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TUMOR CELL ISOLATION/PURIFICATION PROCESS
AND METHODS FOR USE THEREOF

CROSS-REVERENCETORELATED APPLICATIONS

This application is the international stage of U.S. Provisional Patent Application No.

61/647.248, filed on 15 May 2012, which is hereby incorporated by reference in its entirety.

FIELD OF THY DISCLOSURE

The present disclosure is directed to methods for evaluating the ability of at least one
generic and/or proprietary anti-cancer drug candidate to mduce apoptosis in cancer cells, More
specifically, the present disclosure provides methods that relate to tumor cell purification and
isolation, which are particularly optimized for a given specimen’s tissue of origin. Further still,
the present disclosure provides assays and wethodologies, which allow for the accurate and
robust comparison of the relative ability of at least one generic and proprictary drug to induce

apoptosis in cancer cells.

ACKGROUND

Cell death may occur in a variety of ways, but most successful anti-cancer drugs tend to
cause death of cancer cells by the very specific process of apoptosis. Apoptosis is a mechanism
by which a cell disassembles and packages itself for orderly disposal by the body. Apoptosis is
commonly used by the body to discard cells when they are no longer needed, are too old, or
have become damaged or diseased. In fact, sowe cells with dangerous mutations that might lead
to cancer, and even some early-stage cancerous cells, may undergo apoptosts as a result of
natural processes.

Druring apoptosis, the cell cuts and stores DNA, condenses the nucleus, discards excess
water, and undergoes various changes to the cell membrane, such as blebbing, the formation of
irregular bulges in the cell membrane. (See FIG.1.} Apoptosis generaily occurs after one of
several triggers sends 4 signal to the cell that it should undergo apoptosis. In many cancer cells,
this message systen does not work correctly because the cell cannot detect the trigger, fails to
send a signal properly after the trigger is received, or fails to act on the signal, or the cell may
even have combinations of these problems. The overall effect ts a resistance to undergoing
apoptosis in some cancer cells.

{Cancer, as used herein, includes all cancers or malignancies, both hematologic and non-
hematologic, as well as myelodysplastic syndromes (MDS). This contemplates the four major
categories for all blood/ruarrow cancers, solid tumors, and effusions: leskemua, lymphomas,
epithelial malignancies, and mesenchymal malignancies.
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Although many cffective cancer drugs can induce cancerous cells to undergo apoptosis
despite their resistance to the apoptotic process, no drag works against all types of cancer cells
and no test predicts the relative efficacy of these drugs based on kinetic unit measurements of
apoptosis. Accordingly, there is a need 1o detect whether a particular drug candidate can cause
apoptosis in various types of cancer cells and also to determine the drug candidate’s
effectiveness as compared to other drugs or drug candidates, especially with regard to individual
patients.

The Microculture Kinetic Assay (MiCK assay), described in U.S, Patent 6,077,684 and
U.S. Patent 6,258,553, 1s currently used to detect whether leukerma cells from a patient undergo
apoptosis in response to a particular drug known to be effective against one or more types of
leukerma. In the MiCK assay, cancer cells from a paticnt ave placed in a suspension of a given
concentration of single cells or small cell clusters and allowed to adjust to conditions i multiple
wells of a microtiter plate. Control solutions or solutions with various concentrations of known
anti-cancer drugs, typically those drugs recommended for the patient's cancer type, are
introduced into the wells with one test sample per well. The optical density of each well 1s then
measured periodically, typically every few minutes, for a pertod of hours to days. As a cell
undergoes apoptosis-related blebbing, its optical density increases in a detectable and specttic
fashion. I the cell does not undergo apoptosis or dies from other causes, is optical density does
not change in this manner. Thus, if a plot of optical density (OD) v. time for a well yields a
straight line curve having a positive slope over the time, followed by a plateau and/or a negative
stope, then the anti-cancer drug in that well induces apoptosis of the patient’s cancer cells and
roight be a suitable therapy for that patient. O v. time data may also be used to calenlate kinetic
units, the units which can be used to measure apoptosts, which similarly correlate with the
suitability of a therapy for the patient. One of ordinary skill in the art will be fanuliar with the
aforementioned general description of the MiCK assay. Further, the contents of U.S. Patent
6,077,684 and U.S. Patent 6,258,553, are herein incorporated by reference in their entirety for all
purposes, and provide a more detatled description of the MiCK assay.

Although the MiCK assay has been used to detect the effects of known anticancer drugs
on a particular patient’s leukemia cancer cells, there remains a need to develop vanations of the
assay that are specifically adapted to various tumor cell specimen origins. The previously
referenced MiCK assay only contemplated blood caucers and specifically Leukerna. Because of
the limited scope of current MiCK assays, there is a need in the art for MiCK assays that are
particularly suited and sensitive to the detection of apoptosis-related cell/chemical interactions,
as encountered in specimens resulting from not only blood cancers, but also other tumor sources.

The development of improved MiCK assays and mcthodologies that are customized for a
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specimen of a particular origin will enable researchers to provide further accuracy and
robustness to the individualized treatment protocols obtainable with the use of MiCK assays.
Furthermore, a critical aspect of any screening assay is isolating the cancer cells from other non-
cancer colls and materials in a specimen and the purity of the cells on which compounds or
drugs are tested.

There s also a great need in the art to develop MiCK assays that are suitable for
comparative analysis between proprietary pharmaceutical chemotherapy drugs and their generic
equivalents. The term “proprictary” includes single source drugs and/or brand name drugs or
chemicals; the term “generic” 1ncludes multisource drugs and/or non-brand name drugs or
chemicals. The development of such assays and protocols would enable physicians to make
cost-effective pre-treatment decisions based upon the relative response of the proprietary drag
versus a generic equivalent. These decisions, whether to use a proprietary drug or generic in the
treatruent of particular cancers, have huge traplications for not only mdividual paticuts that arc

faced with enormous treatment costs, but also for the healthcare industry as a whole.

It 1s therefore an object of the current disclosure to provide improved methods of tumor
cell 1solation and purification from specimens that are to be used in MiCK assays. Further,
improvements to the MiCK assay itself are also disclosed, which enable the creation of 2 more
sensitive and robust assay. These mwethods and assays allow for a determination of apoplosis in
atf types of cancer cells and are not Hmited to leukemia.

Methods according to aspects of the present invention are wuch ioproved over the
MiCK assay protocols heretofore known and provide practitioners with the ability to customize
turnor cell purification and isolation protocols depending upon the tumor cell’s ongin.

The improvements to the MiCK assay include, for example, a refinement to the
caleulation and derivation of KU values and the coefficient used in determining said KU value,
This improvement allows practitioner’s to tatlor a plan of chemotherapy to a particular patient’s
disease, by utilizing the disclosed method of deriving more sensitive coefficient and KU values.

It will be readily appreciated that the methodologies disclosed in the present application
allow for a more robust and accurate MiCK assay. The improvements to the MiCK assay
protocols from the disclosed ructhodologies lead to corresponding increases in the assay’s ability
to provide medical practitioners with valuable data to assist in developing patient treatment
strategies. Because chemotherapeutic drugs produce significant side effects — regardless of
whether they are effective against the type of cancer being treated — those of ordinary skill in

the art recognize that it 1s fmperative that the chemotherapeutic drug(s) that are most effective
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against an individual patient’s cancer be identified before initiating treatment. Lacking,
however, 1s an effective and reliable method for achieving this goal.

It is a further object of the current disclosure to provide MiCK assays and methods that
are able to compare the relative effectiveness of proprictary versus generic chemotherapy drugs.
The ability to compare the relative ability of proprictary versus generic drugs of interest to
induce apoptosis in a particular cancer type 1s an invaluable imaprovement to the state of the art.
Practitioners armed with the ability to choose between generics and proprictary drug choices
based upon demonstrated results, from the assays and methods disclosed heremn, will be well
suited Lo provide the best treatment strategies for their patients. These micro-scale efficiencies
patient treatment are parallel to the macro-scale efficiencies that will imure to the entire
healtheare wndustry as a whole. The preseunt disclosure allows for huge potential cost savings to
the entire healthcare industry because doctors will be enabled by the present methods to choose
between generic chemotherapy drugs and proprietary drugs to identify the most effective ones
based upon individualized patient MiCK assay results, rather than commercial influences or
inconclusive peer-reviewed lterature.

In an embodiment, the materials and methods of the present invention are for use in
immunological procedures for the 1solation and purification (and also enrichment) of tumor cells
derived from solid tumor, blood, bone marrow, and etffusion specitoens. The ability to obtamn
uncontanunated cancer cell samples is one of the major bottlenecks in the study of tumor
development, cancer biology, and drug screening. Tumor biopsies from cancer patients and
animal tumor models often contain a heterogeneous population of cells that include normal
tissue, blood, and cancer cells. This muxed population makes diagnosis and valid experimental
conclusions difficult to obtain and interpret. The present methods alleviate these problems by
providing specific protocols tailored to the mdividual tissue samples’ physiological origin.

Another embodiment of the present invention relates to a method of tumor cell isolation
and purification comprising the steps of: a) obtaining a turnor specimeny b) treating the
specimen with an antibiotic mixture within 24-48 hours; ¢) mincing, digesting, and filtering the
specimen; d) optionally removing non-viable cells by density gradient centrifugation; ¢}
incubating the cell suspension to remove macrophages by adherence; ) performing positive,
negative, and/or depletion isolation to isolate the cells of interest; g) removing any remaining
racrophages, if necessary, using CD14 antibody conjugated magnetic beads; b) plating the final
suspension {e.g., adding the final suspension to the wells of a 384 well plate); and 1) incubating
plate overnight at 37°C 1 a 3% carbon dioxide {CO») hurmidified atmosphere.

Therefore, in an embodiment, the present methods relate to: A method of evaluating the
relative apoptosis-inducing activity of an anti-cancer drug candidate, comprising:

4
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obtaining cancer cells from a tumeor specimen;

roncing, digesting, and filtering the speciroen;

optionally removing non-viable cells by density gradient centrifugation;
incubating the cell suspension to remove macrophages by adherence;

performing positive, negative, and/or depletion isclation to isolate the cells of
mterest;

removing any remaining macrophages, il necessary, using CD14 antibody
conjugated magnetic beads;

plating the final suspension;

incubating the plate;

exposing at least one well of a plated final suspeunsion to at least one first anti-
cancer drug candidate or mixtures of the first candidate and other substances;
exposing at least one well of a plated final suspension to at least one second anti-
cancer drug candidate or mixtures of the second candidate and other substances;
measuring the optical density of the wells exposed to the at least one first and
second anti-cancer drug candidates, or wells containing mixtures of at Jeast one
first or at least one second anti-cancer drug candidate and other substances,
wheretn said measuring of the optical density occurs n a serial wanner at
selected time intervals for a selecied duration of time;

determining a knetic units value for the at least one first and second anti-cancer
drug candidates from the optical density and time measurements;

correlating the kinetic units value for each drug candidate with:

a) an ability of the anti-cancer drug candidate to induce apoptosis in the

cancer cells if the kinctic units value s greater than a predetermined

threshold:
b} an inability of the anti-cancer drug candidate to induce apoptosis in the

cancer cells if the kinetic units value is less than a predetermined
threshold;
comparing the determined kinetics units value for cach drug candidate; and
determining a drug candidate that has a greater relative ability to induce apoptosis

in a cancer cell based upon the comparison in step (1),

An embodiment of the invention may also involve the aforementioned steps a}- o},

wherein the at least one first and second anti-cancer drug candidates comprise at least one

generic drug candidate and one proprictary drug candidate.
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The invention also comprises embodiments in which there is a step p) comprising
deterroining the monetary consequences resuliant from choosing either the generic or proprietary
drug candidate, wherein the drug candidate with the highest relative kinetic units value is
selected. In cortain emboduments, the monctary consequences are determined based upon
treating a single patient with the selected drug with the higher kinetic units value versus the cost
that would have occurred based upon the drug candidate with the lower kanctic units valuc.
Generic drugs are generally defined as drugs obtainable from multiple manufacturer sources;
whereas, proprictary drugs are defined as those drugs obtainable from only one manufacturer.

Still further erabodiroents of the present invention corprise a step ) that involves
extrapolating the monetary consequences determined from step p) to a target population. Such a
target population could coraprise any population that 1s at least 2 paticuts. Particularly,
embodiments of the invention relate to populations that are on a community scale (2 to 10
people, 10 to 20 people, 20 to 50 people, 50 to 100 people, 100 to 300 people, 300 to 1000
people for example), aregional scale (1000 to 2000 people, 2000 to 16000 people for example),
a statewide scale (10,000 to 20, 000 people, 20,000 to 30, 600 people for example, or defined as
the number of people within a state that are potential candidates for the examined drug
treatmuent), and a vationwide scale {defined as all people within a country that are potential
candidates for the examined drug). In a particular enbodiment of the wvention the target
population is a nationwide population from the United States. Such extrapolation may be
performed with a suitably programmed computer.

Methods of the present invention may utilize tumor specimens from a variety of sources,
for example: solid tumor specimens, blood specimeus, boue marrow specimens, and effusion
derived specimens are just a few of the specific tumor specimen types suitable for the currently
disclosed methods.

Embodiments of the present invention may be utilized to test a wide variety of
malignancies. For example, the present disclosure can be used to test the following carcinomas:
{Ovarian carcinoma {serous cystadenocarcinoma, mucinous cystadenocarcinoma,

endometrioid carcinoma), Ovarian granulosa cell tumor, Faliopian tube

adenocarcinoma, Peritoneal carcinoma, Uterine (endometrial) adenocarcinoma,
sarcomatoid carcinoma, Cervical squamous cell carcinoma, Endocervical
adenocarcinoma, Valvar carcinoma, Breast carcinoma, primary and metastatic

{ductal carcinoma, mucinous carcinoma, lobular carcinoma, malignant phyliodes

tumor), Head and neck carcinoma, Oral cavity carcinoma including tongue,

primary and metastatic, Esophageal carcinoma, squamous cell carcinoma and

adenocarcinoma, Gastric adenocarcinoma, maliguant lyraphoma, GIST, Primary

&
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small bowel carcinoma, Colonic adenocarcinoma, primary and metastatic
{(adenocarcinoma, mucinous carcinoma, large cell neuroendocrine carcinoma,
colloid carcinoma), Appendiceal adenocarcinoma, Colorectal carcinoma, Rectal
carcinoma, Anal carcinorna (squamous, basaloid), Carcinoid tumors, primary and
metastatic (appendix, small bowel, colon}, Pancreatic carcinoma, Liver
carcinoma (hepatocellular carcinoma, cholangiocarcinoma), Metastatic
carcinoma to the liver, Lung cancer, primary and metastatic (squamous cell,
adenocarcinoma, adenosquamous carcinoma, giant cell carcinoma, nonsmall cell
carcinoma, NSCLC, small cell carcinoma nearoendocrine carcinoma, large cell
carcinoma, bronchoalveolar carcinoma), Renal cell {kidney) carcinoma, primary
and wetastaic, Urinary bladder carcinoma, primary and wetastatic, Prostatic
adenocarcinoma, primary and metastatic, Brain tumors, primary and metastatic
{ghoblastoma, multiforme, cercbral neuroectodermal malignant tumor,
neuroectodermal tumor, oligodendroglioma, malignant astrocytoma), Skin tumors
{malignant melanoma, sebacoous cell carcinoma), Thyroid carcinoma (papiliary
and foilicular}, Thymic carcinoma, Shenoidal carcinoma, Carcinoma of unknown
Pritnary, Neuroendocrine carcinoma, Testicular malignancies (senunoma,
embryounal carcinoma, malignant mixed tumors), and others.

