EP 1 861 509 B1

Patent Office

(1 9) ’ e Hllm”“mmllmll‘l”‘ll”l“l |H|H‘|l‘|”“||H”|H|H||H‘|H||‘
Patentamt
0 European

Office européen
des brevets (11) EP 1 861 509 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: C12Q 1/00 (2006.07) GO1N 33/48(2006.01)
09.09.2015 Bulletin 2015/37 GO1N 33/53 209501 GO1N 33/574 (200507
(21) Application number: 05725638.0 (86) International application number:
PCT/US2005/008602

(22) Date of filing: 14.03.2005
(87) International publication number:

WO 2006/104474 (05.10.2006 Gazette 2006/40)

(54) A METHOD FOR PREDICTING PROGRESSION FREE AND OVERALL SURVIVAL AT EACH
FOLLOW-UP TIME POINT DURING THERAPY OF METASTATIC BREAST CANCER PATIENTS
USING CIRCULATING TUMOR CELLS

VERFAHREN ZUR VORHERSAGE DES UBERLEBENS INSGESAMT UND OHNE
KRANKHEITSFORTSCHREITUNG ZU JEDEM NACHSORGEZEITPUNKT BEIDER THERAPIEVON
METASTATISCHEN BRUSTKREBSPATIENTEN UNTER VERWENDUNG ZIRKULIERENDER
TUMORZELLEN

METHODE DE PREDICTION DE SURVIE SANS PROGRESSION ET DE SURVIE GLOBALE, A
CHAQUE INSTANT DU SUIVI, AU COURS DU TRAITEMENT DE PATIENTES ATTEINTES DU
CANCER DU SEIN METASTATIQUE, UTILISANT DES CELLULES TUMORALES CIRCULANTES

(84) Designated Contracting States: (74) Representative: Hanson, William Bennett
ATBEBG CHCY CZDE DK EE ES FI FR GB GR Bromhead Johnson
HUIEISITLILTLUMC NLPLPTRO SE SISKTR Sovereign House

212-224 Shaftesbury Avenue

(43) Date of publication of application: London WC2H 8HQ (GB)

05.12.2007 Bulletin 2007/49
(56) References cited:

(73) Proprietor: Janssen Diagnostics, LLC WO-A1-99/41613 US-A- 5993 388
North Raritan, NJ 08869 (US) US-A1- 2002 098 535
(72) Inventors: * CRISTOFANILLI MASSIMO ET AL: "Circulating
* ALLARD, Jeffrey, W. tumor cells: a novel prognostic factor for newly
North Wales, PA 19454 (US) diagnosed metastatic breast cancer.” JOURNAL
* DOYLE, Gerald, V. OF CLINICAL ONCOLOGY : OFFICIAL JOURNAL
Radnor, PA 19087 (US) OF THE AMERICAN SOCIETY OF CLINICAL
* HAYES, Daniel, F. ONCOLOGY 1 MAR 2005, vol. 23, no. 7, 1 March
Comprehensive Cancer Center 2005 (2005-03-01), pages 1420-1430,
Ann Arbor, MI 48109-0942 (US) XP002570579 ISSN: 0732-183X
* MILLER, Michael, Craig * CRISTOFANILLI MASSIMO ET AL: "Circulating
Quakertown, PA 18951 (US) tumor cells, disease progression, and survival in
e TERSTAPPEN, Leon, W., M., M. metastatic breast cancer” NEW ENGLAND
Huntingdon Valley, PA 19006 (US) JOURNAL OF MEDICINE, vol. 351, no. 8, 19

August 2004 (2004-08-19), pages 781-791,
XP002570580 ISSN: 0028-4793

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 861 509 B1 2

Description
Background

* Field of the Invention

[0001] The invention relates generally to cancer prog-
nosis and survival in metastatic cancer patients, based
on the presence of morphologically intact circulating can-
cer cells (CTC) in blood. More specifically, diagnostic
methods, reagents and apparatus are described that cor-
relate the presence of circulating cancer cells in 7.5 ml
of blood of metastatic breast cancer patients with time to
disease progression and survivability. Circulating tumor
cells are determined by highly sensitive methodologies
capable of isolating and imaging 1 or 2 cancer cells in
approximately 5 to 50 ml of peripheral blood, the level of
the tumor cell number and an increase in tumor cell
number during treatment are correlated to the time to
progression, time to death and response to therapy.

» Background Art

[0002] Despite efforts to improve treatment and man-
agement of cancer patients, survival in cancer patients
has not improved over the past two decades for many
cancer types. Accordingly, most cancer patients are not
killed by their primary tumor, but they succumb instead
to metastases: multiple widespread tumor colonies es-
tablished by malignant cells that detach themselves from
the original tumor and travel through the body, often to
distant sites. The most successful therapeutic strategy
in cancer is early detection and surgical removal of the
tumor while still organ confined. Early detection of cancer
has proven feasible for some cancers, particularly where
appropriate diagnostic tests exist such as PAP smears
in cervical cancer, mammography in breast cancer, and
serum prostate specific antigen (PSA) in prostate 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 potential is important for selection of proper
therapy.

[0003] Optimal therapy will be based on a combination
of diagnostic and prognostic information. An accurate
and reproducible diagnostic test is needed to provide
specific information regarding the metastatic nature of a
particular cancer, together with a prognostic assessment
that will provide specific information regarding survival.
[0004] A properly designed prognostic test will give
physicians information about risk and likelihood of sur-
vival, which in turn gives the patient the benefit of not
having to endure unnecessary treatment. Patient morale
would also be boosted from the knowledge that a select-
ed therapy will be effective based on a prognostic test.
The cost savings associated with such a test could be
significant as the physician would be provided with a ra-
tionale for replacing ineffective therapies. A properly de-
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veloped diagnostic and prognostic data bank in the treat-
ment and detection of metastatic cancer focusing on sur-
vival obviously would provide an enormous benefit to
medicine (US 6,063,586).

[0005] If a primary tumor is detected early enough, it
can often be eliminated by surgery, radiation, or chem-
otherapy or some combination of those treatments. Un-
fortunately, the metastatic colonies are difficult to detect
and eliminate and itis often impossible to treat all of them
successfully. Therefore from a clinical point of view, me-
tastasis can be considered the conclusive event in the
natural progression of cancer. Moreover, the ability to
metastasize is a property that uniquely characterizes a
malignant tumor.

Soluble Tumor Antigen:

[0006] Based on the complexity of cancer and cancer
metastasis and the frustration in treating cancer patients
over the years, many attempts have been made to de-
velop diagnostic tests to guide treatment and monitor the
effects of such treatment on metastasis or relapse.
[0007] One of the first attempts to develop a useful test
for diagnostic oncology was the formulation of an immu-
noassay for carcinoembryonic antigen (CEA). This anti-
gen appears on fetal cells and reappears on tumor cells
in certain cancers. Extensive efforts have been made to
evaluate the usefulness of testing for CEA as well as
many other "tumor" antigens, such as prostate specific
antigen (PSA), CA 15.3, CA 125, prostate-specific mem-
brane antigen (PSMA), CA 27.29, p27 found in either
tissue samples or blood as soluble cellular debris. These
and other debris antigens are thought to be derived from
destruction of both circulating and non-circulating tumor
cells, and thus their presence may not always reflect met-
astatic potential, especially if the cells rupture while in an
apoptotic state.

[0008] Additional tests used to predict tumor progres-
sion in cancer patients have focused upon correlating
enzymatic indices like telomerase activity in biopsy-har-
vested tumor samples with an indication of an unfavora-
ble or favorable prognosis (US 5,693,474; US
5,639,613). Assessing enzyme activity in this type of
analysis can involve time-consuming laboratory proce-
dures such as gel electrophoresis and Western blot anal-
ysis. Also, there are variations in the signal to noise and
sensitivity in sample analysis based on the origin of the
tumor. Despite these shortcomings, specific soluble tu-
mor markers in blood can provide a rapid and efficient
approach for developing a therapeutic strategy early in
treatment. For example, detection of serum HER-2/neu
and serum CA 15-3 in patients with metastatic breast
cancer have been shown to be prognostic factors for met-
astatic breast cancer (Ali S.M., Leitzel K., Chinchilli V.M.,
EngleL.,Demers L., Harvey H.A., Carney W., Allard J.W.
and Lipton A., Relationship of Serum HER-2/neu and Se-
rum CA 15-3 in Patients with Metastatic Breast Cancer,
Clinical Chemistry, 48(8):1314-1320 (2002)). Increased
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HER-2/neu results in decreased response to hormone
therapy, andis a significant prognostic factor in predicting
responses to hormone receptor-positive metastatic
breast cancer. Thus in malignancies where the HER-
2/neu oncogene product is associated, methods have
been described to monitor therapy or assess risks based
on elevated levels (US 5,876,712). However in both cas-
es, the base levels during remission, or even in healthy
normals, are relatively high and may overlap with con-
centrations found in patients, thus requiring multiple test-
ing and monitoring to establish patient-dependent base-
line and cut-off levels.

