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(57) Abstract: A method and system for predicting in advance of treatment
whether a cancer patient is likely, or not likely, to obtain benefit from admin-
istration of a yeast-based immune response generating therapy, which may be
yeast-based immunotherapy for mutated Ras-based cancer, alone or in com-
bination with another anti-cancer therapy. The method uses mass spectro-
metry of a blood-derived patient sample and a computer configured as a clas-
sifier using a naming set of class-labeled spectra from other cancer patients
that either benefitted or did not benefit from an immune response generating
therapy alone or in combination with another anti-cancer therapy. Also dis -
closed are methods of treatment of a cancer patient, comprising administer -
ing a yeast-based immune response generating therapy, which may be yeast-
based immunotherapy for mutated Ras-based cancer, to a patient selected by
a test in accordance with predictive mass spectral methods disclosed herein,
in which the class label for the spectra indicates the patient is likely to bene-
fit from the yeast-based immunotherapy.
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Mass-Spectral Method for Selection, and De-Selection, of Cancer Patients for

Treatment With Inunune Response Generating Therapies

Cross-Reference to Related Applications
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Patent Application No. 61/664,308, filed Juie 26. 2012, and to U.S. Provisional Patent Application
No. 61/664.329, filed June 26, 2012. The entire disclosure of each of U.S. Provisional Patent
Application No. 61/664.308 and U.S. Provisional Patent Application No. 61/664.329 is incorporared

herein by reference,

10
Statement Regarding Joint Research Agreement
This invention was made by or on behalf of parties to a joint research agreement,
executed February 22. 2012. The parties to the joint research agreement are; Biodesix, Inc.
and Globehnmune, Inc.
15

Reference To A Sequence Listing

This application contains a Sequence Listing submitted electronically as a text file by
EFS-Web. The text file, named "12-621-PRO_ST25", has a size in bytes of 19 KB, and was
recorded on March 15, 2013. The information contained in the text file is incorporated herein

20 by reference in its entirety pursuant to 37 CFR § 1.52(e)(5).

Field of the Invention

This invention relates generally to the field of methods for guiding the treatment of

cancer patients. More particularly, in one aspect. this invention relates to a method of

25  predicting. in advance of initiating treatment, whether a patient is a member of a class of
patients that are likely to benefit from administration of immune response generating
therapies (e.g., as cellular immunotherapy agents). either alone or in addition to standard
anticancer drugs and/or other therapeutic regiments for the weatment of cancer. Methods of

identifying patients which are not likely to benefit from immune response generating
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therapies, and/or the addition of immune response generating therapies to standard
chemotherapy agents, are also disclosed. The methods of this disclosure use mass spectral
data obtained from a blood-derived sample of the patient, a computer configured as a
classifier operating on the mass spéctral data. and a training set comprising class-labeled

spectra from other cancer patients.

Backeround of the Invention

Cancer is a broad group of various diseases, all involving unregulated cell growth. In
cancer, cells divide and grow uncontrollably, forming malignant tumors, and invade nearby
parts of the body. The cancer may also spread to more distant parts of the body through the
lymphatic system or bloodstream. According to the National Cancer Institute (NCI), which
tracks such statistics. the number of estimated new cases of cancer in the United States in
2012 is 1.638.910 (not including non-melanoma skin cancers). and the number of deaths per
year from cancer in the TUnited States is estimated to be 577.190
(http://cancer.gov/cancertopics/cancerlibrary/what-is-cancer). Management and treatment
options for cancer exist. The primary ones include surgery (e.g., surgical resection of a
tumor). chemotherapy, radiation therapy. targeted cancer therapies (e.g., small molecule
drugs or monoclonal antibody therapies that specifically target molecules involved in tumor
growth and progression), and palliative care. or some combination thereof (collectively

referred to herein as “anti-cancer therapies™).