The present disclosure can be used to test the following malignant Iymphomas, for
example: Large cell malignant lynaphoma, Small cell lymphowa, Mixed large and smali cell
iymphoma, Malt lymphoma, Non Hodgkins malignant lymphoma, T cell malignant lymphoma,
chironic myelogenous (or royeloid) leukemia (CML), myelorua, other leukemias, mesothelioma,
marntic cell lymphomas, marginal cell lymphomas, lymphomas not otherwise specified as to
type, and others.

Further still the present disclosure may be utilized to test the following leukemias, for
example: AMUL-acute myclogenous lcukemia, ALL-acute lymphoblastic levkenmia, Chronic
Ivmiphocytic leskemia, Multiple miyeloma, Myelodysplastic syndromes-MBS, MDS with
myelofibrosis, Waldenstrom's macroglobulinemia, and others.

Also, sarcomas such as the following may be tested with the preseunt disclosure:
Leimyosarcoma (uterine sarcoma), GIST-gastrointestinal stromal tumor, primary and metastatic
{stomach, small bowel,Colon), Liposarcoma, Myxoid sarcoma, Chondrosarcoma, Osteosarcoma,
Ewings sarcoma/PNET, Neuroblastoma, Malignant peripheral nerve sheath tumor, Spindle cell

carcinoma, Embryounal rhabdomyosarcoma, Mesothelioma, and others.

~J
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Thus, it can casily be recognized that the presently disclosed MiCK assays and

methodology represent a dramatic improvement over the MiCK assay previously known in the

art, which were merely directed toward Leukenua.

In another embodiment, the present methods relate to: A method of evaluating the ability

of an anti-cancer drug candidate to induce apoptosis in a cancer cell line derived from a tumor

specimen, Comprising:

aj

f)

k3

obtaining a tumor specimen;
mincing, digesting, and filtering the specimeny
optionally removing non-viable cells by deusity gradient centrifugation;
incubating the cell suspension to remove macrophages by adherence;
performing positive, vegative, and/or depletion isolation to isolate the celis of
interest;
removing any remaining macrophages, if necessary, using CD14 antbody
conjugated magnetic beads;
plating the final suspension;
incubating the plate;
exposing at least one well of a plated final suspeunsion to at least one anti-cancer
drug candidate or mixtures of the candidate and other substances;
measuring the optical density of the wells exposed to the at least one anti-cancer
drug candidate, or wells containing muxtures of at least one anti-cauncer drug
candidate and other substances, wherein said measuring of the optical density
occurs in a serial manner at selected time mtervals for a selected duration of tune;
determining a kinetic units value for the at lcast one anti-cancer drug candidate
from the optical density and time measurements; and

correlating the kinetic units value for each drug candidate with:

a} an ability of the anti-cancer drug candidate to induce apoptosis in the
cancer cells it the kinetic units value is greater than a predetermined
threshold;

b) an inability of the anti-cancer drug candidate to induce apoptosis in the
cancer cells if the kinetic units value is less than a predetermined

threshold.

In some embodiments, each well of the plate comprises a different anti-cancer drug

candidate. Further, the method also contemplates embodiments in which a different

concentration of the anti-cancer drug candidate is contained in each well. Therefore, the present

disclosure may relate to high-throughput assays by which multiple potential drug candidates at

8
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multiple potential concentration strengths may be simultancously tested. This high-throughput
ability of emboduments of the present invention are a significant advantage over single drug
candidate testing and offers the promise of decreased test cost and increased time savings.

The potential anti-cancer drug candidate concentration which may be loaded into cach
well of the assay will vary depending upon the mamifactarer’s recommended dosage and the
corresponding dilutions required to achieve the concentration in the well that would correspond
to this dosage. For example, the target drug concentration in cach well is determined by molarity
and can range from 0.01 to 10,000uM, or 0.001 to 100,000 uM, or 0.1 to 10,000uM for
example, but could also deviate from these disclosed exarple ranges or comprise auny nleger
contained within these ranges. One skilled in the art will understand how to achieve a target drug
concentration by utilizing the mamufacturer’s recommended blood level concentrations, which
may vary pius or minus one serial dilution if enough specimen cells are present.

Embodiments of the mvention are able to test all manncer of anti-cancer drug candidates,
For exaniple, the following anti~cancer drug candidates can be tested by the disclosed methods:
Abraxane, Alimta, Amsacrine, Asparaginase, BONU, Bendamustine, Bleomycin, Caelyx
{Doxily, Carboplatin, Carmustine, CCNU, Chlorambuctl, Cisplatin, Cladribine, Clofarabine,
Cytarabine, Cytoxan (4HC), Dacarbazine, Dactinomycin, Dasatinib, Daunorubicin, Decitabine,
Dexamethasone, Doxorubicin, Epirubicin, Estramustine, Etoposide, Fludarabine, S-Fluorouracil,
Gemgeitabine, Gleevece (imatinib}, Hexamethylmelamine, Hydroxyurea, Idarubicin, Ifosfamide
{(4HI}, Interferon-2a, Irinotecan, Ixabepilone, Melphalan, Mercaptopurine, Methotrexate,
Mitomycin, Mitoxantrone, Nitrogen Mustard, Oxaliplatin, Pentostatin, Sorafentb, Streptozocin,
Sunttinib, Tarceva, Taxol, Taxotere, Terozolomide, Temsivohimus, Thalidomide, Thioguanine,
Topotecan, Tretinoin, Velcade, Vidaza, Vinblastine, Vincristine, Vinorelbine, Vorinostat,
Keloda (SDFUR), Everolimus, Lapatinib, Lenalidomide, Rapamyein, and Votrient (Pazopanib),

However, many other anti~cancer drug candidates, including but not limited to other
nonchemotherapy drugs and/or chemicals which can produce apoptosis or which are examined
for their ability to produce apoptosis, are also able to be tested by the disclosed methods. Further
stil], the methods of the present invention are not strictly applicable to anti-cancer drug
candidates, but rather emboduments of the disclosed methods can be utilized to test any number

of potential drug candidates for a whole host of diseases.

BRIEF DESCRIPTION OF THE BRAWINGS

These and other features, aspects, and advantages of embodiments of the present
invention will become better understood with regard to the following description, appended

claims, and accompanying drawings, where:
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F1G. 1: shows a time sequenced photomicrograph of a cancer cell moving through the
stages of apoptosis, The first panel oun the left (1) shows the cell prior to apoptosis. The middie
panel (2} shows the cell during apoptosis and blebbing is apparent. The last pancl on the right
(3} shows the ccll atter apoptosis 18 complete or nearly complcte.

FiG. 2: shows the overall survival of patients. Red line, patients whose therapy was
based on using the MiCK assay results. Blue line, patienis whose therapy was not based on
using the MiCK assay results. Cross hatches in curves indicate patients censored. Small numbers
above the abscissa indicate patients at risk at cach time point, By log rank analysis the curves are
statistically different p = 0.04,

F1G. 3: shows relapse-free interval in patients. Red line, patients whose therapy was
based on using the MiCK assay results, Bloe line, patienis whose therapy was not based on
using the MiCK assay results. Cross hatches in curves indicate patients censored. Small numbers
above the abscissa indicate patients at risk at cach time point, By log rank analysis the curves are
statistically different p < (.01.

F1G. 4: shows a comparison between breast and lung specimens and illustrates whether
there is a difference between the tissue specimen types with relation to whether generics or
proprietary drugs are more effective 1 one type versus the other, Note: For breast cancer only
single drugs were used to 1D generic and proprictary while for lung and colon roultiple drugs
were considered. The chi-square (¢} analysis shows that the Y%g > p for breast (97.7%) is not
statistically sigmbicantly different than the % for lung (93.8%) using Fisher’s exact test {p-value
=0.57).

FIG. 5: shows a comparison between breast and colon specimens and dusirates whether
there is a difference between the tissue specimen types with relation to whether generics or
propriciary drugs are more etfective in one type versus the other. The chi-square analysis shows
that the %g > p for breast {97.7%) is statistically significantly different than the % for colon
(71.4%) using Fisher’s exact test {p-value < 0.05).

FiG. 6: shows a comparison between breast and colon + Iung specimens and illustrates
whether there is a difference between the tissue specimen types with relation to whether generics
or proprietary drugs are more effective 1n one type versus the other. The chi-square analysis
shows that the %g > p for breast {97.7%6} is not statistically significantly different than the % for
colonthung (89.7%) using Fisher’s exact test (p-value = 0.19).

Fi1G. 7: shows a comparison between colon and lung specimens and illustrates whether
there 1s a difference between the tissue specimen types with relation to whether generics or
proprietary drugs are more effective in one type versus the other. The distributions of lung to
colon for best proprictary {p = 0.16) and best generic (p = 0.45) shows that there 1s msufficient

10
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evidence to conclude lung and colon differ. The non-parametric Wilcoxon test was used due to
stmall sample size with the colon group.

FIG. 8: shows a photomicrograph of cells in a well plate before overnight incubation.
FIG, % shows a photomicrograph of cells in a well plate after a 15 hour mcubation,
FiG. 18: shows the apoptotic response of cancer cells to the 37 tested anti~cancer drug

candidates at various concentrations,

DETAILED DESCRIPTION

General MiCK Assay Protocol

The disclosure relates to evalnation of anti-cancer drug candidates’ effectiveness in
causing apoptosis in cancer cells using 4 spectrophotometric assay to measure optical density
(O3} over a period of time. In one embodiment, the disclosure includes a method of evaluating
such anti-cancer drug candidates by applying the drug candidates to cancer cells in an assay
stmilar to the Microculture Kinetic (MiCK ) assay as disclosed in U.S. Pat. No. 6,077,684 and
6,258,553, previously referenced, and both incorporated by reference in their entireties.

According to one specific embodiment, the assay may proceed by selecting an anti-
cancer drug candidate and sclecting at least one cancer celi, derived from an obtained tumor
specimen, on which to test the drug.

In one embodiment, the cancer cells may be suspended as a single-cell suspension in
culture medium, such as RPMI. As used herein, a “single cell suspension” is a suspension of one
or more cells in a hiquid in which the cells are separated as individuals or in clumps of 10 celis
or fewer. The culture medium may contain other components, such as fetal-bovine serom oy
components specifically required by the cancer cells. These components may be limited to those
necessary to sustain the cells for the duration of the assay, typically at least 24 hours and not
ionger than 120 hours,

Suspended cells may be tested by placing samples in wells ot a spectrophotometric plate.
The cells may be suspended at any councentration such that during the specirophotometric
measurements of Optical Density {OD), the beam of the plate reader normally passes through
only one cell layer at a time. For most cells a concentration of between 2 x 10° and 1 x 10°
cells/mL may be used. Concentration may be increased for small cells and decreased for large
cells. To more precisely determine the appropriate cell concentration, the volumme of cell
suspension to be used in drug candidate test samples may be added to at least one concentration

test well of the plate. If the well will be prefilled with additional medium during testing of the

i
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drug candidates, then the concentration test well may sinularty be prefilled with additional
medium. After the concentration test well 1s filled, the plate may be centrifuged (e.g. for 30-120
seconds at 500 RPM) to settle the cells on the bottom of the well. If the cell concentration is
appropriate for the assay, the cells should form a monolayer without overlapping, Cell
concentration may be adjusted as appropriate until this result is achieved. Multiple
concentrations of cells may be tested at one tume using different concentration test wells,

According to embodiments where the cells may grow sigunificantly overnight or during
another period of time between placement of the cells in the plate and commencement of the
drug candidate assay, the cell concentration may be adjusted to 1nitially achieve less than a
monolayer to allow for growth such that sufficient cells for a monolayer will be present when
the drug candidate assay comruences.

After the appropriate celi concentration has been determined, the drug candidate assay
may proceed by filhing test and control wells in the plate with an appropriate volume of medium
and an appropriate number of cells. In other embodiments the well may be partially pre-filled
with medium alone.

After filling, the cells may be allowed to adjust to the plate conditions for a set period of
time, such as at least 12 hours, at least 16 hours, at least 24 hours, or 12-16 hours, 12-24 hours,
or 16-24 hours. An adjustroent period may be omitted for certain cell types, such as
leukemia/lymphoma cell lines or other cell types normally present as individual cells, The
adpustment period is typically short enough such that the cells do not experience significant
growth during the time. The adjustment period may vary depending on the type of cancer cells
used 1o the drug candidate assay. Adjustment may take place under conditions suitable to keep
the cells alive and healthy. For example, the plate may be placed in a humidified incubator at 37
°C under 5% CO, atmosphere. For some cell types, particularly cell types that do not undergo an
adpastment period, such as leukemia or lymphoma cell lines, the plate may be centrifuged (e.g.
for 2 minutes at 500 RPM) (o settle the cells on the bottom of the wells,

The drug candidate and any control drugs or other control samples may be added to the
wells after the adpustment period. Typically the drug candidate will be added in a small volume
of medium or other hguid as compared Lo the total volume of liquid 1o the well. For example, the
volume of drug added may be less than 10% of the total volume of liquid in the well. Dimg
candidates muay be added 1 multiple ditutions to allow determination of any conceniration
effects. Although many drug candidates may be water-soluble, drug candidates that are not
readily soluble in water may also be tested. Such candidates muay be mixed with any appropriate
carrier. Such candidates may preferably be mixed with carriers anticipated for actual clinical
use. Viscous drug candidates may require substantial dilution n order to be tested. Drug

i2
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candidates with a strong color may benefit from monitoring of OD in test wells containing only
the drug candidate and subtraction of this OD from weasurements for the test sample wells.

After addition of the drug candidate, the cells may be aliowed another short period of
adjustrment, for exaraple of 15 minutes or 30 numutes. The cells may be placed under conditions
suitable to keep the cells alive and healthy. For example, the plate may be placed in a hunudified
incubator at 37 °C under 5% CO, atmosphere, After this short adjustment period, a layer of
mineral oil may be placed on top of cach well to maintain COs in the medium and prevent
gvaporation.

The plate may then be placed n a spectrophotometer configured to measure the O ata
defined wavelength. The spectrophotometer may be configured to measure OD at a wavelength,
for exaraple, of from 550 to 650 nm, or 600 to 650 num, or wore particularly the
spectrophotometer is configured to read the OD at a wavelength of 600 nm, for cach well at a
given timge interval for a given total period of time. For example, OD for each well may be
measured periodically (i.e. serially) over a time frame of seconds, minutes, or hours, for a period
of from approxirmately 24 hours to 120 hours, approximately 24 hours to 72 hours, or
approximately 24 hours to 48 hours. Or, for certain cells, measurements for a pertod of as little
as 12 hours may be sufficient. In specific embodiments, measurements may be taken every 5 to
19 minutes, The spectrophotometer roay have an jucubated chamber to avoid spontancous death
of the cells.

Spectrophotometric data may be converted to kinetie units. Kinetic units are determine
by the slope of the curve created when the change in the OD at the measured wavelength, for
example 600 o, caused by cell blebbing, is plotted as a function of time. Specific inforruation
regarding the calculation of kinetic units is provided in Kravtsov, Viadimir B, er o, Use of the
Microculture Kinetic Assay of Apoptosis to Determine Chemosensitivities of Leukemias, Blood
92:968-980 (1998}, herein incorporated by reference in its entirety for all purposes. Kinetic unit
determination 1s also discussed in more detail below, The Optical density for a given drug
candidate at a given concentration may be plotted against time. This plot gives a distinctive
increasing curve if the cells are undergoing apoptosis. In comparison, if the drug candidate has
no effect on the cells {e.g. they are resistant), then the curve is similar to that oblaived for a
control sample with no drug or drug candidate. Cell death due to reasons other than apoptosis
can also be determined by the curvent assay and 1s useful in elimipating false positives from drug
candidate screening. For example, cell necrosis produces a distinctive downward sloping curve
easily distinguishable from the apoptosis-related curve. Further, gencral cell death also causes a
downward curve.