[0009] In prostate cancer, PSA levels in serum have
proven to be useful in early detection. When used with a
follow-up physical examination (digital rectal exam) and
biopsy, the PSA test has improved detection of prostate
cancer at an early stage when it is best treated.

[0010] However, PSA or the related PSMA testing
leaves much to be desired. For example, elevated 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 be due in part to the fact that PSA
is a component of normal prostate tissue and benign pro-
static hyperplasia (BHP) tissue. Moreover, approximate-
ly 30% of patients with alleged localized prostate cancer
and corresponding low serum PSA concentrations, may
have metastatic disease (Moreno et al., Cancer Re-
search, 52:6110 (1992)).

Genetic markers:

[0011] One approach for determining the presence of
malignant prostate tumor cells has been to test for the
expression of messenger RNA from PSA in blood. This
is being done through the laborious procedure of isolating
all of the mRNA from the blood sample and performing
reverse transcriptase PCR. No significant correlation has
been described between the presence of shed tumor
cells in blood and the ability to identify which patients
would benefit from more vigorous treatment (Gomella
LG., J of Urology, 158:326-337 (1997)). Additionally,
false positives are often observed using this technique.
There is an added drawback, which is that there is a finite
and practicallimitto the sensitivity of this technique based
on the sample size. Typically, the test is performed on
105to 106 cells separated from interfering red blood cells,
corresponding to a practical lower limit of sensitivity of
one tumor cell/0.1 ml of blood (about 10 tumor cells in
one ml of blood) before a signal is detected. Higher sen-
sitivity has been suggested by detecting hK2 RNA in tu-
mor cells isolated from blood (US 6,479,263; US
6,235,486).

[0012] Qualitative RT-PCR based studies with blood-
based nucleotide markers has been used to indicate 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 (Hardingham
J.E., Hewett P.J., Sage R.E., Finch J.L., Nuttal J.D., Ko-
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tasel D. and Dovrovic 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 (2000): Taniguchi T., Makino M., Suzuki K., Kai-
bara N., Prognostic significance of reverse transcriptase-
polymerase chain reaction measurement of carcinoem-
bryonic antigen mRNA levels in tumor drainage blood
and peripheral blood of patients with colorectal carcino-
ma, Cancer 89:970-976 (2000)). The prognostic value of
this endpoint is dependent upon CEA mRNA levels,
which are also induced in healthy individuals by G-CSF,
cytokines, steroids, or environmental factors. Hence, the
CEA mRNA marker lacks specificity and is clearly not
unique to circulating colorectal cancer cells. Other re-
ports have implicated tyrosinase mRNA in peripheral
blood and bone marrow as a marker for malignant
melanoma in stage Il-IV patients (Ghossein R.A., Coit
D., Brennan M., Zhang Z.F., Wang Y., Bhattacharya S.,
Houghton A., and Rosai J., Prognostic significance of
peripheral blood and bone marrow tyrosinase messen-
ger RNA in malignant melanoma, Clin Cancer Res.,
4(2):419-428 (1998)). Again using tyrosinase mRNA as
a soluble tumor marker is subject to the previously cited
limitations of soluble tumor antigens as indicators of met-
astatic potential and patient survival.

[0013] The aforementioned and other studies, while
seemingly prognostic under the experimental conditions,
do not provide for consistent data with a long follow-up
period or at a satisfactory specificity. Accordingly, these
efforts have proven to be somewhat futile as the appear-
ance of mMRNA for antigens in blood have not been gen-
erally predictive for most cancers and are often detected
when there is little hope for the patient.

[0014] In spite of this, real-time reverse transcriptase-
polymerase chain reaction (RT-PCR) has been the only
procedure reported to correlate the quantitative detection
of circulating tumor cells with patient prognosis. Real-
time RT-PCR has been used for quantifying CEA mRNA
in peripheral blood of colorectal cancer patients (Ito S.,
NakanishiH., Hirai T.,Kato T., Kodera Y., Feng Z., Kasai
Y., Ito K., Akiyama S., Nakao A., and Tatematsu M.,
Quantitative detection of CEA expressing free tumor cells
in the peripheral blood of colorectal cancer patients dur-
ing surgery with real-time RT-PCR on a Light Cycler,
Cancer Letters, 183:195-203 (2002)). Using Kaplan-Mei-
er type analysis, disease free survival of patients with
positive CEA mRNA in postoperative blood was signifi-
cantly shorter than in cases that were negative for CEA
mRNA. These results suggest that tumor cells were shed
into the bloodstream (possibly during surgical proce-
dures or from micro metastases already existing at the
time of the operation), and resulted in poor patient out-
comes in patients with colorectal cancer. The sensitivity
of this assay provided a reproducibly detectable range
similar in sensitivity to conventional RT-PCR. As men-
tioned, these detection ranges are based on unreliable
conversions of amplified product to the number of tumor
cells. The extrapolated cell count may include damaged
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CTC incapable of metastatic proliferation. Further, PCR-
based assays are limited by possible sample contami-
nation, along with an inability to quantify tumor cells. Most
importantly, methods based on PCR, flowcytometry, cy-
toplasmic enzymes and circulating tumor antigens can-
not provide essential morphological information confirm-
ing the structural integrity underlying metastatic 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 tumor cells in cancer detection and
prognosis:

[0015] Detection of intact tumor cells in blood provides
a direct link to recurrent metastatic disease in cancer
patients who have undergone resection of their primary
tumor. Unfortunately, the same spreading of malignant
cells continues to be missed by conventional tumor stag-
ing procedures. Recent studies have shown that the
presence of a single carcinoma cell in the bone marrow
of cancer patients is an independent prognostic factor
for metastatic relapse (Diel IJ, Kaufman M, Goerner R,
Costa SD, Kaul S, Bastert G. Detection of tumor cells in
bone marrow of patients with primary breast cancer: a
prognostic factor for distant metastasis. J Clin Oncol,
10:1534-1539, 1992). But these invasive techniques are
deemed undesirable or unacceptable for routine or mul-
tiple clinical assays compared to detection of dissemi-
nated epithelial tumor cells in blood.

[0016] An alternative approach incorporates immu-
nomagnetic separation technology and provides greater
sensitivity and specificity in the unequivocal detection of
intact circulating cancer cells. This simple and sensitive
diagnostic tool, as described (US6,365,362;
US6,551,843; US6,623,982; US6,620,627;
US6,645,731; WO 02/077604; WO03/065042; and WO
03/019141) is used in the present invention to correlate
the statistical survivability of an individual patient based
on a threshold level of greater than or equal to 5 tumor
cells in 7.5 to 30 ml blood (1 to 2 tumor cells correspond
to about 3000 to 4000 total tumor cells in circulation for
a given individual).

[0017] Using this diagnostic tool, a blood sample from
a cancer patient (WO 03/018757) is incubated with mag-
netic beads, coated with antibodies directed against an
epithelial cell surface antigen as for example EpCAM.
After labeling with anti-EpCAM-coated magnetic nano-
particles, the magnetically labeled cells are then isolated
using a magnetic separator. The immunomagnetically
enriched fraction is further processed for downstream
immunocytochemical analysis or image cytometry, for
example, in the Cell Spotter® System (Immunicon Corp.,
PA). The magnetic fraction can also be used for down-
stream immunocytochemical analysis, RT-PCR, PCR,
FISH, flowcytometry, or other types of image cytometry.
[0018] One embodiment of the present invention in-
cludes image cytometry afterimmunomagnetic selection
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and separation to highly enrich and concentrate any ep-
ithelial cells present in whole blood samples. The cap-
tured cells are detectably labeled with a leukocyte spe-
cific marker and with one or more tumor cell specific flu-
orescent monoclonal antibodies to allow identification
and enumeration of the captured CTC'’s as well as une-
quivocal instrumental or visual differentiation from con-
taminating non-target cells. At an extraordinary sensitiv-
ity of 1 or 2 epithelial cells per 7.5- 30 ml of blood, this
assay allows tumor cell detection even in the early stages
of low tumor mass. The embodiment of the present in-
vention is not limited to image cytometry, but includes
any isolation and imaging protocol of comparable sensi-
tivity and specificity.

