with <5 {black fine) and >5 (gray
fing) CTCs in 7.5mi_of blood using the bassline blood draw prior to initiation
of a new line of therapy are shown. PFS and OS were calculated from the
time of the baseline blood draw.. Panet A:the probability of PFS using the
baseline GTC count (n=177, log-rank p=0.0001 , CoxHR =1.95, chi=15,33,
p= 0.0001 ). Panel B: the probability of 08 using the baseline CTC count
{n=102, log-rank p=0.0003, CoxHR =3.88, chi? =12.64, p= 0.0004).

Figure 9: Kaplan-Meier piot of CTC levels pricr to and up to 15-20 weeks
after the initiation of therapy to predict time to clinical progression or death
{Figurs 9A} or the time to death {Figure 9B) from the date of the baseiine
biaod draw In 177 patients with metastafic breast cancer. Four different
groups of patients are compared; Group 1, 83 {47%) patients with <5 CTCs
at all blood draw time points; Group 2, 38 (21 %) patients with 25 CTCs prior
o the initiation of therapy bul who had decreased to <5 CTCs at the time of
their final blood draw; Group 3. 17 (10%) patients with <5 CTCs pricrto the
1
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initiation of therapy who increased 1o >5 CTCs at the time of thelr last blood
draw; and Group 4, 39 {(22%) pafients with »5 CTCs at all biood draw time

points

Detaited Description of the Invention

The object of this invention provides for the detection of circulating
tumor cells as an early prognestic indicator of patient survival.

Under the broadest aspect of the invention, there s no limitation on the
collection and handling of samples as long as consistency is maintained.
Accordingly, the calls can be obtained by methods known in the art

While any effective mechanism for isolating. enriching, and enalyzing
CTCs in blocd s appropriate, one method for collecting circudating tumor cells
combines immunomagnetic enrichment {echaolegy, immunofluorescent
labeling technology with an appropriate analvtical platform after initial blood
draw. The asscoiated test has the sensitivity and specificity to detect these
rare cells in a sample of whole blood and te investigate their role in the clinical
course of the disease in malignant tumors of epithelial origin.  From a sample
of whole blood, rare cells are detected with a sensitivity and specificity to
allow them 1o be collected and used in the diagnostic assays of the invention,
namely pradicting the clinical course of disease n malignant tumors.

With this technology, circulating fumor cells {CTC) have been shown fo
exist in the blood in deteciable amounts. This created a ool to investigate the
significance of celis of epithetial origin in the peripheral circulation of cancer
patients {Raclla £., Euhus D., Weiss AJ,, Rao C |, McConnell J., Terstappen
LW.MM. and Uhr LW, Detection and characterization of carcinoma cells in
the blood, Proc. Natl. Acad. Sci. USA, 95:4588-4884 {1988}, This study
demonsirated that these blood-borme cells might have a significant role in the
pathophysiology of cancer. Having a detection sensitivity of 1 epithelial ceil
per 5 miof blood, the assay incorporetes immunomagnetic sample
ansichment and fluorescent monocional antbody staining followed by
floweytometry for a rapid and sensilive analysis of a sampie. The resulls
show that the number of epithelial cells in peripheral blood of eight patients
treated for metastatic carcinoma of the breast correlate with disease
progression and response o therapy. In 13 of 14 patients with localized

H

JP 2012-22002 A 2012.2.2



(30)

WO 2006/104474 PLTUSZ005/008002

disease, 5 of 5 patients with iymph node invoivement and 11 of 11 palients
with distant metastasis, epithelial cells were found in peripheral bivod. The
number of epithelial cells was significantly larger in patients wilth exiensive

disease.

The assay was further configurad to an image cytometric analysis such
thal the immunomagnetically enriched sampie is analyzed by image cylometry
(see Exampie 1. This is a fluorescence-based microscope image analysis
system, which in confrast with flowcytomelric analysis permits the
visualization of events and the assessment of morphologic features to further
identify objecis.