Kinetic Units of Apoptesis (KU}
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The effectiveness of a drug candidate may be determined by the value of the kinetic units
it produces in a modified MiCK assay. The KU is a calculated value for quantifying apoptosis,
Kinetic units may be determined as foilows:

Apoptosts (KUY = (VIMax pug Candidate Treaed = YIAX Controt} 7 60 % XA ODontrot ~ ODbtanic)

The KU is a calculated value for quantifying apoptosis. The optical densities (O} from
each well are plotted against time. The maximurm slope of the apoptotic curve (Vmax) is
calculated for each plot of drug treated microculture. It is then compared to the Vmax of a
control well without drug (calculated at the same time as the Vimax of the druag exposed cells),
For convenience, the Vmax s multiplied by 60 to convert the units froro mOD/munute to
mOD/hour. The data are normalized with a coetficient {coefficient = X/ {ODouna OO0k,
which 1s discussed below,

Coefficient

As stated shove, the coefficiont 18 a caleulated value for normalizing the amount of cells
per well when measuring apoptosis and quantifying said apoptosis in Kinetic Units,

The coefficiont 1s calculated as follows:

Coetticient: X / {ODcongat ~ OBz}

X = optimal optical density value for the cell type tested (determined empirically)

OBconzet = average optical density of all the control wells

OBy = average optical density of all the blank wells

A coefficient of 1.000 roeans that the cell concentration n the well is optiraal. A
coctficient value below 1.000 means that the cell concentration is higher than the optimal
concentration. H the coethicient value 18 above 1,000, 1t means that the cell concentration in the
well is suboptimal. The acceptable coefficient values for an optimal MiCK assay are between
0.8 and 1.5, I the value 1s under 0.8, the coethicient will erroncously reduce the value of the
calculated KU, if the value is above 1.5, there will not be enough cells per well to detect the
stgnal of apoptosis, The “X” in the formula will vary depending on the cell type. For solid tumor
specimens, this value is 8.09. For most of the leukemias, the value 18 8,15, For CLL {(chrome
lymphocytic leukemias) and the lymphomas, the value is 0.21.

This “X” value is adapted to the tumor type and determined empirically. Thas, the
coctficient is developed by trial and error, using different concentrations of cells and by
checking thewy under a microscope while looking for complete proper coverage 1un the well, The
proper well is read by a reader and the OD becomes the new X value. Further information
regarding this equation may be found in Kravisov ef al. (Blood, 92:968-980), which was

previously incorporated herein by reference.
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In addition to allowing determinations of whether or not a drug candidate causes
apoptosis, kinetic unit values generated using the current assay may be compared to deterromne 1t
a particular drug candidate performs better than or similar to current drugs. Comparison of
different concentrations of a drug candidate may also be performed and may give general
indications of appropriate dosage. Occasionally some drugs may perform less well at higher
concentrations than lower concentrations in some cancers. Comparison of kinetic unit values for
different concentrations of drug candidates may identify drug candidates with a similar profile.

Overall, evaluation of an anti-cancer drug candidate may include any determination of
the effects of that drug candidate ou apoptosis of a cancer cell, Effects may include, but are not
limited to induction of apoptosis, degree of induction of apoptosis as compared to known cancer
drugs, degree of induction of apoptosis at different drug candidate concentrations, and failure to
induce apoptosis, The anti-cancer drug evaluation assay may also be able to detect non-drug-
related or non-apoptotic events in the cancer cells, such as cancer cell growth during the assay or
cell necrosis.

Any statistically significant positive kinetic unit value may indicate some tendency of a
drug candidate to induce apoptosis of a cancer cell. For many clinical purposes, however, drug
candidates or concentrations of drugs only able to mduce very low levels of apoptosis are not of
interest. Accordingly, 1 certain embodiments of the disclosure, threshold kinetic unit values
may be set to distinguish drug candidates able to induce clinically relevant levels of apoptosis in
cancer cells, For example, the threshold amount may be 1.5, 2 or 3 kinetic units. The actual
threshold selected for a particular drug candidate or concentration of drug candidate may depend
on a number of factors. For example, a lower threshold, such as 1.5 or 2, may be acceptable fora
drug candidate able to induce apoptosis in cancer types that do not respond to other drugs or
respond only to drugs with significant negative side effects. A lower threshold may also be
acceptable for drug candidates that exhibit decreased efficacy at higher concentrations or which
themselves are likely to have significant negative side effects. A higher threshold, such as 3,
may be acceptable for drug candidates able to induce apoptosis in cancer types for which there
are already suitable treatments.

In another erabodiment the following threshold ranges can be utilized:

0-1 KU: non-sensitive
1-2 KU: low sensibivity
2-3 KU: low/moderate sensitivity
3-5: KU: moderate sensitivity
> 5 KU: sensitive
Preferably, the following threshold ranges can be wtihzed:
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0-1 KU: non-sensitive;
1-2.6 KU low sensitivity;
2.6-4.2 KU: low/moderate sensitivity,
4.2-5.8: KU: moderate sensitivity;
> 5.8 KU: sensitive.
Preferably, the KU value 18 > 7, more preferably the KU value 1s > §, even more preferably the
KU value 18 2 9, and most preferably the KU value 1s > 10
These ranges were ostablished based on a statistical analysis of cancer cells. The ranges
establish a baseline for relative comparison of chemotherapentic drugs being tested on a specific
cell type. Test outcomes may be affected by exteruating factors such as:
¢ time elapsed from obtaining sample to testing,
e quantity of viable cells available to test,
e microbial contamination of specimen,
» gualily or viability of cells being tested,
e cell type, and
e rocent treatment such as chermotherapy or radiation therapy
These factors suggest some elasticity in the predictive values of the kinetic response
reported. Clinical sensitivity to chemotherapy drugs 18 not completely limtted to outcomes as
forecast in the above ranges. The KU measurement of drug-induced apoptosis in the assay may
be used by physicians to develop an individual patient treatment regimen along with other
important factors such as; patient history, prior treattoent results, overall patient health, patient
comorbidities, patient preferences, as well as other clinical factors.
Therefore, the particalar ranges of KU value utilized will be dependent upon context.
That is, depending upon the particular type of tumor cell being tested, the particular drug being
utilized, and the particular patient or patient population under analysis, The KU value therefore
represents a dependable and flexible analytical variable that can be tailored by the practitioner of
the disclosed methods to create a suitable metric by which to evaluate a given drug’s effect.
Drug Candidates
According to a specific embodiment, the anti-cancer drug candidates may be any
chemical, chemicals, compound, compounds, corposition, or compositions to be evaluated for
the ability to induce apoptosis in cancer cells, These candidates may include various chemical or
biological entities such as chemotherapeutics, other small molecules, protein or peptide-based
drug candidates, including antibodies or antibody fragments linked to a chemotherapeutic

rolecule, nucleic acid-based therapies, other biologics, nanoparticle-based candidates, and the
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like, Drug candidates may be in the same chemical families as existing drugs, or they may be
new chermical or biological entities.

Drug candidates are not confined to single chemical, biological or other entities. They
may include combinations of different chemical or biclogical entities, for example proposed
combination therapies. Further, although many examples herein relate to an assay in which a
single drug candidate 1s applied, assays may also be conducted for multiple drug candidates in
combination. It is also important to understand that embodiments of the invention may utilize
the metabolites of the various drug candidates in a method as described.

More than one drug candidate, concentration of drug candidate, or combination of drugs
or drug candidates may be cvaluated in a single assay using a single plate. Different test samples
may be placed 1u different wells. The conceuntration of the drug candidate tested may be, i
particular embodiments, any concentration in the range from 6.1 to 10,000uM, or any
concentration in the range trom 0.01 to 10,000pM, or any concentration in the range tromn 0.001
to 100,000 pM, for example. The concentration tested may vary by drug type, and the
aforementioned exarmple concenirations are not 0 be considered as limiting, for the skilled
artisan will understand how to construct the appropriate concentration for utilization with the
taught methods and assays, depending upon the particular anti-cancer drag tested,

Plate and Specirophotometer Systems

In specific embodiments, the plate and spectrophotometer may be selected such that the
spectrophotometer may read the plate. For example, when using older spectrophotometers, one
may use plates with larger wells because the equipment is unable to read smaller-well plates.
Newer spectrophotometers may be able to read a plate with smaller wells. In one embodiment,
the diameter of the bottom of each well is no smaller than the diameter of the light beam of the
spectrophotometer. In a more specific embodiment, the diameter of the bottom of each well 1s no
more than twice the diameter of the Hight beam of the spectrophotometer. This helps ensure that
the OD at the measured wavelength, 600 nm for example, of a representative portion of the cclis
in cach well is accurately read. The spectrophotometer may make measurement at wavelengths
other than 600 nm. For example, the wavelength may be +/- 5 or +/- 10. However, other
wavelengths may be selecied so as to be able to distinguish blebbing,

Spectrophotometers may include one or more computers or programs to operate the
equipment or to record the results. In one embodiment, the spectrophotometer may be
functionally connected to one or more computers able to control the measurement process,
record its resulis, and display or transmmt graphs plotting the optical densities as a function of

time for each well,
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Plates designed for tissue culture may be used, or other plates may be sterilized and

ireated to make thern compatible with tssue culture, Plates that allow celis to congregate 1

arcas not accessible to the spectrophotometer, such as in corners, may work less well than plates

that avoid such congregation. Alternatively, more cancer cells may be added to these plates to

ensure the presence of a monolayer accessible to the spectrophotometer during the assay. Plates

with narrow bottoms, such as the Corning Costar” half area 96 well plate, may also assist in

encouraging formation of a monolayer at the bottom of the well without requiring

inconvenienily low sample volumes. Other plates, such as other 26-well plates or smaller well

plates, such as 384-well plates, may also be used.

Modified MICK Assay Protocol

There are a number of distinctions between the MiCK. assay protocol previously

described in U.S, Patent No. 6,077,684 and U.S. Patent No. 6,258,553, and the MiCK assay

protocol currently disclosed, for example:

a.

overnight incubation for solid fumor sample specimens;

low volume wells, since sohid tumors give fower cells than blood samples;

the cell concentration is adjusted via visual interpretation;

the cell will adhere to the bottom of the wells and spread/streteh overnights
utilization of a special incubation chamber to diffuse heat eveunly;

avoiding the edges of the plates when one loads the cells into the wells;
utilization of an antomated pipettor, to plate the cells, media (RPMI + 10% Fetal
Bovine Serum +Penstrep) and drugs;

utitization of proprietary code created to translate template i a format that a robot
can understand;

cell 1solation ends when we have a pure cell suspension ready tor plating

a cell count is used to adjust the cell concentration;

adjustment of the concentration to 1#10° cells per ml;

a test well is done to observe the cell distribution;

. if' the cells are not in good shape, more cells are added to cach well;

if the test well seems adequate (monolayer of antformly distributed cells that covers
all the area}, one proceeds to the next step (plating);
if test well not adequate, adjusttoent of the cell concentration (diluting the cells, or
concentrate the cells) and retesting a new well until the cell distribution in the well is
satisfactory;
at this point {after the aforementioned steps) the stock solution is ready to be plated
into additional wells in that plate, until the cells are depleted;

18



WO 2013/172955 PCT/US2013/031300

g. using the selected cell concentration, the cell suspension is distributed in the plate
nto as many wells as possible retaiming enough cells to do at least 1 cytospin and
ICC (immunocytochemistry} if possible;

r. an automated pipetior 1s used to distribute the cells while avoiding the edge wells of
the plates;

5. the edge wells are filled with media;

t.  aconfiguration file was manufactured to eliminate the bubble problem that was
encountered with the automated pipettor (spotting). This feature 1s truportant as it
eliminates the formation of bubbles in the redia during the assay which artificially
elevate the slope values which leads to markedly elevated KU values;

u. this plate (that has undergone the aforementioned steps) s now ready for overnight
incubation {approximately 15 hour);

v. the incubation allows time for the cells to adhere 1o the bottom of the wells as well as
to metabolically stabilise;

w, after the incubation plate 18 removed from the incubator, the cell distribution and
viability are evaluated from an observation of the plate with an inverted microscope.
A photomicrograph of a representative well 18 taken;

x. the plate 1s then ready for addition of the drugs (for example possible anti-cancer

agents) by the automated pipetior;

y. drugs are selected by the treating oncologist {for example}, and NCCN panels, then
off panel drugs (off label}.

z. an incubation of 30 munutes at 37°C and 3% C0; 1s doue to allow for pH
equilibration;

aa, oul 1s added to every well to prevent air exchange and cvaporation;

bb. the plate is placed in a reader and the assay is started;

ce. the assay automatically terminates after 576 reads (48 hours, S min intervals); these
settings can be adjusted as needed;

dd. the assay can be manually terminated if all the reactions are deemed to have been
completed prior to the 48 hours;

the Coefticient may be defined as 1 XAOD ctrl - OD blanks} where X is the optimal

)
o

value of a given cell line, OD is optical density. The coefticient was developed by
trial and crror, using different concentrations of cells and by checking them under a
microscope while looking for complete proper coverage in the well, The proper well

was read by a reader and the OD became the new X value;
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ff. a trained observer may assess cytologic characteristics of cells at all stages of

purification;

gg. a trained observer may analyze ranking of drugs;

bh. a trained obscrver may analyze best drugs or cornbinations; and

. atrained observer may analyze most active drug candidates {may also include

analyzing drug metabolites) and other developed drugs or agents.

The differences over the current state of the art described above are neither taught nor
suggested by the prior art, and arc not self evident to anyone who practices the art previously
disciosed.

Another difference between the original MiCK assay and the current version is that the
ortginal MiCK assay avoided adherence of the cells to the plate wells while the current version
used adherence to the plate well walls. Adherence of the cells to the well walls is required for
cancers and sarcornas that are not of blood or bone marrow origin. Non adherence of the cells to
the well walls is required for testing leukemia and lymphomas {cancers of blood or bone marrow
originy. The reason for this difference 1s that leukemia and lymphoma cells will grow i a form
of a suspension in vitre. The cells do not require a permanent close contact with each other. At
the opposite, cells originating form solid tumor specimens, do require cell to cell contact and
attachruent to the surface of the well. This will stimulate cell survival and sometimes growth.

Now that a few of the differences between the present disclosure and previous MiCK
assay protocols have been generally set-forth, it will be illustrative to provide exarnples of
embodiments of the protocols of the present invention. These Examples are included to describe
exemplary embodiments only and should not be interpreted to encompass the entire breadih of

the mvention.