[0019] Currently available prognostic protocols have
not demonstrated a consistently reliable means for cor-
relating CTCs to predict progression free- or overall sur-
vival in patients with cancers such as metastatic breast
cancer (MBC). Thus, there is a clear need for accurate
detection of cancer cells with metastatic potential, not
only in MBC but in metastatic cancers in general. More-
over, this need is accentuated by the need to select the
most effective therapy for a given patient. We previously
described a method for predicting progression free or
overall survival in patients with the first follow-up after
diagnosis (WO 2004/076643). In this method, >5 circu-
lating tumor cells (CTCs) in 7.5ml of blood is associated
with poor clinical outcome. In the present invention, we
provide a method for predicting progression free and
overall survival at each follow-up time point during ther-
apy of metastatic breast cancer patients.

[0020] Massimo Cristofanilli et al: "Circulating tumor
cells: a novel prognosis factor for newly diagnosed met-
astatic breast cancer", Journal of Clinical Oncology: Of-
ficial Journal of the American Society of Clinical Oncol-
ogy, vol 23, no. 7,1 March 2005, pages 1420-1430, de-
scribes a statistical analysis of circulating tumour cells
as a prognostic factor for newly diagnosed metastatic
breast cancer.

[0021] Massimo Cristofanilli et al: "Circulating tumor
cells, disease progression, and survival in metastatic
breast cancer", New England Journal of Medicine, vol
351, no. 8,19 August 2004, pages 781-791, describes
predicting survival in metastatic breast cancer patients
by a statistical analysis of the level of circulating tumour
cells.

[0022] US 2002/098535 A1 describes isolating immu-
nomagnetically separated cancer cells and characteris-
ing them to determine whether cancer is progressing,
stable or being terminated.

[0023] WO 99/41613 A1 states that when rare cells in
a mixed cell-population are detected and enumerated,
the severity of the disease state is greater the greater
the number of rare cells present.

[0024] US 5993388 A describes determining survival
rates in prostate cancer patients using a Kaplan-Meier
analysis of PSA.
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Summary of the Invention

[0025] The presentinvention is a method and an anal-
ysis system for overall survival prognosis, according to
claim 1, 8, 9 or 16 incorporating diagnostic tools, such
as immunomagnetic enrichment and image cytometry,
in assessing time to disease progression, survival, and
response to therapy based upon the absolute number,
change, or combinations of both of circulating epithelial
cells in patients with metastatic cancer at any time during
therapy to provide an accurate indication of emerging
rapid disease progression and mortality for metastatic
breast cancer patients. The system immunomagnetically
concentrates epithelial cells, fluorescently labels the
cells, identifies and quantifies CTCs for positive enumer-
ation. The statistical analysis of the cell count predicts
survival.

[0026] More specifically, the present invention pro-
vides the analysis system and method for assessing pa-
tient survival, the time to disease progression, and re-
sponse 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 death and disease pro-
gression. Statistical analysis of long term follow-up stud-
ies of patients diagnosed with cancer established a
threshold for the number of CTC found in blood and pre-
diction of survival. An absence of CTCs is defined as
fewer than 5 morphologically intact CTCs. The presence
or absence of CTCs to predict survival is useful in making
treatment choices.

[0027] Forexample, the absence of CTC’sina woman
previously untreated for metastatic breast cancer could
be used to select hormonal therapy vs chemotherapy
with less side effects and higher quality of life. In contrast,
the presence of CTC’s could be used to select chemo-
therapy which has higher side effects but may prolong
survival more effectively in a high risk population. Thus,
the invention has a prognostic role in the detection of
CTC’s in women with metastatic breast cancer.

Brief Description of the Drawings
[0028]

Figure 1: Cell Spotter® fluorescent analysis profile
used to confirm objects captured as tumor cells.
Check marks signify a positive tumor cell based on
the composite image. Composite images are derived
from the positive selection for Epithelial Cell Marker
(EC-PE) and for the nuclear dye (NADYE). A nega-
tive selection is also needed for the leukocyte marker
(L-APC) and for control (CNTL).

Figure 2: Comparison of diagnostic methods to
measure changes in tumor status. Shown is the cur-
rent standard of physical measurement of discrete
lesions using radiographic imaging (Panel A). A
model illustrating the ability to assess changes in
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metastatic cancer burden by counting the numbers
of CTC in blood is shown (Panel B).

Figure 3: Lack of correlation between the number
of CTC’s and tumor size in 69 patients.

Figure 4: Changes in the numbers of CTC'’s in pa-
tients with a partial response to therapy or with a
stable disease state. CTC'’s either decreased or re-
mained undetectable in all cases.

Figure 5: Changes in the numbers of CTC'’s in pa-
tients with disease progression. CTCs either in-
creased or remained undetectable with disease pro-
gression.

Figure 6: Patient trends in the number of CTC'’s.
Panel A shows a typical patient with less than 5
CTC'’s per 7.5 ml of blood. Panel B shows a typical
patient with a decrease in CTC’s during the course
of therapy. Panel C shows a typical patient with a
decrease in CTC’s followed by an increase. Panel
D shows a typical patient with an increase in CTC'’s.

Figure 7: Determination of an optimal CTC cutoff for
distinguishing MBC patients with rapid progression.
Analysis was performed using the CTC numbers ob-
tained at baseline from the 102 patients included in
the training set. Median PFS of patients with greater
than or equal to the selected numberof CTCin 7.5mL
of blood is indicated by the solid line and median
PFS of patients with less than the selected CTC level
is indicated by the dashed line. Median PFS de-
creased as CTC increased and reached a plateau
that leveled off at 5 CTC (indicated by the vertical
line). The black dot indicates the median PFS of~5.9
months for all 102 patients. The selected cutoff of >5
CTC/7.5mL was used in all subsequent analyses.

Figure 8: The predictive value of baseline CTC for
PFS and OS. Probabilities of PFS and OS of MBC
patients with <5 (black line) and >5 (gray line) CTC’s
in 7.5mL of blood using the baseline 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.. Panel A: the probability of PFS using
the baseline CTC count (n=177, log-rank p=0.0001,
CoxHR =1.95, chi2 =15.33, p= 0.0001). Panel B: the
probability of OS using the baseline CTC count
(n=102, log-rank p=0.0003, CoxHR =3.98, chi?
=12.64, p= 0.0004).

Figure 9: Kaplan-Meier plot of CTC levels prior to
and up to 15-20 weeks after the initiation of therapy
topredicttime to clinical progression or death (Figure
9A) or the time to death (Figure 9B) from the date of
the baseline blood draw in 177 patients with meta-
static breast cancer. Four different groups of patients
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are compared: Group 1, 83 (47%) patients with <5
CTCs at all blood draw time points; Group 2, 38 (21
%) patients with >5 CTCs prior to the initiation of
therapy but who had decreased to <5 CTCs at the
time of their final blood draw; Group 3, 17 (10%) pa-
tients with <5 CTCs prior to the initiation of therapy
who increased to >5 CTCs at the time of their last
blood draw; and Group 4, 39 (22%) patients with >5
CTCs at all blood draw time points

Detailed Description of the Invention

[0029] The object of this invention provides for the de-
tection of circulating tumor cells as an early prognostic
indicator of patient survival.

[0030] Under the broadest aspect of the invention,
there is no limitation on the collection and handling of
samples as long as consistency is maintained. Accord-
ingly, the cells can be obtained by methods known in the
art.

[0031] While any effective mechanism for isolating, en-
riching, and analyzing CTCs in blood is appropriate, one
method for collecting circulating tumor cells combines
immunomagnetic enrichment technology, immunofluo-
rescent labeling technology with an appropriate analyti-
cal platform after initial blood draw. The associated test
has the sensitivity and specificity to detect these rare
cells in a sample of whole blood and to investigate their
role in the clinical course of the disease in malignant tu-
mors of epithelial origin. From a sample of whole blood,
rare cells are detected with a sensitivity and specificity
to allow them to be collected and used in the diagnostic
assays of the invention, namely predicting the clinical
course of disease in malignant tumors.