Automated fluorescence microscopic system, used for automated
enumeration of isolated cefis from blood, allows for an integrated computer
controlled fiucrescence microscope and automated stage with a magnetic
yoke assembly that will hold a disposable sample cartridge. The magnestic
yoke is designed fo enabie ferrofluid-labeled candidaie tumor celis within the
sample chamber to be magnetically localized o the upper viewing susface of
the sampie carlridge for microscopic viewing. Software presenis suspect
cancer cells, labeled with antibodies 1o cytokeratin and having epithelial origin,
to the operator for final seiection.

While isolation of fumor cells can be accomplished by any means
known in the anl, one embodiment uses a3 cell stabilization and
permeabilization procedure for isolating tumoer cells in 7.5 mi of whole bleod.
Epithelial celi-specific magnetic particles are added and incubated for 20
minutes. After magnetic separation, the cells bound o the Immunomagnstic-
tinked antibodies are magnetically held at the wall of the tube. Unbound
sample is then aspirated and an isotonic solution s added to resuspend the
sample. A nucleic acid dye, monocional antibodies to cytokeratin (a marker of
epithelial cells) and CD 45 (a broad-spectrum leukocyte marker) are
incubated with the sample. After magnetic separation, the unbound fraction is
again aspirated and the bound and labeled cells are resuspended in 0.2 miof
an isotonic solution. The sample is suspended in a cell presentation chamber
and piaced in a magnetic device whose field orients the magnetically labeled

cells for fluorescence microscopic examinafion. Celis are identified
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aufomatically and candidate chircuiating tumor cells presented to the operator
for checklist enumeration, An enumeration checklist consists of
predetermined morphologic criteria constituting a complete cell {see example
13-

The diaghostic potential of immunomagnetic enrichment and image
cytometry, together with the use of infact circulating tumor cells as a
prognostic factor inn cancer survival, can provide a rapid and sensitive method
for determining appropriate freatment. Accordingly in the present invention,
the apparatus, method, and kits are provided for the rapid enumeration and
characierization of fumor cells shed inio the biood in metastatic and primary
patients for prognostic assessment of survival potential.

The methods of the invention are useful in assessing a favorable or
unfavorable survival, and even preventing unnecessary therapy that could
result in harmful side-effecis when the prognosis is favorable. Thus, the
prasent invention can be used for prognosis of any of a wide varisty of
cancers, including without limitation, solid tumors and leukemia's including
hightighted cancers: apudoma, choristoma, branchioma, malignant carcinoid
syndrome, carcinoid heart disease, carcinoma {i.e. Walker, basat cell,
basosquamous, Brown-Pearce, ductal, Ehrlich tumor, Krebs 2, merke! call,
mucinous, aon-siall cell ung, cal cell, papifiary, scirthous, bronchiolar,
bronchogenic, squamous cell, and transitional cell}, histiocytic disorders,
leukenia (i.e. B-call, mixed-cell, null-cell, T-cell, T-cell chronic, HTLV-Ii-
associated, lymphocytic acute, lymphocytic chronic, mast-cell, and mysioid),
histiocytosis maiignant, Hodgkin's disease, immunoproliferative small, non-
Hodgkin's lymphoma, plasmacytoma, reficuloendotheliosis, melanoma,
chondroblastoma, chondroma, chondrosarcoma, fibroma, fibrosarcoma, giant
cell wmors, histiocytoma, lipoma, fiposarcoma, mesothelioma, myxoma,
myxosarcoma, osteoma, osteosarcoma, Ewing's sarcoma, synovioma,
adenofibroma, adenclymphoma, carcinosarcoma, chordoma,
craniopharyngioma, dysgerminoma, hamarioma, mesenchymoma,
mescnephroma, myosarcoma, ameloblastoma, cementoma, odonioma,
teratorna, thymoma, frophoblastic tumer, adenocarcinama, adenoma,
cholangioma, cholesteatoma, cylindroma, cystadenccarcinoma,