EXAMPLES
Correlation of Drug-Induced Apoptosis Assay Resulis with Oncologist Treatment
Decisions and Patient Response and Survival
Brief Overview of Experimental Protocol and Results
Ay observational prospective non-blinded clinucal trial was performed to determine the
effect of drug-induced apoptosis assay results on treatments planned by oncologists. Purified
cancer cells from patient biopsies were placed nto the Microculture Kinetic (MiCK) assay, a
short-term culture, which determined the effects of single drugs or combinations of drugs on
tumor cell apoptosis. Oncologist received the assay results prior to finalizing the treatment plan,
Use of a MiCK assay, according to an embodiment of the present invention, was

evaluated and correlated with pationt outcomes. Results: 44 patients with successful MiCK
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assays from breast cancer {16}, non-small cell lung cancer (6), non-Hodgkin’s lymphoma (4},
and others were evaluated. 4 patients veceived adinvant chemotherapy after MiCK, and 40
received palliative chemotherapy with a median line of therapy of 2. Oncologists used the MiCK
assay, of the present disclosure, to determine chemotherapy {users) in 28 (64%) and did not
{non-users) in 16 patients (36%). In users receiving palliative chemotherapy, complete phus
partial response rate was 44%, compared to 6.7% in non-uscrs (p<0.02). The median overall
survival was 10,1 mounths in users versus 4.1 months in non-users {p=0.02). Relapse-free
mterval was 8.6 months in users versus 4.0 months i non-users {p< 0.01}. Conclusions: MiCK
assays according to the present invention are frequently used by oncologists. Ouicomes appear
to be statistically superior when oncologists use chemotherapy based on MiCK assay rosults of
the present invention, as compared o when they do not use the assay results. When available to
oncologists, a MiCK assay according to the present invention, and its results help to determine

patient treatment plans,

Specific Experimental Protocol and Detalled Resulis

An observational non-randomized, multi-institutional prospective trial was conducted in
order to determine how often physicians would use the results of the currently disclosed
embodiment of the MiCK assay, when the physicians knew the results of the assay prior to
planning and initiating chemotherapy.

Paticuts with cancer of any stage, primary ot recurrent, were cligible for the experiment.
Sterile Tumor specimens with as nuch as 1.0cm of viable tumor tissue, or 1000ml of malignant
etfusions, or 5 ml of leukewmic bone marrow aspirate were taken {rom patients. The tumor
specimens were then subjected to the following experimental protocols.
Example 1. Generic Cell Isolation Protocel

Within 24 to 48 hours of collection, the specimen was minced, digested with 6.25 %
trypsin and 0.08% DNase for 1-2 hours at 37C”°, and then filtered through a 100 micromcter cell
strainer. When necessary, non-viable cells were removed by density gradient centrifugation. The
cell suspension was then tncubated for 30 min at 37° C in a tissue culture flask to remove
macrophages by adberence. For epithelial tumors lymiphocytes were removed by 30 mimute
incubation with CD2 antibody conjugated magnetic beads for T lymphocytes and CD19
auntibody conjugated magnetic beads for B lymiphocytes. Remaiming macrophages were
removed, if necessary, using CD14 antibody conjugated magnetic beads. The final cell
suspension was plated into a 96-well half-area plate, 120 microliter aligquot per well. The plate

was incubated overnight at 37°C with 5% carbon dioxide humidified atmosphere. 3x10" to
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1.5x10° cells were seeded per well depending on the cell volume to give adequate well-bottom
COVerage.

Human JURL-MK?2 chronic leukenua in blast crisis cell line (BSMZ, Germany) was
used as a positive control for MiCK assays performed with patient tumor cells. RPMI-1640
medium without phenol red was used for all cultures. It was supplemented with 10% fetal
bovine serum, 100 units/mL of penicillin, and 100 micrograms/ml of streptomycin, Cell counts
and viability were evaluated by trypan blue dye exclusion.

Each tumor ccll preparation, after purification of contaminating and necrotic cells, was
avalyzed to confivm the preseunce of malignancy cviologically. If an adequate vuraber of cells
were available, immunocytochemical stains were also performed to better characterize the tumor
phenotype. All specirnens achieved at least 90% pure tumor cell content by visual estimation by
an experienced pathologist and 90% viability by trypan blue exclusion.

The above described generie 1solation protocol may be modified by the below described
specinen specific isolation protocols.

Example 2. Selid Tumor Cell Specific Isolation Protocol

Within 24 to 48 hours of collection, the specimen was treated as follows in order to
purify and isolate cells from solid tumors:

e Take the specimen out of the transport tube.

e Puytinapetri dishin 13 ml of PBS + high conceniration of antibiotics (200 units/mi
Penicillin + 200 pg/mi streptomyein) and take measurements and picture of the
specimen. The PBS + antibiotics solution 1s made from solutions mixed together in
the lab using proprictary protocols.

s  Wash 3 tirnes in petrt dishes (3 differcut petri dishes) with 13 ml of PBS + high
concentration of antibiotics (200 units/ml Penicillin + 200 pg/mi streptomycin.

» [f contamination is suspected, incubate 20 min 1n a tube with PBS + high

concentration of antibiotics.

@

Transfer the specimen into another petri dish with 1 to 3 mi (depending on specimen
sizey of RPMI 50% Fetal Bovine Serum (FBS) for mincing,
1} Next, the specimen was minced, and digested with 0.25 % trypsin {enzyme can vary with
tissue betng used) and 0.08% DNase for 1-2 hours at 37(°,
# Enzyme will vary with the tumor type following protocols developed by researchers’
experience with various tissues,
e If contaminating non-tumor tissue is identified in the specimen, remove these parts

with scalpels.
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?

®

Mince in | mm picces with scalpels size 10 or 21.

Collect the pieces with forceps, put in a 15 mi tube + 10-12 mi of enzyme {the
enzyme depends on the tumor type; see Table 1}, incubate 45-60 nun in the incubator
at 37°C on a “rotator”.

Wash the petri dish used for mincing with RPMI (4-5 mi), 2-3 times.

Pat the washing in a 15 mi tube, let settle 2-3 mun.

Remove the supernatant and put in a new 15 mi tube, check the viability of cells with
the hemacytometer and trypan bhue dye (this gives an early indication on how
difficult and/or easy the processing should be).

Put the pellet 1n a 15 mi tube with the enzyme and incubate at 37°C on the votator for
45-60 nin.

After the incubation, collect the supernatant and put back the remaining picces in

fresh enzyme at 37°C for another 45-60 min.

2) Next, the specimen was filtered through a 100 micrometer cell strainer.

?

Depending on tumor type and amount of “non-cancer cell tissue” romaining, one
could also use 40 and 70 pM strainer or filcon,

If the supernatant is viscous or if it contains a lot of debris, it will block the cell
strainer. In that case, ove may make the determination to do a “pre-{iltration” using
sterile gauze over a 50 mli tube. Then proceed with the cell strainer filtration process
referenced above.

Centrifuge the filtered cell suspension 1500 RPM 5 min.

Discard the supernatant. To the peliet, add 5 mi of red blood cell Tysis solution
(standard NH.Cl containing lysis solution: Nh(Cl 0.15M + KHCO; 10 mM + EDTA-
4Na 0.1 M, pH 7.2), incobate 2-3 min and add 5 ml of RPMI 10% FRS.

Centrifuge 5 min 1500 RPM. Resuspend the pellet in RPMI 10% FBS (1-10 mi
depending on the pellet size).

Collect the second fraction in the enzyme and repeat the steps above.

Check the viability of all fractions and pool. Do a cyiospin stain with Wright Giemsa
to verify the cell content of the population. NOTE: this is done numerous times

during the process of purification,

3} When necessary, non-viable cells were removed by density gradient centrifugation.

@

Deusity gradient centrifugation (optiprep): first layer = 2 wl cells + 4.45 mil optiprep
40% in RPMI, second layer = optiprep 22.5% in RPMI, 3™ layer = 0.5 mi of RFMI,
Centrifuge at 2000 RPM for 20 min.
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?

Collect the viable cell layer, add 10 ml of RPMI 10% FBS, centrifuge at 1500 RPM
for S min.

Resuspend the pellet in RPMI 10% FBS {volume depends on the peliet size and on
the next step required).

If mucin is present in the specimen: resuspend the pellet in 10mi of PBS + 20 mM
DTT and imcubate at 4°C for 30 min to disintegrate the wucin, Wash with RPMI
1500 rpm for 5 min. Resuspend the pellet in RPMI 10% FBS.

H the specimen 1s highly necrotic with preseuce of debris: Percoll 20% wn HBSS,

centrifuge at 800 x g for 10 min.

4y The cell suspeusion was then incubated for 20 vin at 37° C v a tissue calture fask to

(%41

remove macrophages by adherence.

@

The size and quantity of the flask and the volume used depends ou the amount of
cells. Examples:

- 4 -
o 1-5 x 10° cells: 25 em? {asks, 3-4 ml each

1 x 107 eelis: 75 cm” flasks, & mi cach

O

Q

I x 10°% cells: 175 ond® flasks, 20 ml cach
After incubation, coliect the cell suspension, wash the flask 3 times with RPMI 10%

FBS, pool ali the washing fractions, cenirifuge 1500 RPM for 5 min,

For epithelial tumors, lymphocytes were removed by 30 minute incubation with CD2

antibody conjugated magnetic beads for T lymphocytes and CD19 antibody conjugated

magnetic beads for B lymphocyies.

?

Beads to use: T lymiphocytes = CD2; B lymphocytes = CD19; neutrophils = CD135;
monocytes/macrophages = C 4, all leukocytes = CD45 (use CD4S if there are no
clumps),

Macrophages are usually rerooved by adherence, not with the beads. The reason is
that if clumps of tumor cells are present, they can also contain macrophages. If we
use beads to remove the macrophages, it could also remove the tumor cells at the
same time.

Resuspend the pellet in a small voluroe of PBS 2% FBS (0.2 10 2 mi).

Wash the beads suspension 3 times with the PBS 2% FBS.

Add the beads to the cell suspension and incubate 30 wmin at room temperature on the
rotator.

Put the tube on the magnet, wait for T mn.

Collect the cell suspension, put in a 15 mi tube with 5 ml of RPMI 10% FBS
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s Put the tube of the cell suspension on a magnet again to remove remaining beads,
collect the cell suspension and put m a new 15 mil tube,

s (enirifuge at 1500 RPM for 5 min.

¢ Resuspend m RPMI 10% FBS, the volurue depends on the peliet size. Do a cell count
and determine viability, do a cytospin to determine cell content.

Remaining macrophages were removed, i necessary, using CD14 antibody conjugated

magnetic beads.

» This step would be done at the same time that the other beads are being processed as
outlined above in step 5.

» [ook at the cell viability. An additional step rmay be requared if the viability 1s less
than 80-85%. If that is the case, repeat the density gradient centrifugation {optiprep)
as describe on step 3. This will remove the dead cells.

The final cell suspension was plated into a 96-well half-arca plate, or a 384 well plate

with 62.5 meroliter aliguot per well, or a 384 well plate with 20 vaieroliter aliguot per

well, as indicated in Table 2.

s Adjust the cell concentration to 1 x 10° cells per ml,

e [oatest well For corning 384 = 15 pl of RPMI 10% FBS + 45 ul of cell suspension
- centrifuge at 500 rpm for | min. For Greiner = 2.5 ul or RPMI 105 FBS + 15 ul
of cell suspension - centrifuge at 500 rpm for 30 sec.

» ook at the well under the inverted microscope. The cells should touch each other
but not be overlapping. Adjust the cell concentration as needed by concentrating
(centrifuge and remove medium) or diluting (adding medium).

e Repeat until optimal cell concentration s found.

» Put the cclis in the well plate.

The plate was incubated overnight at 37°C with 5% carbon dioxide humidified

atmosphere. 5x10"to 1.5x10° cells wore seeded per well depending on the celi volurme to

give adequate well-bottom coverage.

e The plate was incubated inside a humidity chamber where heat distribution and
hunidity are optimized to reduce the “edge effect” (bad cell distribution in the well).

Human JURL-MK?2 chronic leukenya in blast crisis cell line (DSMZ, Germany) was

used as a positive control for MiCK assays performed with paticut turoor cells.

e If a half arca 96-well plate is used the total volume per well is 120 pl.

10) RPMI-1640 medium without phenol red was used for all cultures,
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11} It was supplemented with 10% fetal bovine serum, 100 units/mL of penicillin, and 100
micrograms/ml, of streptomayein.

12} Cell counts and viability were evaluated by trypan blue dye exclusion.

Note: The cell counts and viability checks are done several times during the purification
procedure, betore adding the cells to the wells of the plate.

13) Each tumor cell preparation, atter purification of contaminating and necrotic cells, was
analyzed using the diff quick or the Pap stain. This is much tmproved process allowing
one to wdentify the cell population of interest and verity that there are fow romaining
contaminating cells,

14} If an adequate number of cells were available, immunocytochemical stains were also
performed to better charactenze the tumor phenotype.

15} All specimens achicved at least 90% pure tumor cell content by visual estimation by an

experienced pathologist and 90% viability by trypan blue exclusion.

Exampie 3. Blood/Bone Marrow Cell Specific {solation Protocel

Within 24 to 48 hours of collection, the specimen was treated as follows:

¢ Pool the blood mnto a 50 mi tube.

# Take an aliquot for smear.

s Do acell count in acetic acid 2.86% with an hemacytometer.

s Take an aliguot for flow cylometry,

= Dilute the blood with an equal volume of RPMIL.

¢ Do alymphoprep centrifugation (30 min at 2000 RPM) - 4 wl lymphoprep overlaid by
up to 8 mi of blood/RPMI mixture.

¢ (ollect the mononuclear cell layer, add 10 ml of RPMI 10% FBS and centrifuge at 1500
RPM for 5 min.

¢ Resuspend the pellet 1o 5 mil of RBC lysis solution, incubate 2-3 voin and add 5wl of
RPMI 10% FBS, centrifuge for 5 min at 1500,

¢ Resuspend the pellet in RPMI 10 % FBS, do a cell count + cytospin,

s  According to the flow cytometry results, remove unwanted cells with magnetic beads
{mounocytes = CD 4, T ymphocytes = CD2, B Iyrmphocytes = CD19, neutrophils =
CD15).

¢  Resuspend the pellet in a small volume of PBS 2% FBS (8.2 to 2 mi).

e Wash the beads suspension 3 times with the PBS 2% FBS.

e  Add the beads to the cell suspension and incubate 30 min at room temperature on the

rotator.
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Put the tube on the magnet, wait for | min

Collect the cell suspension, put in a 15 mi tube with 5 ml of RPMI 10% FBS

Put the tube of the cell suspension on a magnet again to remove remaining beads, collect
the cell suspension and put in a new 15 mi tube.

Centrifuge at 1500 RPM for S min.

Resuspend in RPMI 10% FBS, the volume depends on the pellet size. Do a cell count
and determine viability, do a cviospin to determine the cell content.

Take an aliquot for flow cytometry. If the results confirm the purity of the cell
population of interest, adjust the cell concentration to approximately 2x10° cells per ml
and test the coefficient using the microplate reader. The target value of the coefficient
should be between 0.8 and 1.0

Adjust the cell concentration by concentrating or diluting the suspension. Test the
cocfticient again until a satisfactory value is obtained.

Put the cells in the plate and start the MiCK assay procedure imumediately.

Exampie 4. Effusion Specific Isolation Protoecol

Within 24 1o 48 hours of collection, the specimen was treated as follows:

Transfer the specimen into 50 ml tubes and take also a 10 mi aliquot in a 15 ml tube
{cenirifuge the aliguot 2000 RPM 5 mun, do a cell count and prepare a cviospin to give
an idea of the cell content and count of the specimen).

Centrifuge the tubes at 2000 RPM for 15 min.

Remove the supernatant but leave ~5 mi per tube. Combine all the tubes and dilute 1:1
with PBS in as many 50 ml tubes as needed. Ceuntrifuge 10 rmn at 2000 RPM,

Do RBC lysis for 2-3 min. The volume depends on the pellet size. Add an equal volume
of RPMI 10% FBS.