[0032] With this technology, circulating tumor cells
(CTC) have been shown to existin the blood in detectable
amounts. This created a tool to investigate the signifi-
cance of cells of epithelial origin in the peripheral circu-
lation of cancer patients (RacilaE., Euhus D., Weiss A.J.,
Rao C., McConnell J., Terstappen L.W.M.M. and Uhr
J.W., Detection and characterization of carcinoma cells
in the blood, Proc. Natl. Acad. Sci. USA, 95:4589-4594
(1998)). This study demonstrated that these blood-borne
cells might have a significant role in the pathophysiology
of cancer. Having a detection sensitivity of 1 epithelial
cell per 5 ml of blood, the assay incorporates immu-
nomagnetic sample enrichment and fluorescent mono-
clonal antibody staining followed by flowcytometry for a
rapid and sensitive analysis of a sample. The results
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 re-
sponse to therapy. In 13 of 14 patients with localized
disease, 5 of 5 patients with lymph node involvement and
11 of 11 patients with distant metastasis, epithelial cells
were found in peripheral blood. The number of epithelial
cells was significantly larger in patients with extensive
disease.
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[0033] The assay was further configured to an image
cytometric analysis such that the immunomagnetically
enriched sample is analyzed by image cytometry (see
Example 1). This is a fluorescence-based microscope
image analysis system, which in contrast with flowcyto-
metric analysis permits the visualization of events and
the assessment of morphologic features to further iden-
tify objects.

[0034] Automated fluorescence microscopic system,
used for automated enumeration of isolated cells from
blood, allows for an integrated computer controlled fluo-
rescence microscope and automated stage with a mag-
netic yoke assembly that will hold a disposable sample
cartridge. The magnetic yoke is designed to enable fer-
rofluid-labeled candidate tumor cells within the sample
chamber to be magnetically localized to the upper view-
ing surface of the sample cartridge for microscopic view-
ing. Software presents suspect cancer cells, labeled with
antibodies to cytokeratin and having epithelial origin, to
the operator for final selection.

[0035] While isolation of tumor cells can be accom-
plished by any means known in the art, one embodiment
uses a cell stabilization and permeabilization procedure
forisolating tumor cellsin 7.5 ml of whole blood. Epithelial
cell-specific magnetic particles are added and incubated
for 20 minutes. After magnetic separation, the cells
bound to the immunomagnetic-linked antibodies are
magnetically held at the wall of the tube. Unbound sample
is then aspirated and an isotonic solution is added to
resuspend the sample. A nucleic acid dye, monoclonal
antibodies to cytokeratin (a marker of epithelial cells) and
CD 45 (a broad-spectrum leukocyte marker) are incubat-
ed with the sample. After magnetic separation, the un-
bound fraction is again aspirated and the bound and la-
beled cells are resuspended in 0.2 ml of an isotonic so-
lution. The sample is suspended in a cell presentation
chamber and placed in a magnetic device whose field
orients the magnetically labeled cells for fluorescence
microscopic examination. Cells are identified automati-
cally and candidate circulating tumor cells presented to
the operator for checklist enumeration. An enumeration
checklist consists of predetermined morphologic criteria
constituting a complete cell (see example 1).

[0036] The diagnostic potential of immunomagnetic
enrichment and image cytometry, together with the use
of intact circulating tumor cells as a prognostic factor in
cancer survival, can provide a rapid and sensitive method
for determining appropriate treatment. Accordingly in the
present invention, the analysis system and method are
provided for the rapid enumeration and characterization
of tumor cells shed into the blood in metastatic and pri-
mary patients for prognostic assessment of survival po-
tential.

[0037] The methods of the invention are useful in as-
sessing a favorable or unfavorable survival, and even
preventing unnecessary therapy that could result in
harmful side-effects when the prognosis is favorable.
[0038] The following examples illustrate the predictive
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and prognostic value of CTC’s in blood from patients.
Note, the following examples are offered by way of illus-
tration and are not in any way intended to limit the scope
of the invention.

* Example 1

Enumeration of circulating cytokeratin positive cells
using CellPrep™

[0039] Cytokeratin positive cells are isolated by a cell
preservative system using a 7.5 ml sample of whole
blood. Epithelial cell-specific immunomagnetic fluid is
added and incubated for 20 minutes. After magnetic sep-
aration for 20 minutes, the cells bound to the immu-
nomagnetic-linked antibodies are magnetically held at
the wall of the tube. Unbound sample is then aspirated
and an isotonic solution is added to resuspend the sam-
ple. A nucleic acid dye, monoclonal antibodies to cytok-
eratin (a marker of epithelial cells) and CD 45 (a broad-
spectrum leukocyte marker) are incubated with the sam-
ple for 15 minutes. After magnetic separation, the un-
bound fraction is again aspirated and the bound and la-
beled cells are resuspended in 0.2 ml of an isotonic so-
lution. The sample is suspended in a cell presentation
chamber and placed in a magnetic device whose field
orients the magnetically labeled cells for fluorescence
microscopic examination. Cells are identified automati-
cally; control cells are enumerated by the system, where-
as the candidate circulating tumor cells are presented to
the operator for enumeration using a checklist as shown
(Figure 1).

» Example 2

Assessment ofthe tumorload: Comparison between
radiographic image analysis and the absolute
number of CTC’s.

[0040] Radiographic measurements of metastatic le-
sions are currently used to assess tumor load in cancer
patients with metastatic disease. In general, the largest
lesions are measured and summed to obtain a tumor
load. An example of a bidimensional measurement of a
liver metastasis in a breast cancer patient is illustrated
in Figure 2A. A model depicting the necessity for meas-
uring tumor load inthe blood stream is illustrated in Figure
2B as a measurement of the actual active tumor load,
and thus a better measure of the overall activity of the
disease. To determine whether or not the absolute
number of CTC’s correlated with the dimension of the
tumor measured by imaging a prospective study in pa-
tients with MBC was performed.

[0041] Image cytometry was used to enumerate CTC'’s
in 7.5 ml of blood from 69 patients with measurable MBC.
Tumorload was assessed by bidimensional radiographic
measurements of up to 8 measurable lesions before in-
itiation of therapy. The tumor load was determined by
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addition of the individual measurements (mm2). CTC’s
were enumerated in blood drawn before initiation of ther-
apy.

[0042] Figure 3 shows the number of CTC’s in 7.5 ml
versus the bidimensional sums of tumor measurements
in the 69 patients. From Figure 3, there is no correlation
between the size of the tumor and the absolute number
of tumor cells in the blood. Some patients with large tu-
mors as measured by imaging have low numbers of
CTC’s and vice versa.

[0043] Thus, tumor burden as measured by radio-
graphic imaging does not correlate with the absolute
number of tumor cells present in the blood.

Example 3

Assessment ofthe tumorload: Comparison between
changes in the radiographic image and changes in
the absolute number of CTC’s.

[0044] Radiographic imaging is the current standard
to assess whether a particular disease is responding,
stabilizing, or progressing to treatment. The interval be-
tween radiographic measurements must be at least 3
months in order to give meaningful results. Consequent-
ly, a test that could predict response to therapy earlier
during the treatment cycle would improve the manage-
ment of patients treated for metastatic diseases, poten-
tially increase quality of life and possibly improve survival.
In this study, patients starting a new line of treatment for
MBC were assessed to determine whether a change in
the number of CTC'’s correlated with a change in patient
status as measured by imaging.

[0045] This imaging system was used to enumerate
CTC’s in 7.5 ml of blood in MBC patients about to start
anew therapy, and at various time points during the treat-
ment cycle. Radiographic measurements were made be-
fore initiation of therapy, 10-12 weeks after initiation of
therapy and after completion of the treatment cycle (ap-
proximately 6 months after initiation of therapy), or at the
time the patient progressed on therapy, whichever came
first.

[0046] From image analysis, a partial response was
found in 14 patients (17 data segments). CTC’s either
decreased or remained undetectable in all cases (see
Figure 4). Stable disease by imaging was found in 30
patients (37 data segments). CTC'’s either decreased or
remained not detectable in all cases (see Figure 4). Dis-
ease progression by imaging was found in 14 patients
(15 data segments). CTC’s increased in 7 of 15 cases.
No CTC’s were detected at either time point in the other
8 cases.

[0047] Anincrease in CTC’s was only observed in pa-
tients with disease progression (100%). A decrease in
CTC’s was only observed in patients with a partial re-
sponse or stable disease (100%). In patients with a partial
response or stable disease, no CTC’s were detected at
both time points in 54 of 61 cases (89%).
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» Example 4

Trends in the number of CTC’s in patients treated for
MBC as a guide to treatment.