cystadenoma, granulose cell tumor, gynandroblastoma, hepatoma.
13
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hidradenoma, islet cell tumor, oydig cell tumor, papilioma, Serteli cell tumor,
theca cell umer, ieiomyoma, lelomyosarcoma, myoblastoma, myoma,
myosarcoma, rhabdomyoma, rhabdomyosarcoma, ependymoma,
gangitoneuroma, gioma, medulloblastoma, meningioma, neurilemmoma,
neurcblastoma, newrcepithelioma, neurofibroma. newroma, paraganghioma,
paraganglioma nonchromafiin, angiokeratoma, angiolymphoid hyperplasia
with eosinophiliia, angioma scleresing, angiomatosis, glomangioma,
hemangicendothelloma, hemangioma, hemangiopericytoma,
hemangiosarcoma, lymphangioma, lymphangiomyoma, lymphangiosarcoma,
pinealorma, carcinosarcoma, chondroscargoma, cysiosarcoma, phyliodes,
fibrosarcoma, hemangiosarcoma, ieiomyosarcoma, leukosarcoma,
fiposarcoma, lymphangiosarcoma, myoswarcoma, myxosarcoma, ovarian
carcinoma, rhabdomyosarcoma, sarcoma (G.e. Ewing's experimental, Kaposi's
and mast-cail}, neoplasms (l.e. bone, breast, digestive system, colorectal,
lver, pancreatic, pituitary, testicular, orbital, head and neck, central nervous
system, acoustic, pelvic, respiratory fract, and urogenital, neursfibromatosis,

and cervical dysplasia.

The foliowing examples ilustrale the predictive and prognostic value of CTCs
in biood from patlents. Note, the following examples are offersd by way of

ilustration and are not in any way intended o fimit the scope of the nvention.

+  Example 1
Enumeration of circulating cytokeratin positive celis using CeliPrep™

Cytokeratin positive ceils are isolated by a cell preservalive system
using a2 7.5 mi sample of whole Dblood. Epithelial  cell-specific
immunomagnetic fiuid is added and incubated for 20 minutes. After magnetic
separation for 20 minutes, the celis bound {o the mmunomagnetic-linked
antibodies are magnetically held at the wall of the tube. Unbound sample is
then aspirated and an isotonic solution s added fo resuspend the sample. A
nucleic acid dye, monoclonal antibodies to cytokerstin {a marker of epithelial
cells) and CD 45 {a broad-specirum leukocyte marker) are incubated with the
sample for 15 minutes. Afler magnetic separafion, the unbound fraction is

again aspirated and the bound and labeled cells are resuspended in (.2 miof
14
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an isctonic solulion. The sample is suspended in a cell presentation chamber
and placed in a magnetic device whose field orients the magnetically labeled
celis for fluorescence mucroscopic examination. Cells are identified
automalically; confrol cells are enumerated by the system, whereas the
candidaie circulating fumor celis are presentad to the operator for

enumeration using a checkiist as shown (Figure 1).

+  Exampie 2
Assessment of the tumor load: Comparison between radiographic

image analysis and the absolute number of CTCs.

Radiographic measurements of metastatic lasions are currently used {o
assess tumor load in cancer patients with metastatic disease. in general, the
largest lesions are measured and summed to cobtain a tumor load. An
axample of a bidimensional measurement of a liver metastasis in a breast
cancer patient is Hlustrated in Figure 2A. A model depicting the necessity for
measuring fumor kpad in the biocd sirgam s Hlusirated in Figure 28 as a
measurement of the actual active tumor load, and thus a belier measure of
the overall activity ¢f the disease. To determine whether or not the absolule
number of CTCs comelated with the dimension of the tumor measured by
imaging a prospective study in patients with MBC was performed.

Image cytomeiry was used to enumerate CTCs in 7.5 mi of blood from
&9 patients with measurable MBC. Tumor load was assessed by bin
dimansional radiographic measurements of up to 8 measurable lesions before
initiafion of therapy. The tumor load was determined by addition of the
individuad measurements {mm?. CTCs were enumerated in blood drawn
hefore inifiation of therapy.

Figure 3 shows the number of CTCs v 7.5 mi versus the
pidimensicnal sums of fumor measurements in the 69 patients. From Figure
3, there is no correlalion betwsen the size of the tumor and the absociute
number of lumor cells in the biood. Some patients with large tumors as
measured by imaging have low numbers of CTCs and vice versa,

Thus, tumor burden as measured by radiographic imaging does not
corrglate with the absoluie number of fumaor cells present in the blood,
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Exampie 3
Assessment of the tumor load: Comparison between changes in the

radiographic image and changes in the absolute number of CTCs,

Radiographic imaging is the current standard o assess whelher a
particular disease is responding, stabilizing, or progressing to freatiment. The
interval between radiographic measurements must be at jeast 3 months in
order to give meaningful resulis. Conseguently. a fest that could predict
ragponse o tﬁefapy earfier during the freatment cycle would improve the
management of patients freated for metastatic diseases, polentially increase
guality of ife and possibly improve survival. In this study, patients starling a
new line of treatment for MBC were assessed io determineg whether a change
in the number of CTCs comelated with a change in patient status as
measured by imaging.