Centrifuge 1500 RPM for 5 min.

Resuspend the pellet in RPMI 10% FBS, the volume depends on the pellet size,

Do a cell count and determine viability,

Viability is critical to the entire process. It must be determined if the viability is less
than ~70%. 1t s0, do an optiprep centrifugation,

if the viability meets the acceptable standard, and if the major contaminating cells are
macrophages, these cells are removed via adherence.

if there is a high contamination from a major cell type and the total cell count is high
{5310 colls or more), do a first purification step with CD45 beads (1 bead per cell).
Then repeat the beads a second time and a third time if necessary.

~
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s Do a cell count and determine viability.
s Repeat optiprep if necessary as recommended by Pathologist.
s Coefficient Adjustment - Adjust the cocfficient as for the sohid tumor specimen based on
recommendation of Pathologist.
e  When the optimal cell concentration 1s reached, put the cells in the plate and incubate
overnight i the incubating chamber of the incubator (37°C).

Exampie 5. Modified MICK Assay for Evaluating Apoptosis Mediated by Anti-Cancer
Prug Candidates
The MICK assay procedure was adapted from the method described in U.S. Patent No.

6,077,684 and U.S. Patent No. 6,258,553, both patents incorporated herein by reference in their
cutirety. Also, the MiCK assays described 1n: Kravisov V. et al, Use of the Microculture Kinetic
Assay of apoptosis to determine chemosensitivities of leukemias. Blood 1998; 92: 968-9&0, is
incorporated herein by reference in is entirety for all purposes, The specific MiCK assay
protocols utitized are described in examples 1-4.

After overnight incubation, chemotherapy drugs were added to the weils of the 96-well
plate 11 S microliter aliquots or to the wells of a 384-well plate in 2.5 microliter aliquots using an
automated pipettor. The number of drugs or drug combinations and the number of
concentrations tested depended on the number of viable malignant cells that were isolated from
the tumor specimen. The drug concentrations, determined by molarity, were those indicated by
the manufacturer as the desired blood level concentration plus or minus one seral dilotion if
enough cells were avaiiable.

Following drug addition, the plate was incubated for 30 min at 377 C into a 5% carbon
dioxide bumdified atmosphere jucubator. Each well was then overlayed with sterile mineral oil,
and the plate was placed into the incubator chamber of a microplate spectrophotometric reader.
The optical deunsity at 600 nanometers was read and recorded every 5 minutes over a period of 48
hours. Optical density increases, which correlate with apoptosis, were converted to kinetic units
(KUY of apoptosis by a proprietary software ProApo with a forraula described in the previous
Kravtsov reference tncorporated by reference {i.e. Kravtsov V. et al. Use of the Microculture
Kinetic Assay of apoptosis to determine chemosensitivitis of feukemias. Blood 1998; 92: 968-
980} and were correlated with patient outcomes. Active apoptosis was indicated as > LO KU A
drug producing < 1 KU was described as mactive, or that the turmor was resistant to that drug
based on previous laboratory correlations of KU with other markers of drug-induced

cytotoxicity {growth in culture, thymidine uptake}.
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Treatment of Patients with Data Obtained from MICK Assay of Present Disclosure

The aforementioned study and associated MiCK protocol was a prospective multi-
institutional non-blinded trial. MiCK assay results obtained before any therapy was initiated
were always transmitted to physicians. Physicians treated patients with the physicians’ own
choice of drugs as they deemed clinically indicated and were free to use or not use any of the
data from the MiCK assay. Tumor responses were measured by RECIST or other ehinical
criteria. Patients were evaluated for time to recurrence after assay and survival after assay.

There were no rules or directions about how to use the MiCK assay results. The study
evaluated whether the oncologist used the resulis of the assay, whether other data was also used
{e.g., estrogen receptor analysis or Her2 test results, or addition of other drugs) or whether the
assay results were not used. Because nstructions or rules about using the assay were not given,
it was felt that this was a more valid test of how the assay would be used in the “real world”
where oncologist have complete discretion in treatment planning.
Statistical Evaluation

Que of the goals of the study was to identify how frequently physicians used the MiCK.
assay results to help determine patient treatiment, and to correlate use of the MiCK assay with
response rate, relapse-free mterval, and overall survival, Physicians completed questionnaires in
which they described what the intended treatment was before the assay data was returned, what
treatment was used after the assay was reported, and whether the assay was used in formulating
the final treatment given to the patient. Data were imported mto SAS software for analysis. ifa
sanple had multiple doses of the same drug, then the concentrations with the highest KU value
was assigned o the drug. Nonparametric Kaplan-Meier product limit methods were used for
survival analysis and the analysis of relapse-frec interval. In this analysis the log rank test was
used to compare survival curves and the Wilcoxon test for comparing medians, Response rates
were compared using contingency tables and Fisher’s exact test.
Investigational Review Board Approval

lnvestigators performed this trial after IRB approval was obtained from and monitored
by the Western IRB in Scattle, Washington. Each patient had given voluntary imformed consent
in writing prior to submission of turnor specimen for MiCK analysis. The chinical trial was
registered at clinicaltrials.gov NCT00901264.
Hesuits

The patient characteristics are described in Table 3. Mean age was over 65, and 29
patients were female, A vartety of tumors were studied, including breast (16}, non-small cell
fung cancer (6}, non-Hodgkin’s lymphoma (4} and others. Physicians most commonly entered
patients who were being considered for palliative chemotherapy. Only 4 paticnts were entered
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who were being considered for adjuvant chemotherapy. The median line of therapy planned to

pele

be used for palliative care after the MiCK assay was 2™ line, with a range of first line treatruent
up to 8" line treatment. The median time of follow up for patients was 4.5 months (4.0 months
in paticnts whose physicians did not use the MiCK assay, versus 5.6 months in patients whose
physicians used the MiCK assay to plan the treatments).

MiCK assay results were frequently used by physicians (Table 4). 64% of patients
recetved chemotherapy based at least in part on the MiCK assay. 18 (41%) used only the MiCK
assay. In 10 patients (23%), physicians used MiCK results but also commbined that information
with other drugs not tested in the assay, or modified the assay results based on individual patient
characteristics such as organ function and based on tumor biological characteristics. The
biological characteristics of these varied tumors were considered by the oncologists in
developing the final treatment plans. For example, in breast cancer, hormone-receptor positive
patients recetved hormonal agents n addition to chemotherapy, and trastuzomab n addition to
chemotherapy in Her2 positive patients. Patients with non~small cell ung cancer who were egfr-
muiation positive received erlotmb prior to consideration for performing the drug-induced
apoptosis assay. CI328 positive non~-Hodgkin’s lymphoma patients received rituximab in
addition to chemotherapy, In 22 patients (50%j), a change 1 chemotherapy resulted based on
using the MiCK assay results.

Even though patients had signed consent to obtain the assay, in 16 instances the
physician did not use the assay to determine patient treatment. In 1 instance the patient entered a
clinical trial. After being advised of the assay results and proposed treatinent based on the assay,
7 paticuts preterred to be treated with another therapy (usually due to toxicity of the therapy
identified as best in the MiCK assay). In the other § patients, the physician preferred to use
another treatment based on literature or physician’s personal expericnce.

In breast cancer, the largest subset of patients that were treated, 9/16 [56%] of patients
were freated based upon the MiCK assay. In 3/9, the MiCK assay was used with other non-
tested drugs, in 3/9 MiCK results were combined with targeted biotherapies, in 2/9, MiCK
results were combined with hormonal therapy, and in 1/9 only the drugs active in the MiCK
assay were used,

Effect on Choices of Chemotherapy, Generic vs. Proprietary

I 16 patients (36%), oncologists changed from an intended use of propuietary
chemotherapy before knowledge of the MiCK assay to actual use of generic drugs after assay
resulis were reviewed. In 3 (7%) of patients, physicians changed from intended use of generic
drugs to actual use of proprietary drugs. In 9 patients (20%), physicians used single drug

therapy after the MiCK assay, compared to an intended use of combination therapy prior to
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knowing MiCK assay results. In 4 patients (9%}, oncologists used combination therapy after
MiICK assay results, compared to an intended use of single drugs prior to knowledge of the
MiICK assay results,

When physicians used the MiCK assay, they used a chemotherapy that produced the
highest KU value in 16 patients. Physicians used a treatment with a higher degree of apoptosis
{greater than 2 KUY in 23 patients,

Effect on Patient Oufcomes

In patients receiving palhiative chemotherapy, complete plus partial response rates were
compared to the use or nop-use of the MiCK assay {Table 5). If physicians used the results of
the MiCK assay, complete phus partial response rate was 44%. This compared to only 6.7% CR
plus PR rate if physicians did not use the MiCK assay (p< 0.02).

Overall survival was compared to use or non-use of the MiCK assay results (Figure 2).
If physicians used the MiCK assay for determination of paticnt therapy, median overall survival
was 10.1 months compared to only 4.1 months if physicians did not use MiCK assay results
{(p=0.02).

The relapse-~free interval in patients whose physicians used the MiCK assay to determine
therapy was compared to those patients whose physicians did not use the MiCK assay results
{Figure 3). The median relapse~-free interval was 8.6 months in paticuts whose physicians used
the MiCK assay, compared to 4.0 months in patients whose physicians did not use the MiCK
assay (p<0.01}.

In order to rule out the possibility that the addition of other drugs to the chemotherapy
selecied based on the MiCK assay was respousible for the advantages observed when
oncologists used the MiCK assay, we compared the results of patients whose oncologists used
only the MiCK assay with the results of patients whose oncologists did not use the MiCK assay.
Complete and partial response rates were higher in patients treated based only on the MiCK
assay {43.8%) comparcd to patients treated without the use of the MiCK assay (6.7%, p=0.04).
Overall survival was longer in patients treated based only on the MiCK assay (median 10.1
months) compared to patients treated without the use of the MiCK assay {median 4.1 months,
p=0.02). The relapse-free interval was longer in patients ireated based only on the MiCK assay
{median 8.0 months) compared to patients treated without the use of the MiCK assay (median
4.0 months, p=0.03}. Thus, we conclude that the use of the MUK assay {(and not the addition of
other drugs) was associated with the improved cutcomes observed.

Discussion
This utility study was non-blinded, so that the oncologist received, within 72 howrs of

biopsy, the drug-induced apoptosis results and a laboratory mterpretation of which therapics
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were best in vitro, and the actual KU of apoptosis for each single drug or combination tested.

Resulis demonstirate that the MiCK assay was frequently used by physicians to determine
patient treatments. The 649 rate of use of this predictive bioassay by oncologists, to design the
chemotherapy treatruent plan, was considered to be evidence of chinical utility (physicians will
use the results in patient care).

The resulis in this stady indicate that not only are oncologists willing to use the results of
the assay, but when they do, outcomes are likely to be superior to results when physicians do not
use the assay. The magnitude of the improvement n these patients was large enough to be
statistically significant.

This finding of improved outcomes may also reduce costs of care by avoiding use of less
effective treatruents. The observation that physicians often used less cosily generic drugs may be
important to oncologists by suggesting when generic drugs might be at least as useful as
proprictary drugs.

Thus, when physicians are informed of the MiCK assay results, they frequently use the
resulis to plan patient treatments, When physicians use the results, patient outcomes appear to be
better.

Example &. Patterns of in vitro chemaotherapy (CT)-induced apoptosis (APOP) in
recurrent/metastatic breast carcinoma (CA): comparisons of generic multi-source drugs
{Generics) with proprietary single-source drugs {Preprietaries).

Experimental Background

Therapy of metastatic breast cancer involves choices between Generics and Proprictaries,
and between combination chemwotherapies (Combos) and single-agent chemotherapies. This
experiment determined the relative in vitro chemotherapy induced apoptosts of Generics versus
Proprictaries, and Combos versus single agents.,

Methods

Purified breast cancer cells from 67 patient {(Pt) biopsies were placed in short-term
culture with chemotherapy using the microculture kinetic (MiCK) assay described in examples
I-4. Apoptosis was analyzed every five min over 48 hrs. Apoptosis was defined in kinetic units
(KU} of apoptosis. Significant Apoptosis was > 1.8 KU, Significant difference between
individual assays was > (.57 KU based on replicate analyses.

Prugs were classified as generic (g) or proprietary (p) based on the following scheme:

Generic=5-fluorouracil, carboblatin, cisplatin, cytoxan, doxorubicin, ctoposide,
epirubicin, fosfamide, methotrexale, mitoxanirone, taxol, taxotere, vincristing, vinorelbine,
vinblastine.

Proprietary=abraxane, doxil, entbulin, gemzar, ixabepione, oxaliplatin, xeloda
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Results

43 patients (pts) were evaluable for comparison of Generics versus Proprietanies,
Generics produced APOP > Proprictaries in 36/43 Pts (84%) and = to Proprietaries in 6 Pts
{14%). Proprictaries produced APOP > Generics in 1 Pt (2%). These resulis are tlustrated in
Tables 6 and 16. Also, Table 7 further tlhustrates the patient characteristics of the breast cancer
specimens.

In~class comparisons indicated epirubicin had mean APOP > doxorubicin (P={(.01},
cisplatin had APQOP > carboplatin (P<0,01); vinorelbine had APOP > vineristine (P=0.02);
docetaxel had APOP > nab-paclitaxel (P=0.01); whereas docetaxel and paclitaxel APOP were
not different (P=0.85). These and other detatled comparisons may be found in Tables 8-33,

However, in individual Pts, docetaxel had APOP > paclitaxel in 37% of Pis, whereas
paclitaxel was better than docetaxel in 31%. For Combos, cyclophosphanude + doxorubicin
produced APOP > single agents in 25%, while single agents had APOP =or >
cyclophosphamide plus doxorubicin in 67%. Cyclophosphamide plus docetaxel had APOP >
single agents in 33%, but single agents had APOP = or > cyclophosphamide plus docetaxel in
66%. These and other detailed comparisons may be found in Tables 8-33.

Conclusions

Generics APOP is often equal to or better than Proprictaries APOP. In individual patients
single agents frequently produced higher APOP than Combos. The currently disclosed MiCK
APOP assay can identify individual Pts with maetastatic breast CA for whom Generics or single
agents produce higher APOP than Proprietaries or Combos. These differences could result in
significant savings in health care costs,

Exampie 7. Are generic multi-source (Generic) chemotherapy (1) drugs as effective as
proprietary single-source (Proprietary) drugs? Evidence from in vitre CT-induced
apopiosis (APOP) in non-small cell lung cancer (NSCLC), colorectal cancer (Celon CA)
compared o recurrent/metasiatic breast carcinoma (Breast CA).

Experimental Background

We have demonstrated that cancer cells from patients (Pts) with recurrent or muctastatic
Breast cancer frequently show as much or better apoptosis with Generics compared to
Proprictaries (Example 6 discussed above). We have compared these observations to in vitro
apoptosis n patients with NSCLC and Colon cancer,
Metheods

Parified tamor cells from patient biopsies were placed wnto short term culture using the
microculture kinetic (MiCK) assay described in examples 1-4. Apoptosis was analyzed cvery

five minutes over 48 hours. apoptosis was defined in kinetic units (KU) of apoptosis.
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Significant apoptosis was > 1.0 KU, significant differences between individual assays were
defined as > (.57 KU based on replicate analyses. Resulis from Breast CA, Colon CA and
NSCLC were compared.