[0048] A study in patients with MBC was performed to
determine whether or not clear trends in changes of the
number of CTC could be observed in patients treated for
MBC, and whether or not simple rules could be applied
to such trends in order to guide the treating physician in
optimization of the treatment of patients with MBC.
[0049] Image cytometry was used to enumerate CTC'’s
in 7.5 ml of blood. 81 patients, starting a new line of ther-
apy for MBC, were enrolled in the study. CTC’s were
enumerated in blood drawn before initiation of therapy
and at approximately every month thereafter.

[0050] Clear trends in the number of CTC’s were ob-
served in 76 of 81 (94%) patients. During the course of
therapy, the number of CTC’s was not detectable or re-
mained below 5 CTC per 7.5 ml of blood in 50% of the
patients. A typical example is shown in Figure 6A. The
number of CTC’s decreased during the course of therapy
in 22% of the patients. A typical example is shown in
Figure 6B. A decrease in the number of CTC’s followed
by anincrease during the course of therapy was observed
in 6% of the patients. A typical exampleis shownin Figure
6C. The number of CTC’s increased during the course
of therapy in 16% of the patients. A typical example is
shown in Figure 6D. In 42 instances, 2 blood samples
were prepared and analyzed at the time of each blood
draw. Results using the first tubes drawn at the initial
timepoint and the first tube drawn at the follow-up time
point point were compared to results using the second
tubes drawn ateach timepoint. Inonly one of those cases,
the change in the number of CTC’s 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 CTC'’s, whereas for the second
blood draw, one tube had 5 CTC(below the cut off) and
the second tube had 6 CTC (above the cut off). In com-
parison to the reproducibility of CTC measurements, in-
ter-reader variability 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 radiologists in a set of 146
imaging segments was 85% when Progression versus
non progression was measured and decreased to only
58% when Progression, Stable Disease and Partial re-
sponse were measured. In contrast, analysis of CTC
measurement was performed on the same data set by
two different technologists, resulting in 100% agreement.
[0051] Thus, detection and monitoring CTC in patients
treated for MBC is a more reproducible procedure to
measure response to therapy than radiographic imaging.
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* Example 5

Prediction of PFS and OS before initiation of therapy.

[0052] A study to correlate CTC levels before initiation
of therapy with progression-free survival (PFS) and over-
all survival (OS) was performed whereby a threshold val-
ue of >5 CTC’s/7.5 ml was used.

[0053] 177 patients with measurable MBC were tested
for CTC’s in 7.5 ml of blood before starting a new line of
treatment and at subsequent monthly intervals for a pe-
riod of up to six months. Patients entering into any type
of therapy and any line of therapy were included in the
trial. Disease progression or response was assessed by
the physicians at the sites for each patient.

[0054] As shown in Figure 7, median PFS decreased
as CTC levels increased and reached a plateau that lev-
eled off at 5 CTC’s (vertical line). The median PFS was
approximately 5.9 months for all patients (black dot).
Based on the change in median PFS for positive patients
and the Cox Hazard’s ratio, a cutoff of 2> 5 CTC’s was
used for all subsequent analysis.

[0055] Figure 8 shows a Kaplan Meier analysis of Pro-
gression Free Survival (PFS) and Overall Survival (OS)
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
CTC’s/7.5 ml of blood at baseline had a significantly
shorter PFS than patients with <5 CTC’s (approximately
2.7 monthsvs. 7.0 months, respectively). Overall survival
(OS) reflected the same trend with a median OS of 10.1
months vs. > 18 months for patients with > 5 CTC’s vs.
<5 CTC'’s, respectively.

[0056] The measurement of the number of CTC prior
to initation of a new line of therapy predicts the time until
patients progress on their therapy, and predicts survival
time. Because of this predictive ability, detection and
measurement of CTC’s at baseline provides information
to physicians that will be useful in the selection of appro-
priate treatment. In addition, the ability to stratify patients
into high and low risk groups in terms of PFS and OS
may be very useful to select appropriate patients for entry
into therapeutic trials. For novel drugs with potentially
high toxicity, patients with poor prognostic factors may
be the more appropriate target population. In contrast,
drugs with minimal toxicity and promising therapeutic ef-
ficacy may be more appropriately targeted toward pa-
tients with favorable prognostic factors.

* Example 6

Prediction of PFS and OS at each follow-up time point
during therapy of metastatic breast cancer patients.

[0057] CTCs were assessed serially over the course
of treatment at additional specified intervals. The results
demonstrated that assessment of CTC levels at "all" sub-
sequent follow-up time points, accurately and reproduc-
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ibly predicted the clinical outcome. Patients who convert-
ed from elevated CTCs to non-elevated levels
(<56CTC/7.5mL) exhibited PFS and OS similar to those
whose CTCs were never elevated. This would imply that
patients with <5 CTCs appear to either be responding to
treatment and/or have relatively indolent disease. In con-
trast, OS of patients who converted from non-elevated
CTC levels to elevated CTC levels decreased, but was
not as short as the OS of patients that always exhibited
elevated CTC levels.

[0058] 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 (OS)
times were calculated from the dates of each follow-up
blood draw. Kaplan-Meier plots and survival analyses
were performed using a threshold of >5 CTCs/7.5mL at
each blood draw.

[0059] Median PFS times for patients with <5 CTC at
the five blood draw time points were 7.0, 6.1, 5.6, 7.0,
and 6.0 months, respectively. For patients with >5 CTC,
median PFS was significantly shorter at these time
points: 2.7, 1.3, 1.4, 3.0, and 3.6 months, respectively.
Median OS for patients with <5 CTC at baseline and the
five blood draw time points were all >18.5 months. For
patients with >5 CTC, median OS was significantly short-
eratthesetime points: 10.9,6.3,6.3,6.6,and 6.7 months,
respectively. Median PFS (Figure 9A) and OS (Figure
9B) times at baseline and up to 9-14 weeks after the
initiation of therapy were statistically significantly differ-
ent.

[0060] Detection of elevated CTCs at any time during
therapy is an accurate indication of emerging rapid dis-
ease progression and mortality for MBC patients Accord-
ingly, CTC’s must decline to below 5 at any time point in
the clinical course of a patient with metastatic breast can-
certo maximize PFS and OS, and to maximize the benefit
associated with therapy.

Claims

1. A method for overall survival prognosis in patients
at any point during therapy of metastatic breast can-
cer patients comprising:

a) enriching a fraction of a blood specimen hav-
ing a mixed cell population suspected of con-
taining circulating tumour cells (CTCs), said
fraction containing said CTCs;

b) confirming structural integrity of said CTCs to
be intact; and

c¢) analyzing said intact CTCs at any time during
follow-up treatment of the patient to determine
patient survival, wherein said analyzing corre-
lates intact CTC enumeration of said patient with
said overall survival prognosis based upon a
predetermined statistical association, said ana-
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lyzing being based upon a measurement of CTC
number relative to a threshold number of 5 cir-
culating tumour cells per 7.5 ml of blood, said
measurement above or equal to said threshold
being indicative of a lower said survival progno-
sis.

A method as claimed in claim 1, wherein said circu-
lating CTCs are epithelial cells.

A method as claimed in claim 1, wherein said fraction
is obtained by immunomagnetic enrichment, where-
in said specimen is mixed with magnetic particles
coupled to a biospecific ligand which specifically
binds to said CTCs, to the substantial exclusion of
other populations and subjecting specimen-magnet-
ic particle mixture to a magnetic field to produce a
cell suspension enriched in magnetic particle-bound
CTCs.

A method as claimed in claim 1, wherein said biospe-
cific ligand is an antibody directed against an epithe-
lial cell surface antigen.

A method as claimed in claim 4, wherein said CTCs
have EpCAM as said epithelial cell surface antigen.

A method as claimed in claim 1, wherein said struc-
tural integrity is determined by a procedure selected
from a group consisting ofimmunocytochemical pro-
cedures, RT-PCR procedures, PCR procedures,
FISH procedures, flowcytometry procedures, image
cytometry procedures, and combinations thereof.

A method as claimed in claim 1, wherein said ana-
lyzing is based upon a change in said intact CTC
enumeration occuring during the last follow-up peri-
od to indicate said survival prognosis.

A CTC analysis system for assessing overall survival
in metastatic breast cancer patients at any point dur-
ing therapy, when used in the method of claim 1,
comprising:

a) means for stabilizing cells in a blood specimen
from said patient, said means preserving char-
acteristic determinants of CTCs in said speci-
men, wherein said stabilizing means is selected
from the group consisting of anti-coagulating
agents, stabilizing agents, and combinations
thereof;

b) means for enriching a fraction of said speci-
men, said fraction containing intact CTCs,
wherein said enriching means is selected from
the group consisting of immunomagnetic, den-
sity centrifugation, and combinations thereof;
c) means for confirming structural integrity of
said intact CTCs, wherein said confirming



9.