This imaging system was used to enumerate CTCs in 7.5 mi of blood
in MBC patienis about o start a2 new therapy, and at various fme poinls
during the treaiment cycle. Radiographic measurements were made beforg
iniiation of therapy, 10-12 weeks after initiation of therapy and after
completion of the treatmen! cycle (approximately 6 months affer iniiation of
therapy), or at the ime the patient progressed on therapy, whichever came
first.

From image analysis, a partial response was found n 14 patients (17
data segments}. CTCs either decreased or remained undetectable in all
cases (see Figure 4). Slable disease by imaging was found in 30 patients (37
data segmenis). CTCs either decreased or remainad not deteciable in afl
cases {see Figure 4). Disease progression by imaging was found in 4
patients (15 data segments). CTCs increased in 7 of 18 cases. No CTCs
were detected at either time point in the other 8 cases.

An increase in CTCs was only observed in patienis with disease
progression {100%). A decrease in CTCs was only observed in patients with
a partial response or slable disease (100%). In patienis with a partial
response or stabie disease, no CTCs were detected at boih fime points in 54
of 61 cases (89%).

» Example 4
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Trends in the number of CTCs in patients treated for MBC as a guide
to treatment.

A study in patienis with MBC was performed fo determine whether or
not clear frends in changes of the number of CTC could be cbserved in
patients treated for MBC, and whether or not simple rules could be applied to
such trends in order {0 gudde the freating physician in optimization of the
treatment of patients with MBC.

image cylomeiry was used o enumerate CTCs in 7.5 miof blood. 81
patients, starting a new line of therapy for MBC, were enrolied in the study.
CTCs were snumerated in biood drawn before initiation of therapy and at
approximately every month thereafter,

Clear frends i the number of CTCs were observed in 76 of 81 {84%)
patients. During the course of therapy, the number of CTCs was not
deteciable or remained below 5 CTC per 7.5 mi of blood in 50% of the
patients. A typical example is shown in Figure BA. The number of CTCs
decreased during the course of therapy in 22% of the patients. A typical
example is shown in Figure 68. A decrease in the number of CTCs followed
by an increase during the course of therapy was observed in 6% of the
patients. A typical example s shown in Figure 6C. The number of CTCs
increased during the course of therapy in 16% of the patlents. A typical
exampie is shown in Figure 80, in 42 instances, 2 blood samples were
prepared and analyzed at the time of each blood draw. Resulls using the first
tubes drawn at the initial timepoint and the first tube drawn af the follow-up
time polnt point ware compared 1o resulis using the second tubes drawn at
each timepeoint. In ondy one of those cases, the change in the number of
CTCs was different between the first tubes drawn and the second {or
duplicate) tubes drawn (98% agreement}. In this case, both tubes from the
first blood draw had 0 CTCs, whereas for the second biood draw, one tube
had § CTC(below the cut off} and the second twbe had § CTC (above the cut
off). In comparison to the reproducibility of CTC measuremants, inter-reader
variabliity of radiographic imaging when the same films were read by two
different expert radiologists resulted in an agreement of only 81%. More over,
the agreement between the two radioiogists in a set of 148 imaging segments
was 85% when Prograssion versus noh progression was measured and
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decreased to only 58% when Progression, Stable Disease and Partial
response were measured. in contrast, analysis of CTC measurement was
performed on the same datla set by two different technologists, resulting in
100% agreement,

Thus, detection and monitoring CTC in patients treated for MBC is a
more reproducible procedure to measure response to therapy than

radiographic imaging.

= Example 5
Prediciion of PFS and 08 before initiation of therapy.

A siudy to cotrelate CTC tevels before inlfiation of therapy with
progression-free survival {PFS) and overalt survival {OS) was performed
whereby a threshold value of 25 CTC'¢/7.5 miwas used.