Drugs were classified as generic {(g) or proprictary {p) based on the following scheme:

senerie = Cytoxan, S-fluorouracil, cytarabine, carboplatin, carboplatin/Taxol,
carboplatin/Taxotere, cisplatin, cisplatin/Taxol, cisplatin/Taxotere, epirubicin/cloposide,
etoposide, idarabicin, ifosfamide, irinotecan, melphalan, methotrexate, mitomycin,
mitoxantrone, topotecan, vinblastine, vineristine, vinorelbine,

Proprietary = S-fluorouraciVirmotecan/oxahiplatin, S-fluorouracil/oxaliplatin, Alimta,
Alimta/Taxol, Alimta/carboplatin, Alimta/cisplatin, cisplatin/Gemzar, irinotecan/Xeloda,
Alimta/Gemzar, Gleevee, oxaliplatin/Xeloda, sorafenib, sunitinib, Tarceva, Xeloda, Abraxane,
(Gemzar, oxaliplatin.

Hesuits

41 patients {pts) with NSCLC, & Pts with Colon CA and 67 Pts with Breast CA had
successful cultures. Generics produced APOP greater than Proprietarics in 25/32 Pts with
NSCLEC (78%), 4/7 Pts with Colon CA {57%) and 36/43 Pts (84%) with Breast CA. Generics
produced APOP = Proprictaries tn 5 Pts with NSCLC (16%;), 1 Pt with Colon CA (14%) and 6
Pis (14%) with Breast CA. Proprietaries produced APOP greater than Generics n 2 Pts with
NSCLC (6%, 2 Pts with Colon CA (29%) and 1 Pt (2%) with Breast CA. There were 0 Pts with
NSCLC, Colon CA or Breast CA in whom no drug produced siguificant APOP (KU less than
1.0). Proprietarics produced more APOP in Colon CA than in Breast CA (p<<0.05). These results
can be found in: Table 6 (all diseases specimens); Table 16 (Breast cancer specimens); Table 34
{Lung cancer specimens); and Table 35 (Colon cancer specimens). A comparison of the
statistical significance between the tested fissue specimen types, in relation to whether generics
or proprietary drugs are more effective, can be found in Figures 4-7.

Conclusions

(enerie drugs can produce APOP in vitro equal to or better than Proprietary drugs in
most Pts with NSCLC, Colon CA, and Breast CA. The frequency of Generic drgs being at
least as active as Proprictary drugs varies by disease, and was higher in Breast CA compared to
Colon CA. However, the MiCK APOP assay can identify which individual Pts might require
use of Proprietary drugs. These conclusions justify prospective chinteal trials to confirm these in
vitro results. Increased use of Generic drugs based on the APOP assay may help to control

healthcare costs,
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Example 8. Cost Savings by Use of a Chemotherapy-Induced Apoptosis Assay in Breast,
Colon and Non-small Cell Lung Cancers,

Experimental Background

Chemotherapy costs in the United States have become dramatically high. We have
demonstrated in the preceding examples 1-7 that an improved chemotherapy-induced apoptosis
assay (the microculture-kinetic, or MiCK assay) has been developed. Use of the assay to plan
chemotherapy treatment was shown to be associated with improvement in clinical outcomes:
improved response rate, longer time to relapse, and longer survival (Example 5). The previously
presented experiments also tadicaied that in the assay, the drug-induced apoptosis from generic
multi-source drugs was frequently greater than or equivalent to the apoptosis from proprictary
single~-source drugs (Examples 5-7). Therefore, this experiment was performed to estimate the
possibie cost savings by using the MiCK assay to substitute generic multi-source drugs for
proprietary single-source drugs in freating patients with breast, colon, and non-small cell lung
cancers. We use the generic term, monetary consequences, to denote the monetary differences
which would result from utilizing one drug candidate versus another. These monctary
consequences can be beneficial to a patient or healthcare system if, for example, the chosen drug
{often a generic) 1s relatively cheaper than a compared proprictary counterpari. In a scenario in
which the chosen geuneric drug is cheaper than its proprictary counterpart, one would term the
monetary consequence {for example the difference in cost between using the generic and
proprieiary), as a cost savings. However, the monetary consequences do not have to resuli in a
cost savings, because the drug with the higher KU value could be the drug candidate which costs
relatively more money. To that situation, the monetary consequence of choosing the drug
candidate to use for a patient based upon the MiCK assay would result in a relative loss of
money, as a more expensive drug would be chosen, The genceric monetary conscguences term
may also be further described by utilizing the Mean Drug Savings, Assay Adjusted Mean Drug
Savings, and Net Mean Drug Savings statistics claborated below,
Methods

Purified tumor cells from Pt biopsies were placed into short term culture using the
microcuiture kinetic (MiCK) assay described 1o exariples 1-4, Namely, Stenile tumor specimens
with at least 0.5 cm’of viable tumor tissue, 5 core needle biopsies, or 1000mi of malignant
sffusions were obtained, Within 24 {o 48 hours of collection, the specimen was minced, digested
with 8.25 % trypsin and 0.08% DNase for 1-2 hours at 37C°, and then filtered through a 100
micrometer cell strainer. When necessary, non-viable cells were removed by density gradient
centrifugation. The cell suspension was then incubated for 30 min at 37° C in a tissue culture
flask to remove macrophages by adherence. For epithelial tumors lyraphocytes were removed by
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30 minute incubation with CD?2 antibody conjugated magnetic beads for T lymphocytes and
CD 19 antibody conjugated magnetic beads tor B lymiphocytes. Remaiming macrophages were
removed, if necessary, using U114 antibody conjugated magnetic beads. The final cell
suspension was plated into a 96-wel or 384-well halt-area plate, 120 microliter ahiguot per well.
The plate was incubated overnight at 37°C with 5% carbon dioxide humidified atmosphere.
5x10% to 1.5x10° cells were sceded per well depending on the cell volume to give complote well-
bottom coverage. Human JURL-MEK2 chronic leukemia in blast erisis cell line (DSMYZ,
Germany) was used as a positive control for MiCK assays performed with patient tumor cells,
RPMI-1640 mediur without phenol red was used for all cultures. It was supplemented with
16% fetal bovine serum, 100 units/ml of penicillin, and 100 micrograms/mi of streptomycin.
Cell counts and viability were evaloated by trypan blue dye exclusion. Afier punification of
contaminating and necrotic cells, each tumor cell preparation was analyzed by a pathologist
using hematoxylin/cosin statned cytospin proparations to contirm the presence of malignancy
cytologically. If an adequate number of cells were available, immunocytochemichal stains were
also performed to better characterize the tumor phenotype. To be evaluable, tumor specimens
contained at least 90% tumor cell content by pathology evaluation and 90% viability by trypan
blue exclusion.

After overnight incubation, chemotherapy drugs were added to the wells of the 96-
weliplate in Smicroliter aliquots. The number of drugs or drug combinations and the number of
concentrations tested depended on the number of viable malignant cells that were isolated from
the tumor specimen. The drug concentrations, determined by molarity, were those indicated by
the manufacturer as the desired blood level concentration plas or minus one serial dilationaf
enough cells were available. Following drug addition, the plate was incubated for 30 min at 37°
C nto a 5% carbon dioxide humidified atraosphere mcubator. Bach well was then overlaid with
sterile mineral oil, and the plate was placed into the incubator chamber of a microplate
spectrophotometric reader (BioTek instruments). The optical density at 600 nanometers was read
and recorded every 5 mimutes over a period of 48 hours, Optical density increases, which
correlate with apoptosis, were converted to kinetic units (KU) of apoptosis by a proprictary
software ProApo with a formula described above. Active apoptosis was indicated as > 1.0 KU,
A drug producing < 1 KU was described as inactive, or that the tumor was resistant to that drug
based on previous laboratory correlations of KU with other markers of drug-induced
cytotoxicity {growth in culture, thymidine uptake).

Results of all assays from patient with breast carcinoma with recurrent disease, colon
carcinoma, or non-small cell lung carcinoma that bad been completed by the study cut-off date
were analyzed. Studies were evaluable only if both proprictary single-source drugs and generic
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multi-source drugs were both tested in the assay, Superiority of a drug was defined as apoptosis
(.57 KU or more above the comparative drug. Equivalence was defined as apoptosis for oue
drug within 0.57 KU of a second drug. Infertority was defined as apoptosis for one drug 0.57
units or more below the second drug.

Costs of chemotherapy were evaluated using Medicare payments for 6 cycles of therapy
{based on the pavment schedule for the fourth quarter 2011}, A chemotherapy cycle consisted of
3 or 4 weeks of therapy (depending on the drug or combination). Patients were assumed to be
1.8 m” in surface arca, because this is the average size of a human being. This measurement was
used to calculate the dosage of the drug.

Proprictary single source drugs were nab-paclitaxel, gemcitabine, oxaliplatin,
capcitabine, xabepilone, erubihin, liposomal doxorubicin, and pemetrexed.

Generic mulitisource drugs were cyclophosphamide, doxorubicin, epirubicin, paclitaxel,
docetaxel, cisplatin, carboplatin, irinotecan, topotecan, vinorelbine, and vinblastine,

Proprictary drugs or combinations for breast cancer were nab-paclitaxel, capcitabine, and
gemeitabine; for colon cancer was S-fluorouracil plus leucovonn plus oxaliplating and for non-
small cell lung cancer were pemetrexed plus cisplatin and gemcitabine plus cisplatin.

Generie drugs or combinations for breast cancer were vinorelbine, docetaxel plus
cyclophosphamide, and epirsbicin plas cyclophosphamide; for colon cancer was S-fluorouracil
plus feucovorin phus irinotecan; and for non-small cell lung cancer were carboplatin plus
pachiaxel, vinorelbine, or docetaxel.

The medicare reimbursement for 6 cycles of each drug or combination was calculated
aund the average of proprietary drugs and average for generic drugs for each cancer were then
compared.

The mean drug savings was defined as the difference between the mean proprictary drug
cost minus the mean generic drug cost. The assay-adjusted mean drug savings was defined as
the drug savings multiplied by the frequency of generic drug superiority or equivalence to
proprictary drugs {as determined by the MiCK assays}. The net mean drug savings was defined
as the assay-adjusted mean drug savings minus $5000, the estimated cost of the MiCK assay,
The percent cost savings was defined as net drug savings divided by mean proprietary drug cost.
The following formulas tlhustrate these relationships:

Mean Drug Savings = mean proprietary drug cost — mean generic drug cost

Assay Adjusted Mean Drug Savings = {mean proprictary drug cost — mean generic drug

cost} x freguency of generic drug superiority or cguivalence to proprictary drugs
e o o o

2
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Net Mean Drug Savings = (mean proprietary drug cost — mean generic drug cost) ¥

frequency of generic drug superionity or equivalence to proprictary drugs — cost of MiCK

Assay
Statistical Analyses

A determination was made as to the three most widely used treatment programs for cach
cancer, Then, the standard average dosage for each treatment was determined, as well as the
medicare allowable cost for each cancer for an individual patient. Then, MiCK assays were run
and the results allowed an ascertainment of the best treatment plan based on the various cancer
types. These MiCK assay deduced best treatment plans were then compared (o the usual
treatment costs. Following the comparison, the results and selected best treatment plans based
upon the MiCK assay resulis were reviewed by a nationally recognized cancer cost consultant.
Resulis

There were 7 patients with colon carcinoma, 32 pationts with non-small cell lung
carcinoma and 43 patients with breast carcinoma who were evaluable (Table 6 and as presented
in Example 7). The table indicates that generic multi-source drugs were equal to or greater than
proprietary single-source drugs in 71% in colon cancer, 98% in breast cancer and 94% in non-
small cell lung cancer, Proprictary drugs produced more drug-induced apoptosis in 29% of
patients with colon cancer, 2% in patients with breast cancer and 6% with patients with noun-
small cell lung cancer.

The cost of care for drugs was then modeled as descuibed 1u the methods. The results
indicated that the differences in costs for six months of care for drugs alone {excluding
chemotherapy administration, supportive care drugs, tumor testing, hospitalization, or
emiergency care) were as listed in Table 36 and Table 37,

In all 3 cancers there were substantial savings by substituting generic drugs for
proprietary drugs.

The assay-adiusted mean drug savings remained high for cach of the cancers (Table 36).
The estimated net savings per patient varied {from $8,321 to $20.338. Percent cost savings varied
from 42.8% to 54%. Based on the methods of the present invention, breast cancer treatments
would witness a 43% savings; colon cancer treatments would witness a 54% savings; and non-
small cell lung cancer treatments would witness a 47% savings.

Discussion

This study indicates that use of the drug-induced apoptosis assay, of an embodiment of
the present invention, could result in substantial cost savings {(Table 36}, This assumes that all
physicians in the absence of the assay would use proprietary drugs or combinations, and that
when a physician was aware of the results of the assay, the physician would follow the guidance
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of the assay and use generic drugs or combinations if they were better than or equal to
proprietary drugs and combinations, and use proprictary drugs or combinations f they were
superior in the assay.

This study assumes that all physicians would use drugs that were best in the drug-
induced apoptosts assay. In a previous example (Example 5), it was found that the physicians
used the best results from the drug-induced apoptosis assay 64% of the time. Therefore, it is
possible that the net cost savings (estimated in the Table 36) might be reduced by as much as
36%. However, as the prior study in exaraple S progressed, mcreasing numbers of physicians
followed the guidance of the assay, indicating that the 64% rate of usage of resuits from the
drug-induced apoptosis assay is probably a minimal estimate.

The potential cost savings must also be acknowledged to be only for the
chemotherapeutic drugs tested in the assay. As more proprietary drugs become available in
certain discases (©.g. breast cancer), it is possible that an increasing percentage of patients may
be more responsive to proprietary drugs, and net cost savings would therefore be less. It is also
possible that some proprietary drugs would become generic {e.g. colon cancer), thus, possibly
reducing differential cost and reducing the potential cost savings impact of the use of the assay.

Nevertheless, this study suggests that more widespread use of the drug-induced apoptosis
assay of an ernbodiroent of the present invention s highly likely to result in substantial cost
savings to patients and to health plans if implemented widely in the oncology community. More
importantly, not only would cosis be less, but as indicated 1o Example 5, patient outcomes were
better when physicians used an embodiment of the currently disclosed MiCK assay to plan
patient therapy. Use of a MiCK assay, according to an embodiment of the present invention, was
associated with statistically significantly higher complete and partial response rates, longer time
io relapse, and longer survival (Example 5).

Thus, wtilization of the currently disclosed MiCK drug-induced apoptosis assay may
cuable the identification of the dominant therapy for each patient with breast, colon, and lung
cancer. Therapy chosen with the utilization of the currently disclosed assay has a better outcome
and also lower cost. The presently described MiCK assay will be an important tool in health care
reform and personalized medicive.

Fxample 9. Photomicroscopy Experiment

An experiment was conducted to validate the use of photormicroscopy in the methods as
claimed. The photomicrographs (FIG's. 8 and 9) illustrate the cell distribution and viability of
cells before overnight incubation and atter overnight incubation, respectively. Therefore,
photomicrographs may be used o assess cell viability and can be considered the last step in the
cell 1solation/puritfication process or could be considered the begimning of the MiCK assay.
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Figure 8 is a photomicrograph of cells in one well of a plate before overnight incubation.
Figure 9 18 a photomicrograph of the sawe well after an overnight incubation of 15 hours. The
cells in Figure 9 appear to be more oval and slightly flatter, because they are now adhering to the
bottorn of the well. Fig 9 represents the condition of cells in a well, at 4 point in the method |, at
which anti-cancer drug candidates are now ready to be added to the well.