17 EP 1 861 509 B1 18

means is selected from the group consisting of
immunocytochemical means, RT-PCR means,
PCR means, FISH means, flowcytometry
means, image cytometry means, and combina-
tions thereof; and

d) means for analyzing said intact CTCs at any
time during follow-up treatment of the patient,
wherein said means correlates said intact CTC
enumeration with said overall survival based up-
on a predetermined statistical association, said
analyzing being based upon a measurement of
CTC number relative to a threshold number of
5 circulating tumour cells per 7.5 ml of blood,
said measurement above or equal to said
threshold being indicative of a lower said surviv-
al prognosis, wherein said analysis means is se-
lected from the group consisting of Kaplan-Mei-
er analysis means, Cox proportional hazards re-
gression analysis means, and combinations
thereof.

A method for assessing time to disease progression
in metastatic breast cancer patients at any time point
during therapy comprising:

a) enriching a fraction of a blood specimen hav-
ing a mixed cell population suspected of con-
taining CTCs,, said fraction containing said
CTCs;

b) confirming structural integrity of said CTCs to
be intact; and

¢) analyzing said intact CTCs at any time during
follow-up treatment of the patient to determine
time to disease progression, wherein said ana-
lyzing correlates intact CTC enumeration of said
patient with said time to disease progression
based upon a predetermined statistical associ-
ation, said analyzing being based upon a meas-
urement of CTC number relative to a threshold
number of 5 circulating tumour cells per 7.5 ml
of blood, said measurement above or equal to
said threshold being indicative of a lower said
time to disease progression.

10. A method as claimed in claim 9, wherein said circu-

1.

lating CTCs are epithelial cells.

A method as claimed in claim 9, wherein said fraction
is obtained by immunomagnetic enrichment, where-
in said specimen is mixed with magnetic particles
coupled to a biospecific ligand which specifically
binds to said CTCs, to the substantial exclusion of
other populations and subjecting specimen-magnet-
ic particle mixture to a magnetic field to produce a
cell suspension enriched in magnetic particle-bound
CTCs.

12. Amethod as claimed in claim 9, wherein said biospe-
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13.

14.

15.

16.

cific ligand is an antibody directed against an epithe-
lial cell surface antigen.

A method as claimed in claim 9, wherein said CTCs
have EpCAM as said epithelial cell surface antigen.

A method as claimed in claim 9, wherein said struc-
tural integrity is determined by a procedure selected
from a group consisting ofimmunocytochemical pro-
cedures, RT-PCR procedures, PCR procedures,
FISH procedures, flowcytometry procedures, image
cytometry procedures, and combinations thereof.

A method as claimed in claim 9, wherein said ana-
lyzing is based upon a change in said intact CTC
enumeration during the last follow-up period to indi-
cate said time to disease progression.

A CTC analysis system for assessing time to disease
progression in a metastatic breast cancer patient at
any time during therapy, when used in the method
of claim 9, said CTC analysis system comprising:

a) means for stabilizing cells in a blood specimen
from said patient, said means preserving char-
acteristic determinants of CTCs in said speci-
men, wherein said stabilizing means is selected
from the group consisting of anti-coagulating
agents, stabilizing agents, and combination
thereof;

b) means for enriching a fraction of said speci-
men, said fraction containing intact CTCs,
wherein said enriching means is selected from
a group consisting of immunomagnetic, density
centrifugation, and combinations thereof;

c) means for confirming structural integrity of
said intact CTCs, wherein said confirming
means is selected from the group consisting of
immunocytochemical means, RT-PCR means,
PCR means, FISH means, flowcytometry
means, image cytometry means, and combina-
tions thereof; and

d) means for analyzing said intact CTCs at any
time during follow-up treatment of the patient,
wherein said means correlates said intact CTC
enumeration with said time to disease progres-
sion based upon a predetermined statistical as-
sociation, said analyzing being based upon a
measurement of CTC number relative to a
threshold number of 5 circulating tumour cells
per 7.5 ml of blood, said measurement above or
equal to said threshold being indicative of a low-
er said time to disease progression, wherein
said analysis means is selected from the group
consisting of Kaplan-Meier analysis means, Cox
proportional hazards regression analysis
means, and combinations thereof.
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Patentanspriiche

Verfahren zur Prognose des Gesamtiiberlebens bei
Patienten zu irgendeinem Zeitpunkt wahrend der
Behandlung von Patienten mit metastasierendem
Brustkrebs, umfassend:

a) Anreichern einer Fraktion einer Blutprobe mit
einer gemischten Zellpopulation, die unter Ver-
dacht steht zirkulierende Tumorzellen (circlua-
ting tumor cells, CTCs) zu enthalten, wobei die
Fraktion die CTCs enthélt;

b) Bestatigen, dass die strukturelle Integritat der
CTCs intakt ist; und

c) Analysieren der intakten CTCs zu irgendei-
nem Zeitpunkt wahrend der Nachbehandlung
des Patienten, um das Uberleben des Patienten
zu bestimmen, wobei das Analysieren die Aus-
zahlung intakter CTCs des Patienten mit der
Prognose des Gesamtiiberlebens, die auf ei-
nem vorbestimmten statistischen Zusammen-
hang basiert, korreliert, wobei das Analysieren
auf einer Messung der Anzahl von CTCs bezo-
gen auf einen Schwellenwert von 5 zirkulieren-
den Tumorzellen pro 7,5 mL Blut basiert, wobei
der Messwert oberhalb oder gleich diesem
Schwellenwert auf eine niedrigere Uberle-
bensprognose hinweist.

Verfahren nach Anspruch 1, wobei die zirkulieren-
den CTCs Ephithelzellen sind.

Verfahren nach Anspruch 1, wobei die Fraktion
durch immunomagnetische Anreicherung erhalten
wird, wobei die Probe mit magnetischen Teilchen,
die an einen biospezifischen Liganden gebunden
sind, der spezifisch an die CTCs bindet, gemischt
wird, zum wesentlichen Ausschluss anderer Popu-
lationen und Aussetzen des Gemisches aus Probe
und magnetischen Partikeln einem Magnetfeld, um
eine Zellsuspension herzustellen, welche an CTCs
angereichertist, die an magnetische Partikel gebun-
denen sind.

Ein Verfahren nach Anspruch 1, wobei der biospe-
zifische Ligand ein gegen ein Oberflachenantigen
von Epithelzellen gerichteter Antikorper ist.

Verfahren nach Anspruch 4, wobei die CTCs als das
Oberflachenantigen von Epithelzellen EpCAM auf-
weisen.

Verfahren nach Anspruch 1, wobei die strukturelle
Integritét durch ein Verfahren bestimmtwird, das aus
einer Gruppe bestehend aus immunzytochemi-
schen Verfahren, RT-PCR-Verfahren, PCR-Verfah-
ren, FISH-Verfahren, Durchflusszytometrie-Verfah-
ren, Bildzytometrie-Verfahren und Kombinationen
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1"

davon ausgewahlt ist.

Verfahren nach Anspruch 1, wobei das Analysieren
auf einer Anderung bei der Auszahlung der intakten
CTCs basiert, die wahrend des letzten Nachbeob-
achtungszeitraums auftritt, um auf die Uberle-
bensprognose hinzuweisen.