177 patients with measurable MBC were tesied for CTCs in 7.5 mi of
blood before starting a new ine of freatment and at subseguent monthly
intervals for a period of up to six months. Pafients entering inte any type of
therapy and any fine of therapy were included in the irial. Dissase
progression or response was assessed by the physicians at the sites for each
patient.

As shown in Figure 7, median PFS decreased as CTC levels increassed
and reached a plateau that leveled off at 5 CTCs (vertical ling}. The median
PFS was approximately 5.9 months for all patients {black dot). Based onthe
change in median PFS for positive patients and the Cox Hazard's ratio, a
cutoff of 2 5 CTCs was used for all subsequent analysis.

Figure 8 shows a Kapian Meler analysis of Progression Free Survival
{PF3) and Overall Survival {O8) using the number of CTC measured in the
baseline blood draws, in the 177 patients, the median PFS time was
approximately 5.0 months. The patients with =5 CTCs/7.5 miof blood at
basetine had a significantly shorter PFS than patienis with < 5 CTCs
{approximately 2.7 months vs. 7.0 months, respectively). Overall survival
{GS) reflected the same frend with a median OS of 10.1 months vs. > 18
months for patlents with 2 5 CTCs vs. < 5 CTCs, respectively.

The measurement of the number of CTC prior to initation of a new line

of therapy predicts the time untit patients progress on their therapy, and
13
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predicts survival time, Because of this predictive ability, detection and
measurement of CTCs at baseline provides information to physicians that will
be useful in the selection of appropriate freatment. |n addition, the ability to
siratify patients into high and low risk groups in lerms of PFS and O8 may be
very useful to select appropriste patients for eniry into therapeutic trials. For
rovel drugs with potentially high toxicity, patients with poor prognostic factors
rmay be the more appropriate fargel popuiation. In contrast, drugs with
minimai toxicity and promising therapeutic efficacy may be more appropriately
targeted toward patients with favorable prognostic factors.

+ Example 6
Prediction of PFS and OS at each follow-up time point during therapy

of metastatic breast cancer patients.

CTCs were assessed serially over the course of freatment at additional
specified intervals. The results demonstrated that assessment of CTC levels
at "all" subsequent follow-up fime poinis, accurately and reproducibly
predicted the clinical suicome, Patienis who converted from elevated CYCs
io nor-elevated levels {<5CTC/7.5mL) exhibited PFS and OS similar to those
whose CTCs were never elevated, This would imply that patients with <&
CTCs appear to either be responding to treatment and/or have relatively
indolent diseass. e contrast, O8 of patients who converted from non-
slevated CTC levels to elevated CTC levels decreased, but was not as short
as the OS of patients that always exhibilad slevated CTC levels.

CTCs were enumerated in 177 MBC patients prior to the initiation of a new
course of therapy and 3-5, 6-8, 9-14, and 15-20 weeks after the initiation of
therapy. Progression free survival (PFS) and overall survival (O8]} times were
calculiated from the dates of each follow-up blood draw. Kaplan-Meter plots
and survival analyses were performed using a threshold of >5 CTCse/7.5mL. at
each blood draw,

Median PFS times for patients with <5 CTC af the five bicod draw time
points were 7.0, 8.1, 58, 7.0, and 6.0 months, respectively. For patienis with
>5 CTC, median PFS was significantly shorter af these lime points: 2.7, 1.3
1.4, 3.0, and 3.8 months, respeclively. Median OS for patients with <5 CTC at
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baseline and the five blood draw time points wers all >18.5 months.  For
patients with >5 CTC, median O8 was significantly shorter at these time
points: 10.8, 6.3, 6.3, 6.6, and 6.7 months, respectively, Median PFS (Figure
9AY and OS (Figure 8B) thmes at baseline and up to 9-14 weeks after the
initiation of therapy were statistically significantly different.