Example 10, Patient Specific Cancer Cell Testing

An experiment was conducted to ascertain which potential anti-cancer drug candidate
would be most effective for a particular patient. The experiment thus validates the disclosed
riethodology and assays as an effective tool Lo create individualized cancer treatment protocols.

The experiments were conducted on neoplastic cells collected from spleen and
abdominal tumor biopsy specituens fror a 55 year old female. The tumor specimens were of an
unknown primary. The experiment consisted of using a MiCK assay, according to the present
disclosure, to test the effectiveness of 37 potential anti-cancer drugs, combinations of these
drugs, and various concentrations of these drugs.

Based on the results, cisplatin is the single drug with the most efficacy for this patient.
Cisplatio bad a KU value greater than 10K U’s (Table 383 However, any of the platinum based
drugs utihized as single agents would be highly effective. Sunitimib or Cytoxan, as nonplatinum
based drugs, also gave highly effective results and would be good alternatives if the patient
could not tolerate platinum.

Apoptotic readings greater than 5.0KU 1o the MiCK assay are considered to be highly
sensitive and are associated with a good clinical response. All reagents and combinations of
reagents were control tested against a viable coutrol cell line and found to wnduce appropriate
levels of apoptosis. It should be noted that the alkylating agents cyclophosphamide and
ifosfamide require hepatic metabolic transformation to their active metabolite, 4HC and 4HI
respectively, and therefore cannot be tested directly in vitro. For the MiCK assay their active
metabolites, 4HC and 4HI respectively were used.

The experiment also tested various concentrations of the 37 anti-cancer drug candidates
and this data may be found in Fig. 10. It can be observed that some of the tested anti-cancer
drugs had a heterogeneous response on apoptosis depending upon concentration, whereas other

drug candidates showed no response with varying concentration.
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TABLE 1. Enzyme Utilization Dependent Upon Tumor Type of Specimen

Tumor type First (.:?O,ice enzyri}e Other enz}mc possii'biiity
+ DNase 0.008% + DNase 0.008%
Bladder Collagenase IV 300 U/ml
Breast Collagevase IV 300 U/ml | Collagenase I 200 U/l
Cervix Trypsin 0.25%
Colon to iﬁéiigzj fgiiifm Trypsin $.25%
Endometrial Trypsin 0.25% e
Kidney Collagenase IV 300 U/ml e
Gastric Trypsin 0.25% e
Letomyosarcoma Trypsin .25% Collagenase IV 300 U/ml
Liver Collagenase IV 300 U/mld
Lung Collagenase IV 300 U/ml e
Melanoma Collagenase IV 300 U/mi
Ovarian Trypsin 0.25% -
Pancreas Cgﬂagenasia IV 300 1{/'11111 .
+ Hyaluronidase .1 U/ml
Prostate Collagenase I 300 U/mi o
Soft tissue sarcoma Trypsin §.25% e
Thymus Collagenase I 300 U/mi o

Table 2. Final Cell Suspension Plating Protfocol

96 well plate | 384 clear plate/ | 384 black plate/
Corning # 3696 | Coraing #3701 | Greiner # 788091
izﬁin 30 ul 15ul 2.5ul
Cell suspension 90 ul 45 ul 15ul
Drug S ul(25X%) 2.5ul (25X) 2.5ul 8X%)
Ol 30 ul 15ul Tl
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Table 3. Patient Characteristics

Number of Patients 44
Age {(mean) 65.1 years
Gender 29 fomale

Tumer Types

Breast 16
Norn-small Cell Lung 6
Non-Heodgkin’s Lymphoma 4
Pancreas 3
Ovary 2
Skin 3
Other 16

Performance Status (ECOG mean) | 1.3

Line of Therapy

Adjuvant 4
i 16
2lld 9
3% 5
4th l
5" or higher 5

Table 4. Patterns of MICK Assay Use

Physician Used MiCK Assay 28
Used only the assay results I8
Used the assay and other data 8
Used assay plus other drugs 9

Used the assay but modified due to organ function | 2

Physician did not use the MiCK assay resuits 16
Patient preferred not to use drugs 7
Patient put on clinical trial i
Physician just didn’t use results 8
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Table 8. Correiation of Response with MiCK Assay Use

R | PR | Siable | Progression

Physician used assay results 308 8 6
Physician did not use assay results | 0 | 1 3 i

Table 6. Comparison of Generic Multi-Seurce Drugs with Proprietary Single Source
Drrugs in the MiCK Drug-Induced Apoptosis Assay.

Generic Drug . -
Number Apoptosis Be t:;er Generic _Dru g Propme&ary_Drug
Disease of Assays Than E’i;o rietary Apoptosis Equal To Apoptosis Better
Y PHERL Proprietary Drug Than Generic Drug
Drug i ‘“
Colon 7 57% 14% 29%
Breast 43 84% 14% 2%
Non-Small . s .
el | ] 32 78% 16% 6%
Cell Lung
Table 7. Patient characteristics (n=72)
Age 56 years {median}
. 54% No
Assay on tumor metastasis o
46% Yes

69% No
31% Yes
78% No
22% Yes
33% Lymph node
18% None
16% Other
15% Pleural effusion
12% Liver
6% Chest wall

Assay on metastatic nodes

Assay on primary fumeor

Site of metastasis

(N=67 tissuc samples from breast cancer patients were analyzed with the MiCK assay. Patient

characteristics are shown below)
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Table 8. KU Summary Statistics for Various Drugs

Only drugs where there were at least 9 samples were considered,

§Median§stdaev? %21 | %>3
08 085 31%. 0%

1.0 .91

1.0

Cisplatin 78% 22%
Cytoxan 85% 31%
Cytoxan/Doxo 92%. 54%

Cytoxan/Cpi 100%:

{fasfamide
ixabepilone

Methotrexate

Vinor
Vinor/Xeloda

Vbl

Xeloda

In the following Tables 9-135, to compare two drugs, their KU values were analyzed ona

patient level using a paired t-test approach.

Table ®. Patient pairwise comparisons of KU: Epirubicin vs doxerubicin vs mitoxanirene

Drug Compare Mean Difference {95% Ch) $ta§‘.§s€wa,§
i Significance
Epi — Doxo (n=34) 0.37 (0.08 to 0.66) 0.01
Epi ~ Mitox (n=21} .83 (03810 1.28) < (.01
Doxo — Mitox {(n=18) 0.63 (0.1lto1.15) 0.02
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{These drugs appear to differ from cach other with the biggest difference being between Epi and

Mitox.}

Table 16, Patient paivwise comparisons of KU: Cyloxan vs ifosphamide

Prug Compare Mean Difference {($5% I} ‘?m?lsﬁmi
Significance
Cytoxan — Ifosphamide (n=11} .34 (-0.07t0 0.76} (.10

{There 18 borderline statistical significance between Cyvtoxan and Hosphamide.)

Table 11, Patient pairwise comparisons of KU: Carboplatin vs cisplatin vs oxaliplatin

Drug Compare Mean Difference (88% Cl} | Statistical Significance
Cisplatin — Carbo (n=24) .88 (0.37t0 1.39) < (.01
Oxali — Carbo (n=11) 4.34 (-0.1410 0.82) 0.15
Cisplatin - Oxali (n=10) .33 (-0.07t0.73) (.09

10 (Cisplatin is statistically higher than Carbo (p<0.01). 1t 1s borderline statistically higher than
Oxali (p=0.09}.}

Table 12. Patient pairwise comparisons of KU: Vinblastine vs vincristine vs vinorelbine

Drug Compare Mean Difference (95% C1) | Statistical Significance
Vbl - Vincristine {n=7) 0.14 (02610 0.54) .43
Vinor — Vincristine {(n=11) 0.63 (81010 1.16) $0.02
Vinor — Vnbl {n=1{0} 0.14 (02010 049 (.37

15 {The only statistically significant difference i1s vinorelbine 1s higher on average than vineristine

{p=0.02))

Table 13. Patient pairwise comparisons of KU: Taxol vs taxotere vs abraxane

Brug Compare Mean Difference (95% CI) | Statistical Significance
Taxotere — Taxol (n=35) 005 (-0.54100.65) .85
Taxotere — Abraxave (n=12) | 0.98 (0.26 10 1.69) (.01
Taxol — Abraxane (n=12) 120 (0.26 10 2.14) 0.02

20 {Both Taxol and Taxotere are statistically significantly larger than Abraxane.)
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Table 14, Patient pairwise comparisons of KU: Doxil vs doxorubicin

Drug Compare | Mean Difference (85% Ch

Statistical Significance

Doxo — Doxil (n=9) .56 (-0.97 w0 1.18)

(.08

{The difference between doxil and doxorubicin is borderhine statistically significant (p=0.08).)

Table 15, Patient pairwise comparisons of KU: Xeloda vs 5fu:

Drug Compare Mean Bifference (85% 1)

Statistical Significance

Xeloda ~ 58U (n=13) | 0.26 (-0.26 10 0.77)

8.30

{There 15 wsufficient statistical evidence to conclude a difference belween Xeloda and SFU)

Table 16. For single drugs, in how many cases was the best generic more effective than the

best proprietary in BREAST cancer specimens.

Condition

{ount

best generic > best proprictary by more than .37 and best generic > 1.0

36/43 (R4%)

how many = (within +/~ 0.57)

6/43 (14%)

best proprictary > best generic by more than 0.57 and best proprictary > 1.0

1743 ¢ 2%

how many were all KU < 1.0

0767 ( 0%)

Table 17. Comparison of Cyiox versus Hos

Condition

Count

Cytox > Hosf by more than 0.57 and Cytox > 1

2711 (18%)

Cytox = Hfosf +/- 0.57 and both > |

6/11 (55%)

ffost > Cytox + 0.57

/11 (0%)

Cvtox and Hosf both < 1

311 (27%)
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Table 18. Comparison of Carbo versus Cisplat

Condition Count

Carbo > Cisplatin by more than 0.57 and Carbo > 1| 2/24 (8%)

Carbo = Cisplatin +/- 0.57 and both > 1 /24 (17%)
Cisplatin > Carbo + .57 14/24 (SR%)
Cisplatin and Carbo both < 1 4/24 (17%)

Table 19. Comparison of Carbs or Cisplat versus Uxali

Condition Count

Max (Carbo or Cisplatin} > Oxali by more than 8.57 and | -
, . , 4/11 (36%)
Max {Carbo or Cisplatin} > |

Max (Carbo or Cisplatin} = Oxali +/- 0.57 and both > 1 { 4/11 (36%)

Oxali > Max (Carbo or Cisplatiny + (.57 11 (9%)

Carbo and Cisplatin and Oxali <1 11 (9%

Table 28. Comparisen of Vinroel (Vinor} versus Vineristine (Ver) and Vabl

Condition Count

Vinor > Max (Ver or Vabl) by more than (.57 and Vinroel > 1 | 4/14 (29%)

Vinor = Max (Ver or Vbl +/- 0.57 and both > 1 5/14 (36%)
Max (Ver or Vbl > Vinor + (.57 0/14 (0%)
Verand Vbl and Vinor < 1 2/14 (14%)

Table 21. Comparison of Abraxane versus Taxel and Taxotere

Condition Count

Abraxane > Max (Taxol, taxotere} by more than 0.57 and Abraxane > 11 /13 {0%)

Abraxane = Max {Taxol, taxotere) +/- 0.57 and both > | 2713 {(15%)
Max (Taxol, taxotere) > Abraxane + .57 1W0/13 (77%)
Abraxane and Taxol and Taxotere < 1 /13 (R%)
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Table 22. Comparison of Taxotere versus Taxel

Condition Count

Taxotere > Taxol by more than 8.57 and Taxotere > 1 | 13/35 (37%)

Taxotere = Taxol +/- .37 and both > 6/35 (17%)
Taxol > Taxotere + 0.57 13735 (31%)
Taxol and Taxolere < 1 5/35 (14%6)

Table 23. Comparison of Dexil versus Doxe

Condition {ount

Doxit > Doxo by more than .57 and Doxal > 1| 0/9 (0%)

Doxil = Boxo +/- .57 and both > | 2/9 (22%)
Doxo > Doxil + 4,57 4/9 (44%)
Doxo and Doxil < 1 2/9 (22%)

Table 24. Comparison of Xeloda versus Sfu

Condition Count

Xeloda > 5fu by more than 0.57 and Xeloda > 1 | 2/13 (15%)

Xeloda = Sfu +/- 0.57 and both > | 0/13 (0%
Stu> Xeloda + 0.57 2/13 (15%)
5fu and Xeloda < 1 B3 (62%;)

Table 25. Comparison of Epirubicin versus Dexorubicin

Condition Count

Ept > Doxo by more than .57 and Epi> 1] 6/34 (18%)

Ept = Doxo +/- 0.57 aud both > | 22/34(65%)
Doxo > Ept + 0.57 3/34 (9%
Doxo and Ept < | 1/34 (3%)
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Table 26. For combinations of drugs, in how many cases was Sfu/metho> 5fu and metho
and >1.0; Sfu/metho=5fu or metho; 8fu or metho>5fu/methe; ali<l.§

Condition Connt

Sfu/metho > Max( 5fu, Metho) by more than 0.57 and 5fw/Metho > 1 | 2/10 (20%)

Sfu/metho = Max(5fu, Methoy +/- 0.57 and both > 1 2/10 (20%)
Max{5tu, Metho} > Sfu/metho + 0.57 1716 (10%)
Stu/metho, 5, and metho all < 1 4710 (40%)

Table 27. For combinations of drugs, in how many cases was carbo/taxel>carbo and {axel
5 and >L; oft=c or ; ¢ or £/t all <10

Condition Count

Carbo/taxol > Max{carbo, taxol} by more than 0.57 and Carbo/taxol > 1 | 4/12 (33%)

{Carbo/taxol = Max({(carbo, taxol} +/- 8.57 and both > 1 6/12 (50%)
Max{carbo, taxol} > Carbo/taxol + 0.57 112 (8%)
(arbo, taxol, carbo/taxol all < 1 1712 (8%}

Table 28, For combinations of drugs, in how many cases was carbo/taxotere>carbeo and
taxotere and >1.8; ¢/taxetere~c or {axetere; ¢ or tastere>¢/iaxotere; all <1.8

Condition Count

Carbo/taxotere > Max{carbo, taxotere) by more than 8.57 and Carbo/taxotere > 1 | 2/13 (15%)

Carbo/taxotere = Max{(carbo, taxotere) +/~ 8.57 and both > | 5713 (38%)
Max{carbo, taxotere} > Carbo/taxotere + .57 5713 (38%)
Carbo, taxotere, carbo/taxotere all < 1 1713 (8%}

18 Table 29. For combinations of drugs, in how many cases was cyiox/doxe>cytox and doxo
and >1.0; cytox/dexo=cyiox or doxe; cytex or doxe>cytox/doxe; all <i.§

Condition Count

Cyioxr/doxol > Max{cytox, doxo) by more than §.57 and Cytox/doxol > 1 | 3/12 (25%})

Cytox/doxol = Max{cytox, doxo} +/- (.57 and both > 1 312 (25%)
Max(cytox, doxol) > Cytox/doxol + 0.57 5/12 (42%;)
Cytox, doxol, cytox/doxol all < 1 1712 (8%%)
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Table 30. For combinations of drugs, in how many cases was cytoX/epi>cyte and epi and
>1.0; cytox/epi = cytox or epl; cyiox or epi>cyiox/eph; all <1.0

Condition Count

Cytox/epi > Max{(cytox,ept) by more than 0.57 and Cytox/epi > 1 | 4/11 (36%)