CTC-Analysesystem zur Beurteilung des Gesamtu-
berlebens bei Patienten mit metastasierendem
Brustkrebs zu irgendeinem Zeitpunkt wahrend der
Behandlung, wenn in dem Verfahren nach Anspruch
1 verwendet, umfassend:

a) Mittel zum Stabilisieren von Zellen in einer
Blutprobe des Patienten, wobei das Mittel cha-
rakteristische Determinanten der CTCs in der
Probe bewahrt, wobei das Stabilisierungsmittel
aus der Gruppe bestehend aus anti-koagulie-
renden Mitteln, Stabilisatoren und Kombinatio-
nen davon ausgewahlt ist;

b) Mittel zum Anreichern einer Fraktion der Pro-
be, wobei die Fraktion intakte CTCs enthalt, wo-
bei das Anreicherungsmittel aus der Gruppe be-
stehend aus immunomagnetischen Mitteln,
Dichtezentrifugation und Kombinationen davon
ausgewahlt ist;

c¢) Mittel zur Bestatigung der strukturellen Inte-
gritdt der intakten CTCs, wobei das Bestati-
gungsmittel aus der Gruppe bestehend aus im-
munzytochemischen Mitteln, RT-PCR-Mitteln,
PCR-Mitteln, FISH-Mitteln, Durchflusszytomet-
rie-Mitteln, Bildzytometrie-Mittel und Kombina-
tionen davon ausgewahilt ist; und

d) Mittel zum Analysieren der intakten CTCs zu
irgendeinem Zeitpunkt wahrend der Nachbe-
handlung des Patienten, wobei das Mittel die
Auszahlung intakter CTCs mit dem Gesamti-
berleben, welches auf einem vorbestimmten
statistischen Zusammenhang basiert, korreliert,
wobei das Analysieren auf einer Messung der
Anzahl von CTCs bezogen auf einen Schwel-
lenwert von 5 zirkulierenden Tumorzellen pro
7,5 mL Blut basiert, wobei der Messwert ober-
halb oder gleich diesem Schwellenwert auf eine
niedrigere Uberlebensprognose hinweist, wobei
das Analysemittel aus der Gruppe bestehend
aus Mitteln zur Kaplan-Meier-Analyse, Mitteln
zur proportionalen Hazard-Regressionsanalyse
nach Cox und Kombinationen davon ausge-
wabhlt ist.

9. Verfahren zum Abschéatzen der Zeit zur Krankheits-

progression bei Patienten mit metastasierendem
Brustkrebs zu irgendeinem Zeitpunkt wahrend der
Behandlung, umfassend:

a) Anreichern einer Fraktion einer Blutprobe mit
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einer gemischten Zellpopulation, die unter Ver-
dacht steht zirkulierende Tumorzellen (circlua-
ting tumor cells, CTCs) zu enthalten, wobei die
Fraktion die CTCs enthélt;

b) Bestatigen, dass die strukturelle Integritat der
CTCs intakt ist; und

c) Analysieren der intakten CTCs zu irgendei-
nem Zeitpunkt wahrend der Nachbehandlung
des Patienten, um die Zeit zur Krankheitspro-
gression zu bestimmten, wobei das Analysieren
die Auszahlung intakter CTCs des Patienten mit
der Zeit zur Krankheitsprogression, die auf ei-
nem vorbestimmten statistischen Zusammen-
hang basiert, korreliert, wobei das Analysieren
auf einer Messung der Anzahl von CTCs bezo-
gen auf einen Schwellenwert von 5 zirkulieren-
den Tumorzellen pro 7,5 mL Blut basiert, wobei
der Messwert oberhalb oder gleich diesem
Schwellenwert auf eine kiirzere Zeit zur Krank-
heitsprogression hinweist.

Verfahren nach Anspruch 9, wobei die zirkulieren-
den CTCs Ephithelzellen sind.

Verfahren nach Anspruch 9, wobei die Fraktion
durch immunomagnetische Anreicherung erhalten
wird, wobei die Probe mit magnetischen Teilchen,
die an einen biospezifischen Liganden gebunden
sind, der spezifisch an die CTCs bindet, gemischt
wird, zum wesentlichen Ausschluss anderer Popu-
lationen und Aussetzen des Gemisches aus Probe
und magnetischen Partikeln einem Magnetfeld, um
eine Zellsuspension herzustellen, welche an CTCs
angereichertist, die an magnetische Partikel gebun-
denen sind.

Verfahren nach Anspruch 9, wobei der biospezifi-
sche Ligand ein gegen ein Oberflachenantigen von
Epithelzellen gerichteter Antikorper ist.

Verfahren nach Anspruch 9, wobei die CTCs als das
Oberflachenantigen von Epithelzellen EpCAM auf-
weisen.

Verfahren nach Anspruch 9, wobei die strukturelle
Integritét durch ein Verfahren bestimmtwird, das aus
einer Gruppe bestehend aus immunzytochemi-
schen Verfahren, RT-PCR-Verfahren, PCR-Verfah-
ren, FISH-Verfahren, Durchflusszytometrie-Verfah-
ren, Bildzytometrie-Verfahren und Kombinationen
davon ausgewahlt ist.

Verfahren nach Anspruch 9, wobei das Analysieren
auf einer Anderung bei der Auszahlung der intakten
CTCs basiert, die wahrend des letzten Nachbeob-
achtungszeitraums auftritt, um auf die Zeit zur Krank-
heitsprogression hinzuweisen.
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16. CTC-Analysesystem zum Abschéatzen der Zeit zur

Krankheitsprogression bei Patienten mit metasta-
sierendem Brustkrebs zu irgendeinem Zeitpunkt
wahrend der Behandlung, wenn in dem Verfahren
nach Anspruch 9 verwendet, wobei das CTC-Ana-
lysesystem umfasst:

a) Mittel zum Stabilisieren von Zellen in einer
Blutprobe des Patienten, wobei das Mittel cha-
rakteristische Determinanten der CTCs in der
Probe bewahrt, wobei das Stabilisierungsmittel
aus der Gruppe bestehend aus anti-koagulie-
renden Mitteln, Stabilisatoren und Kombinatio-
nen davon ausgewahlt ist;

b) Mittel zum Anreichern einer Fraktion der Pro-
be, wobei die Fraktion intakte CTCs enthalt, wo-
bei das Anreicherungsmittel aus der Gruppe be-
stehend aus immunomagnetischen Mitteln,
Dichtezentrifugation und Kombinationen davon
ausgewahlt ist;

c¢) Mittel zur Bestatigung der strukturellen Inte-
gritdt der intakten CTCs, wobei das Bestati-
gungsmittel aus der Gruppe bestehend aus im-
munzytochemischen Mitteln, RT-PCR-Mitteln,
PCR-Mitteln, FISH-Mitteln, Durchflusszytomet-
rie-Mitteln, Bildzytometrie-Mittel und Kombina-
tionen davon ausgewahilt ist; und

d) Mittel zum Analysieren der intakten CTCs zu
irgendeinem Zeitpunkt wahrend der Nachbe-
handlung des Patienten, wobei das Mittel die
Auszahlung intakter CTCs mit der Zeit zur
Krankheitsprogression, die auf einem vorbe-
stimmten statistischen Zusammenhang basiert,
korreliert, wobei das Analysieren auf einer Mes-
sung der Anzahl von CTCs bezogen auf einen
Schwellenwert von 5 zirkulierenden Tumorzel-
len pro 7,5 mL Blut basiert, wobei der Messwert
oberhalb oder gleich diesem Schwellenwert auf
eine klrzere Zeit zur Krankheitsprogression hin-
weist, wobei das Analysemittel aus der Gruppe
bestehend aus Mitteln zur Kaplan-Meier-Analy-
se, Mitteln zur proportionalen Hazard-Regressi-
onsanalyse nach Cox und Kombinationen da-
von ausgewahlt ist.

Revendications

Procédé de pronostic de la survie globale chez des
patients a tout point durant le traitement de patientes
souffrant d'un cancer du sein métastasé
comprenant :

a) I'enrichissement d’'une fraction d’'un échan-
tillon de sang comprenant une population cellu-
laire mixte suspectée de contenir des cellules
tumorales circulantes (CTC), ladite fraction con-
tenant lesdites CTC ;
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b) la confirmation du caractére intact de l'inté-
grité structurale desdites CTC ; et

c) 'analyse desdites CTC intactes a tout mo-
ment durant le traitement de suivi de la patiente
pour déterminer la survie de la patiente, dans
lequel ladite analyse corréle la numération des
CTC intactes de ladite patiente avec ledit pro-
nostic de survie globale sur la base d’'une asso-
ciation statistique prédéterminée, ladite analyse
étant basée sur une mesure du nombre de CTC
par rapport a un nombre seuil de 5 cellules tu-
morales circulantes pour 7,5 ml de sang, ladite
mesure supérieure ou égale audit seuil indi-
quant que ledit pronostic de survie est inférieur.

Procédé selon la revendication 1, dans lequel lesdi-
tes CTC circulantes sont des cellules épithéliales.

Procédé selon la revendication 1, dans lequel ladite
fraction est obtenue par enrichissementimmunoma-
gnétique, dans lequel ledit échantillon est mélangé
avec des particules magnétiques couplées a un li-
gand biospécifique qui se lie spécifiquement auxdi-
tes CTC a I'exclusion sensible d’autres populations
et la soumission du mélange échantillon-particules
magnétiques a un champ magnétique pour produire
une suspension cellulaire enrichie en CTC liées aux
particules magnétiques.