Detection of elevated CTCs at any dme during therapy is an accurale
indication of emerging rapid disease progression and mortality for MBC
patients Accordingly, CTCs must decline to below 5 at any time point in the
clinical course of a patient with metasiatic breast cancer to maximize PFS and

QS, and to maximize the benefit associated with therapy.
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What is claimed is:
1. A method for overall survival prognosis in patients at any point during
therapy comprising:
a} obiaining a biological specimen from said patient, said specimen
comprising & mixed celi population suspected of containing rare

calls;

b) enriching a fraction of sald specimen, sald fraction containing
said rare cells;

¢} confirming structural integrity of sald rare cells {o be intact; and

d) analyzing said intact rare cells o determine patient survival,
wherein sald analyzing correlates intact rare celt enumeration of
sakd patient with said overall survival prognosis based upon a
predetermined staiistical association.

4. A method as ¢laimed i claim 1, wherein said ciroulating rare celis are
from the group consisting of endothelial celis, fetal cells in maternal
circulation, bacterial cells, myocardial cells, epithelial cells, virally
infected cells, and combinations thereof.

3. A method as claimed in claim 1, wherein said fraction is obtained by
immunomagnetic enrichmant, whereln said specimen is mixed with
magneﬂé particles coupled fo a biospecific ligand which specifically
binds o said rare cells, to the subsiantial exclusion of other popuiations
and subjecting specimen-magnetic pariicle mixiure {o a magnelic field
te produce a cell suspension erviched in magnetic particle-bound rare
celis,

4. A method as claimed in claim 1, wherein said biospeciic ligand s an
antibody directed against an epitheliat cell surface antigen.

5. A method as claimed in claim 4, wherein said rare celis have EpCAM
as said epithelial celt surface antigen.

8. A method as claimed in claim 1, wherein said siructural infegrity is
determined by a procedure selected from a group consisting of
immunocyiochemical procedures, RT-PCR procedures, PCR
procedures, FISH procedures, floweytometry procedures, image

cytomelry procedures, and combinations thereof.

Al
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7.

10

1

-

12.

13,

14.

A method as claimed in claim 1, whereln said analyzing is based upon
a change in said intact rare cell enumeration ocouring during the Iast

fotlow-up perlod to indicale said survival prognosis.

. A method as claimed in claim 7, whereln said analyzing is based upon

a measurement of CTC number relative to a threshold number, said
measurement above or equal 1o said threshold is indicative of a lower

said survival prognosis.

. A method as ¢laimed in claim 8, wherein said threshold is 5 sirculating

tumor celis.

A method as claimed in claim 1, wherein said survival prognosis s
determined for said patients from the group consisting of metasiatic
breast cancer patients, melasialic prostaie cancer patients, bladder
cancer patients, metastatic colon cancer patients, and combinations

thereof.

A rare cell analysis system for assessing overail survival in patients at

any point during therapy comprising:

a} means for stabiizing ceills in a biological specimen from said
natient, sakd means preserves characteristic determingnis of
rare cells in said specimen;

b} means for enriching & fraction of said specimen, said fraction
containing intact rare cells;

c} means for confirming structural integrity of said intact rare cells;
and

d} means for analyzing said infact rare cells, wherein said means
corretates sald intact rare cell enumeration with said overall
survival based upon a predelerminad stalistical associalion.

The rare cell analysis system of claim 11, wherein said stabilizing
means is from the group consisting of anti-coagulating agents,
stablizing agents, and combinations thereof.

The rare cell analysis system of claim 11, wherein sald enriching
means is from a group consisting of immunomagnetic, density
cenfrifugation, and combinations thereof

The rare cell analysis system of claim 11, wherein said confirming

means is from the group consisting of iImmunocytochemical means,
22
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RT-PCR means, PCR means, FISH means, flowcytometry means,
image cytometry means, and combinations thereof.

15. The rare cell analysis system of claim 11, wherein said analysis means
is from the group consisting of Kaplan-Meier analysis, Cox proportional
hazards regression analysis, and combinations thereof.

16. A method for assessing fime to disease progression in patients at any
time point during therapy comprising:

a) obtaining a biclogical specimen from said patient, said specimen
comprising @ mixed cell population suspected of containing rare

celis;

o
—t

enriching a fraction of said specimen. said fraction containing
said rare cells;

¢} confirming structural integrity of said rare cells 1o be inlact; and
d

—

analyzing sald intact rare celis to determine time o disease

progression, wherein said analyzing corrslates infact rare cell

enumeration of said patient with said time to disease
progression based upon a predetermined slatistical association,

17. A method as claimed in claim 16, wherein said circuiating rare cells s
from the group consisting of endothelial celis, fetal celis in maternal
circutation, bacterial celis, myocardial cells, epithelial calls, virally
infected cells, and combinations thersof.