Cytox/ept = Max{cytox, ept} +/- 0.57 and both > 1 31T (27%)
Max{cytox, epi) > Cytox/ept + 0.57 4711 (36%)
Cytox, ept, cytox/cpt all < 1 /11 (0%

Table 31, For combinations of drugs, in how many cases was cytox/taxel>cytox and faxol
5  and >1.8; cytox/taxel= cytox or taxol; cytex or taxolcytex/taxel; all <1.0

Condition Count

Cytox/taxol > Max{cyiox, taxol) by more than 0.57 and Cytox/taxol > 1 | 2/10 (20%)

Cytox/taxol = Max{cytox, taxol) +/- 0.57 and both > | 2710 (20%)
Max{cytox, taxol} > Cytox/taxol + 0.57 6/10 (60%)
Cytox, taxol, cytox/taxol all < 1 /10 (0%

Table 32, For combinations of drugs, in how many cases was cytox/taxotere>cytox and
taxotere and > 1.0; cytex/taxotere=cyto or taxetere; cyiox or taxsiere>cyiox/taxetere;
all <1.8

Condition Count

Cytox/taxotere > Max{cytox, taxotere) by more than 0,57 and Cytox/taxotere > 1 | 3/9(33%;)

Cytox/taxotere = Max{cytox, taxotere)} +/- 0.57 and both > 1 2/9 (22%)
Max(cytox, taxotere) > Cytox/taxotere + 0.57 4/9 (44%)
Cytox, taxotere, cytox/taxotere all < 1 0/9 (0%}

io

Table 33, For combinations of drugs, in how many cases was vipor/xele™ viner and xelo
and >1.0; vinor/selo=viner or xelo; vinor or xeloe>vinor/xelo; ail<1.§

Condition Count

Vinor/xelo > Max{vinor, xelo} by more than .57 and Vinor/xelo> 1§ 8/10 (%)

Vinor/xelo = Max{vinor, xelo} +/- 0.57 and both > 1 4/160 (40%)
Max{vinor, xelo} > Vinor/xelo + .57 47180 (40%)
Vinor, xelo, and vinor/xele ali < 1 2716 (20%:)
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Table 34. In how many cases was the best generic more effective than the bes
in LUNG cancer Specimens.

i proprietary

Condition

Count

best generic > best proprictary by more than 0.57 and best generic > 1.0 2

5732 (78%)

how many = (within +/- 0.57)

5/32 {16%)

best proprictary > best generic by more than 0.57 and best proprictary > 1.0

2/37( 6%)

how many were all KU < 1.0

0/41 ( 0%)

Table 35. In how many cases was the best generic more effective than the bes
in COLON cancer Specimens.

{ proprietary

Condition

Count

best generic > best proprictary by more than 0.57 and best generic > 1.0

477 (57%

how many = (within +/- 0.57}

177 (14%)

best proprictary > best generic by more than 0.57 and best proprictary > 1.0

27 (29%

how many were all KU < 1.0

0/% { 0%)

Table 36. Drug Cost Savings from Generic Multi-Source Drug Use Versus Proprietary

Single Source Drug Use Based on the MICK Drug-Induced Apoptosis Assay.

Disease Drug Proportion of Patients | Assay-Adjusted | Net Drug Percent
Savings with Generic Drug Drog Savings Savings Cost
{(Mcan} Per | Superiority or {(Mean) Per {(Mcan) Per | Savings
Patient Bguivalence Paticut Patient

Colon $35,608 71% $25,338 $20,338 54.0%

Breast $13,593 98% $13,321 $8.321 42.8%

Non- $15,774 94% $14,827 $9.,827 47.0%

Small

Cell Lung

A
—
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Table 37. Drug Cost Savings from Generic Multi-Souree Drug Use Versus Proprietary
Single Source Drug Use Based on the MICK Drug-Induced Apoptosis Assay.

BREAST | NAB-PACLI | $26704 VINOR $2242
GEMCIT $12609 EPVCTX $1353
CAPECIT | $18976 | CTX/DOCET | 513913

AVERAGE | §1943¢ $SR37 | $13593 | 98% | $8321/PT

COLON FOLFOX $37670 FOLFIR] $I982 | $35688 | T1% | $20338/PT
NSCLC PEM/CIS $29217 | CARBO/PACLI | $806
GEM/CIS | $12609 VINOR $1601
DOCET $13609

AVERAGE | $20913 $5138 | $15774 | 94% | $9827/PT

A
[\
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TABLE 38. Apoptotic response of cancer cells to the 37 tested anti-cancer drug candidates
at various concentrations.

Max Resn Max
Drug Tested Resp. g e:vi:'; Drug Tested Resp. | Resp. Level
{(KU) o (KU}

‘ . cmcitabine +

Cisplatin >10.0 ?wmi i e
Paxolere

e N o . Lowin
4HC {cytoxan) 8.4 Paxolere 2.3 Modetate
T, o Methotrexale +
Oxaliplatin 6.7
Carboplatin 6.0
Melphalan 5.3
Vidaza 4.3
Dactinomycin 4.0
Velcade 3.8
Sorafentb 3.8
Eptrubicin 3.8 Moderate
Doxorubicin 35
4HI(ifosfamide) + "

SN 3.2
Epirubiciu
Danorubicin 3.1
Vincrelbine 3.1
innotecan 26
dHifostamide) 2.8

Low to

4HI(ifostamide) + Moderale
Dioxorubicin + 2.5
Dacarbazine
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CEAIMS

What is claimed is;

I. A method of evaluating the relative apoptosis~-inducing activity of an anti-cancer drug

candidate, comprising:

5 a)
b)
¢)

d3

19
f)

15 0

k)
20

b
25

1)

30

obtaining cancer cells from a turoor specimeny

mincing, digesting, and filtering the specimen;

optionally removing non-viable cells by deusity gradient centrifugation;

incubating the cell suspension to remove macrophages by adherence;

performing positive, negative, and/or depletion 1solation to isolate the cells of
interest;

removing any remaining macrophages, if necessary, using CD 14 antibody

conjugated magnetic beads;

plating the final suspension;

incubating the plate;

exposing at least one well of a plated final suspension to at least one first anti-

cancer drug candidate or mixtures of the first candidate and other substances;

exposing at least one well of a plated final suspension to at least one second anti-
cancer drug candidate or mixturcs of the second candidate and other substances;
measuring the optical density of the wells exposed to the at least one first and
second anti-cancer drug candidates, or wells contamming mixiures of at lcast one
first or at least one second anti-cancer drug candidate and other substances,
wherein said measuring of the optical density occurs in a serial manner at
selected time intervals for a selected duration of tivae;

determining a kinetic units valuc for the at least one first and second anti-cancer

drug candidates from the optical deusity and fime measurements;

correlating the kinetic units value for cach drug candidate with:

a) an ability of the anti-cancer drug candidate to mduce apoptosis in the
cancer cells if the kinetic units value is greater than a predetermined
threshold;

br) an inability of the anti-cancer drug candidate to induce apoptosis in the
cancer cells 1 the kinetic units value 18 less than a predetermined
threshold;

comparing the determined kinetics units value for each drug candidate; and

A
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o) determining a drug candidate that has a greater relative ability to induce apoptosis

in a cancer cell based upon the coraparison in step (n).

The method of claim 1, wherein the at least one first and second anti-cancer drug
candidates comprise at least one generic drug candidate and one proprietary drug

candidate.

The mcthod of claim 2, further comprising the step of:
P} deterroining the monetary consequences resultant from choosing either the
generic or proprictary drug candidate, wherein the drug candidate with the

highest relative kinetic umis value 1s selected.

The method of claim 3, wherein the monctary consequences are deternuned based upon
treating a single patient with the selected drug with the higher kinetic units value versus
the cost that would have occurred based upon the drug candidate with the lower kinetic

units value.

The rocthod of claim 3, further comprising the step of:
q) extrapolating the monetary consequences determined from step q) to a target

population,

The roethod of claim 3, wherein the target population s a nationwide population from

the United States.

The method of claim 3, wherein the monetary consequences of step p} are determined by

a method comprising:

1) obtaining Medicare cost payment schedules for the selected anti~cancer drug with
the higher kinctic units valuc and also for the drug with the lower kinetic units
value;

ii} determining the relative monctary cost savings or relative monetary expenditure
that would accrue to a single patient based upon treating said patient with the
drug candidate with the higher relative kinetic units value versus treating said
patient with the drug candidate with the lower kinetic units value, wherein said
treatment comprises at least one cycle of treatment with the selected anti-cancer

drug candidate; and
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1it} extrapolating the cost savings or relative monetary cxpenditure from step i1) out

to a target population of interest,

The method of claim 1, wherein the tumor specimen 18 a solid turor specimen, or a

blood specimen, or a bone marrow specimen, or an effusion derived specimen.

The method of claim 1, wherein at least one of the {first or second anti-cancer drug
candidates 1s 4 combination comprising said anti-cancer drug candidate and at least one

additional anti-cancer drug candidate.

The method of claim 1, wherein each well of the plate compnises a different anti-cancer

drug candidate.

The method of claim 1, wherein cach well of the plate comprises a different

concentration of the anti-cancer drug candidate.

The method of claim 1, wherein the anti-cancer drug candidate concentration 1s from

0.01 to 10,0600puM.

The method of claim 1, wherein the optical density is serially rocasured and recorded

approximately every 5 minutes for a period of approximately 48 hours.

The method of claim 1, wherein the optical density is measured by a spectrophotometer

at a wavelength of from 5350 to 650 nanormeters,

The mcthod of claim 1, wherein the at least one anti-cancer drug candidates are selected
from the group consisting oft Abraxane, Alimta, Amsacrine, Asparaginase,
Bendamustine, Bleomycin, Bosutinib, Caelyx (Doxil}, Carboplatin, Carmustine, CCNU,
Chlorambucil, Cisplatin, Cladribine, Clotarabine, Cytarabine, Cytoxan (4HC),
Dacarbazine, Dactinomycin, Dasatinib, Daunorubicin, Decitabine, Dexamethasone,
Bocetaxel, Doxorubicin, Epirubicin, Eribulin, Erlotinib, Estramustine, Etoposide,
Everolimus, Fludarabine, 5-Fluorouracil, Gemcitabine, Gleevec (imatinib),
Hydroxyurea, Idarubicin, Hosfamide (4H1), Interferon-2a, Irinotecan, Ixabepilone,
Melphalan, Mercaptopurine, Methotrexate, Mitomycin, Mitoxantrone, Nilotinib,

Nitrogen Mustard, Oxaliplatin, Paclitaxel, Pentostatin, Procarbazine, Regorafenib,
6
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Sorafenib, Streptozocin, Sunitinth, Temozolomide, Temsirolinms, Teniposide,
Thahdomide, Thioguanine, Topotecan, Velcade, Vidaza, Vinblastine, Vincristine,
Vinorelbine, Vorinostat, Everolimus, Lapatinib, Lenalidomide, Rapamycin, and Votrient

{Pazopanib).

The method of claim 2, wherein the at least one anti-cancer generic drug candidates are
selected from the group cousisting of: cyclophosphamide, doxorubicin, epirabicin,
paclhitaxel, docetaxel, cisplatin, carboplatin, rinotecan, topotecan, vinorelbine, and

vinblastine.
The method of claim 2, wherein the at least one anti-~cancer proprietary drug candidates
are selected from the group consisting oft nab-paclitaxel, gemeitabine, oxaliplatin,

capcitabine, ixabepilone, erubilin, liposomal doxorubicin, and pemetrexed.

A method of tumor cell isolation and purification, comprising:

aj obtaining a tumor specimen;

b) mincing, digesting, and filtering the specimeny

) optionally removing non-viable cells by deusity gradient centrifugation;

d) incubating the cell suspension to remove macrophages by adherence;

e} performing positive, negative, and/or depletion 1solation to wsolate the cells of
interest;

£) removing any remaining macrophages, if necessary, using CI 4 antibody

conjugated magnetic beads;
2} plating the final suspension; and

h) incubating the plate.

A method of evaluating the ability of an anti-cancer drug candidate to induce apoptosis

in a cancer cell line derived from a tumor specimen, comprising:

a) obtaining a tumor specimen;

b) mincing, digesting, and filtering the specimen;

) optionally removing non-viable cells by deusity gradient centrifugation;

d) incubating the cell suspension to remove macrophages by adherence;

€} performing positive, negative, and/or depletion 1solation to isolate the cells of
interest;

A
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b

removing any remaining macrophages, if necessary, using CD14 antibody
conjugated magnetic beads;

plating the final suspension;

incubating the plate;

exposing at least one well of a plated final suspension to at feast one anti-cancer
drug candidate or mixtures of the candidate and other substances;

measuring the optical density of the wells exposed to the at least one anti-cancer
drug candidate, or wells containing mixtures of at least one anti-cancer drug
candidate and other sabstances, wherein said measuring of the optical density
occurs in a serial manner at selected time intervals for a selected duration of time;
determining a kinetic units value {or the at least one anti-cancer drug candidate
from the optical density and time measurements; and

correlating the kinetic units value for cach drug candidate with:

a) an ability of the anti-cancer drug candidate to induce apoptosis in the

cancer cells i the kinetic units value 18 greater than a predetermined

threshold:
b} an inability of the anti-cancer drug candidate to induce apoptosis in the

cancer cells if the kinetic units value 1s less than a predetermined

threshold.

The method of claim 19, wherein cach well of the plate comprises a different anti-cancer

drug candidate,

The method of claim 19, wherein cach well of the plate comprises a different

concentration of the anti-cancer drug candidate.

The method of claim 19, wherein the anti~cancer drug candidate concentration is from

(.01 to 10,000pM.

The method of claim 19, wherein the optical density is serially measured and recorded

approximately every 5 minutes for a period of approximately 48 hours.

The method of claim 19, whercin the optical density is measured by g spectrophotometer
8 ] Y !

at a wavelength of from 350 to 650 nanometers.
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25.  The method of claim 19, wherein the tumor specimen 18 a solid tumor specimen, or a

blood specimen, or a bone marrow specimen, or an effusion derived specimen.

26, The method of claim 19, wherein the anti-cancer drug candidates are selected from the
5 group consisting oft Abraxane, Alimta, Amsacrine, Asparaginase, Bendamustine,
Bleomycin, Bosutinib, Caelyx (Doxil), Carboplatin, Carmustine, CCNU, Chlorambucil,
Cisplatin, Cladribine, Clofarabine, Cytarabine, Cytoxan (4HC), Dacarbazine,
Dactinomycin, Dasatinub, Daunorubicin, Decttabine, Dexamethasone, Docetaxel,
Doxorubicin, Epirubicin, Eribulin, Hrlotinib, Estramustine, Etloposide, Everolimus,

10 Fludarabine, 5-Fluorouractl, Gemcitabine, Gleevec (imatinib), Hydroxyurea, Idarubicin,
Hosfamide (4HI), Interferon-2a, frinotecan, Ixabepilone, Melphalan, Mercaptopurine,
Methotrexate, Mitomycin, Mitoxantrone, Nilotinib, Nitrogen Mustard, Oxaliplatin,
Paclitaxel, Pentostatin, Procarbazine, Regorafenib, Sorafentb, Streptozocin, Sunitinib,
Temozolomide, Temsirolimus, Teniposide, Thalidomide, Thioguanine, Topotecan,

15 Velcade, Vidaza, Vinblastine, Vincristine, Vinorelbine, Vorinostat, Everolimus,

Lapatinib, Lenalidomide, Rapamycin, and Votrient (Pazopanib).
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