Procédé selon la revendication 1, dans lequel ledit
ligand biospécifique est un anticorps dirigé contre
un antigene de la surface des cellules épithéliales.

Procédé selon la revendication 4, dans lequel lesdi-
tes CTC comprennent EpCAM en tant que ledit an-
tigéne de la surface des cellules épithéliales.

Procédé selon la revendication 1, dans lequel ladite
intégrité structurale est déterminée par une procé-
dure choisie dans un groupe constitué des procédu-
res immunocytochimiques, des procédures de RT-
PCR, des procédures de PCR, des procédures de
FISH, des procédures de cytométrie en flux, des pro-
cédures de cytométrie en images, et de leurs com-
binaisons.

Procédé selon la revendication 1, dans lequel ladite
analyse est basée sur un changement de ladite nu-
mération des CTC intactes survenant durant la der-
niere période de suivi pour indiquer ledit pronostic
de survie.

Systeme d’analyse des CTC pour I'estimation de la
survie globale chez des patientes souffrant d’'un can-
cer du sein métastasé a tout point durant le traite-
ment, lors d’une utilisation dans le procédé selon la
revendication 1, comprenant :
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a) un moyen de stabilisation des cellules dans
un échantillon de sang provenant de ladite pa-
tiente, ledit moyen préservant les déterminants
caractéristiques des CTC dans ledit échantillon,
dans lequel ledit moyen de stabilisation est choi-
si dans le groupe constitué d’agents anticoagu-
lants, d’agents stabilisants, et de leurs
combinaisons ;

b) un moyen d’enrichissementd’une fraction du-
dit échantillon, ladite fraction contenant des
CTC intactes, dans lequel ledit moyen d’enri-
chissement est choisi dans le groupe constitué
d’'un moyen immunomagnétique, de centrifuga-
tion en gradient de densité, et de leurs
combinaisons ;

¢) un moyen de confirmation de l'intégrité struc-
turale desdites CTC intactes, dans lequel ledit
moyen de confirmation est choisi dans le groupe
constitué des moyens immunocytochimiques,
des moyens de RT-PCR, des moyens de PCR,
des moyensde FISH, des moyens de cytométrie
en flux, des moyens de cytométrie en images,
et de leurs combinaisons ; et

d) un moyen d’analyse desdites CTC intactes a
tout moment durant le traitement de suivi de la
patiente, dans lequel ledit moyen corréle ladite
numeération des CTC intactes avec ladite survie
globale surla base d’'une association statistique
prédéterminée, ladite analyse étant basée sur
une mesure du nombre de CTC par rapport a
un nombre seuil de 5 cellules tumorales circu-
lantes pour 7,5 ml de sang, ladite mesure supé-
rieure ou égale audit seuil indiquant que ledit
pronostic de survie est inférieur, dans lequel le-
dit moyen d’analyse est choisi dans le groupe
constitué des moyens d’analyse de Kaplan-
Meier, des moyens d’analyse de la régression
a risques proportionnels de Cox, et de leurs
combinaisons.

Procédé d’estimation du temps pour la progression
de la maladie chez des patientes souffrant d’'un can-
cer du sein métastasé a tout point de temps durant
le traitement comprenant :

a) I'enrichissement d’'une fraction d’'un échan-
tillon de sang comprenant une population cellu-
laire mixte suspectée de contenir des CTC, la-
dite fraction contenant lesdites CTC ;

b) la confirmation du caractére intact de l'inté-
grité structurale desdites CTC ; et

c) 'analyse desdites CTC intactes a tout mo-
ment durant le traitement de suivi de la patiente
pour déterminer le temps pour la progression de
la maladie, dans lequel ladite analyse correle la
numération des CTC intactes de ladite patiente
avec ledit temps pour la progression de la ma-
ladie sur la base d’'une association statistique
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prédéterminée, ladite analyse étant basée sur
une mesure du nombre de CTC par rapport a
un nombre seuil de 5 cellules tumorales circu-
lantes pour 7,5 ml de sang, ladite mesure supé-
rieure ou égale audit seuil indiquant que ledit
temps pour la progression de la maladie est in-
férieur.

Procédé selon la revendication 9, dans lequel lesdi-
tes CTC circulantes sont des cellules épithéliales.

Procédé selon la revendication 9, dans lequel ladite
fraction est obtenue par enrichissementimmunoma-
gnétique, dans lequel ledit échantillon est mélangé
avec des particules magnétiques couplées a un li-
gand biospécifique qui se lie spécifiquement auxdi-
tes CTC a I'exclusion sensible d’autres populations
et la soumission du mélange échantillon-particules
magnétiques a un champ magnétique pour produire
une suspension cellulaire enrichie en CTC liées aux
particules magnétiques.

Procédé selon la revendication 9, dans lequel ledit
ligand biospécifique est un anticorps dirigé contre
un antigene de la surface des cellules épithéliales.

Procédé selon la revendication 9, dans lequel lesdi-
tes CTC comprennent EpCAM en tant que ledit an-
tigéne de la surface des cellules épithéliales.

Procédé selon la revendication 9, dans lequel ladite
intégrité structurale est déterminée par une procé-
dure choisie dans un groupe constitué des procédu-
res immunocytochimiques, des procédures de RT-
PCR, des procédures de PCR, des procédures de
FISH, des procédures de cytométrie en flux, des pro-
cédures de cytométrie en images, et de leurs com-
binaisons.

Procédé selon la revendication 9, dans lequel ladite
analyse est basée sur un changement de ladite nu-
mération des CTC intactes durant la derniére pério-
de de suivi pour indiquer ledit temps pour la progres-
sion de la maladie.

Systeme d’analyse des CTC pour estimer le temps
pour la progression de la maladie chez une patiente
souffrant d’'un cancer du sein métastasé a tout mo-
ment durant le traitement, lors d’une utilisation dans
le procédé selon la revendication 9, ledit systeme
d’analyse des CTC comprenant :

a) un moyen de stabilisation des cellules dans
un échantillon de sang provenant de ladite pa-
tiente, ledit moyen préservant les déterminants
caractéristiques des CTC dans ledit échantillon,
danslequelledit moyen de stabilisation est choi-
si dans le groupe constitué d’agents anticoagu-
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lants, d’agents stabilisants, et de leurs
combinaisons ;

b) un moyen d’enrichissementd’une fraction du-
dit échantillon, ladite fraction contenant des
CTC intactes, dans lequel ledit moyen d’enri-
chissement est choisi dans le groupe constitué
d’'un moyen immunomagnétique, de centrifuga-
tion en gradient de densité, et de leurs
combinaisons ;

¢) un moyen de confirmation de l'intégrité struc-
turale desdites CTC intactes, dans lequel ledit
moyen de confirmation est choisi dans le groupe
constitué des moyens immunocytochimiques,
des moyens de RT-PCR, des moyens de PCR,
des moyens de FISH, des moyens de cytométrie
en flux, des moyens de cytométrie en images,
et de leurs combinaisons ; et

d) un moyen d’analyse desdites CTC intactes a
tout moment durant le traitement de suivi de la
patiente, dans lequel ledit moyen corréle ladite
numération des CTC intactes avec ledit temps
pour la progression de la maladie sur la base
d’'une association statistique prédéterminée, la-
dite analyse étant basée sur une mesure du
nombre de CTC par rapport a un nombre seuil
de 5 cellules tumorales circulantes pour 7,5 ml
de sang, ladite mesure supérieure ou égale
audit seuil indiquant que ledit temps pour la pro-
gression de la maladie est inférieur, dans lequel
ledit moyen d’analyse est choisi dans le groupe
constitué des moyens d’analyse de Kaplan-
Meier, des moyens d’analyse de la régression
a risques proportionnels de Cox, et de leurs
combinaisons.
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Figure 1
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Figure 2

A: Current Standard: Changes on radiographic imaging (1 to 8 lesions
measured).
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Figure 3
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Figure 4
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Partial Response:

17 data segments from
14 different patients

Stable Disease:

37 data segments from
30 different patients
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Figure 5
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Figure 6

Panel A: Less than 5 CTC's per 7.5 ml at all time points
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Figure 6 (continued)

Panel C: Decrease in CTC's followed by an increase
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Figure 7
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Figure 8
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Figure 9

Group

Description N (%)

1
2
3
4

<5 CTCs at All Time Points 83 (47%)

>5 at Baseline & <5 CTC at Last Draw 38 (21%)
<5 at Early Draw & >5 CTC at Last Draw 17 (10%)

>5 CTCs at All Time Points 39 (22%)
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