18.A mathod as claimed in claim 18, wherein said fraction is obtained by
mmunomagnetic enrichment, wherein said specimen is mixed with
magnetic particies coupled to a blospecific ligand which specifically
binds to said rare cells, to the substantial exclusion of other populations
and sublecting specimen-magnetic parlicle mixiure fo a magnetic field
o produce a cell suspension eniched in magnetic particle-bound rare
celis.

18.A method as claimed in clabim 16, wherein said biospecific ligand is an
antibody directed against an epithelial cell surface antigen.

20. A mathod as claimed in claim 19, whereln said rare cells have EpCAM
as said epithefial cell surface antigen.

z1.A method as claimed in claim 16, wherein said structural integrity is

determined by a procedure selected from a group consisting of
23
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immunocytochemical procedures, RT-PCR procedures, PCR
procedures, FISH procedures, flowcytometry procedures, image
cytomelry procedures, and combinations thereof.

22 A method as claimed in claim 16, wharein sald analyzing is based upon
a change in said intact rare cell enumeration during the last follow-up
petiod o indicate said ime to disease progression.

23.A method as claimed in claim 15, wherein sald analyzing is based upon
a measurement of CTC number reiative to a threshold number, said
measurement above or egual lo said threshold i indicative of a lower
said ime 1o disease progression.

24.A method as claimed in claim 16, wherain sald thresheld is 5 circulating
tumor celis,

25.A method as claimed in claim 16, wherein said time fo progression is
determined for said cancer patients from the group consisting of
matastatic breast cancer palienis, metasiatic prosiate cancer patients,
matastatic colon cancer patients, bladder cancer palients, and
combinations thereof.

26. A rare cell analysis system for assessing lime to disease progression in
a patlent at any time during therapy, said rare cell analysis system
comprising:

a) means for stabilizing celis in 8 biological specimen from said
patiert, sald means preserves characteristic determinants of
rare cells in said specimen;

b) means for enriching a fraction of said specimen, said fraction

——n

containing intact rare cells;

¢} means for confirming struckural integrity of sald intact rare cells;
and

d) means for analyzing said intact rare cells, whersin said means
correlates said intact rare cell enurneration with said time to
disease progression based upon a predetermined statistical
association.

27. The rare cell analysis system of claim 26, wherein said stabilizing
means is from the group consisting of anti-coagulating agents,

stabilizing agents, and combination thereof.
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28. The rare cell analysis system of clalm 26, whersin said enriching
means is from a group consisting of immunomagnetic, density
centrifugation, and combinations thereaf.

28. The rare cell analysis system of claim 26, wherein sald confirming
means is from the group consisting of immunocytochemical means,
RT-PCR means, PCR means, FISH means, flowoyiometry means,
image cylometry means, and combinations thergof.

30. The rare cell analysis system of claim 26, wherein said analysis means
is from the group consisting of Kaplan-Mater analysis, Cox proportional

hazards regression analysis, and combinations theraof.
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{87) Abstract; A cancer test having prognostic utility in predicting time to disease progression, overall sarvival, and response o
therapy in patients with MBC based upon the presence and aumber of CTC’ s, The Celt Spotter® System is vsed 1o enumerate CTC's
in blood. The system imumnemagnetically concentrates epithelial cells, flucrescently labels the cells and ideniifics and quantifics
CTC' s, The absolate number of CTC s detected in the peripheral Mood tumor Ioad is, in part, a factor in prediction of survival, time
to progression, and response 1o therapy. The mean time 1o survival of patients depended upon a threshold number of (3) CTC” per
7.5 ml of blood. Detecticn of CTCs in metastatic cancer represents a novel prognostic factor in patients with metasfatic cancers,
suggesis a biological role for ihe presence of mmor cells in the biood, and indicates that the detection of CTC"s conld be considered
an appropriate sarrogate marker Tor prospective therapeutic clinfeal trials.
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