Additional therapies for cancer include therapeutic strategies for inducing, enhancing
or suppressing an imumune response, collectively called “imnwme therapies” or
“immunotherapies” (which may also be generally referred to herein as “inunune response
generating therapies”). Recently, immune therapies have become more relevant in the
treatient of advanced or metastatic solid tumors. Immunotherapy for use in cancer is
generally designed to augment or stimulate the patient’s own immune response to better
control or eliminate cancerous cells, and may additionally suppoit other treatinents siich as
chemotherapy, swrgery, radiation therapy and the use of targeted cancer therapies. Some
examples of such immnunotherapies for use in oncology include: (1) PROVENGE®
(Dendreon). in which dendritic cells are stimulated to activate a cytotoxic response towards
an antigen for use in advanced castrate resistant prostate cancer: (2) adoptive transfer of T

cells to activate cytotoxic response to cancer: (3) genetically engineering T cells by
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introducing a virus that introduces a T cell receptor that is designed to recognize tumor
antigens; (4) Algenpantucel-L, a cancer vaccine comprised of iivadiated allogeneic pancreatic
cancer cells transfected to express murine alpha-13-galactosyltvansferase with potential

antinunor activity. (5) viral vector-based immunotherapy; and (6) yeast-based

unmunotherapy.

Yeast-based immunotherapy is also referred to as TARMOGEN®(GlobeImmune. Inc..
Louisville, Colorado) technology. and generally refers to a yeast vehicle expressing one or
wore heterologous target antigens extracellularly (on its surface), intracellularly (internally or
cytosolically) or both exwacellularly and intracellularly. Yeast-based immunotherapy
technology has been generally described (see, e.g, U.S. Patent No. 5.830,463). Certain
yeast-based immunotherapy compositions. and methods of making and generally using the
same, are also described in detail, for example, in U.S. Patent No. 5,830,463, U.S. Patent No.
7,083,787, U.S. Patent No. 7,736,642, Stubbs et al., Nar. Med. 7:625-629 (2001), Lu et al.,
Cancer Research 64:5084-5088 (2004). and in Bernstein et al, Vaccine 2008 Jan
24:26(4):509-21, each of which is incorporated herein by reference in its entirety. Yeast-
based immunotherapy for cancer is described, for example, in U.S. Patent No. 7,465,454,
U.S. Patent No. 7,563,447, U.S. Patent No. 8,067,559, U.S. Patent No. 8,153,136, U.S. Patent
Publication No. 2009-0098154, and PCT Publication No. WO 07/133835, each of which is

incorporated herein by reference in its entirety.

Yeast-based immunotherapy has a unique ability, as compared to other
immunotherapies, to induce innate immune responses as well as a wide range of adaptive
immune responses against the target antigen, including CD4-dependent TH17 and TH1 T cell
responses and antigen-specific CD8" T cell responses. which include cytotoxic T lymphocyte
(CTL) responses. all without the use of exogenous adjuvants, cytokines, or other
immunostimulatory molecules, many of which have toxicity issues. In addition, yeast-based
immunotherapy compositions inhibit regulatory T cell (Treg) numbers and/or functionality,
thereby enhancing effector T cell responses that might normally be suppressed by the
presence of the tumor, for example. Moreover, as compared to inwnunotherapeutic
compositions that immunize by generating antibody responses. the antigen-specific, broad-
based, and potent cellular immune responses elicited by yeast-based immunotherapy are
believed to be particularly effective in targeting ramor cells, even in the face of what may
otherwise be a suppressive environment. Since this type of imumunotherapy utilizes the

natural ability of the antigen presenting cell to present relevant immunogens, ir is not
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necessary to know the precise identity of CTL epitopes or Class II MHC epitopes of a target
antigen to produce an effective yeast-based immunotherapeutic, nor is it necessary to isolate
any immune cells from the patient to produce the immunotherapeutic. In fact. multiple CD4”
and CD8" T cell epitopes can be targeted in a single yeast-based immunotherapeutic
composition, and so the use of algorithms and complex formulas to identify putative T cell

epitopes ot T celi receptors is eliminated.

One series of yeast-based immumotherapy products, including the TARMOGEN®
product candidates known as “GI-4000” currently in clinical development by GlobeImmune,
Inc., has been developed to stinulate immune responses against a murated Ras protein
expressed by a patient’s tumor. “Ras” is the name given to a family of related proteins found
inside cells. including human cells. All Ras protein family members belong to a class of
protein called small GTPase, and are involved in transmitting signals within cells (cellular
signal wansduction). Ras mutations are found in approximately 180,000 new cancer cases
each year in the United States across a spectrumi of tumior types, including pancreas. non-
small cell lung cancer (NSCLC), colorectal, endometrial and ovarian cancers, as well as
melanoma and multiple myeloma. Studies have shown that tumors with Ras mutations are
generally less responsive than tumors with normal Ras to conventional chemotherapy as well
as targeted agents. For some cancers. such as NSCLC or colorectal cancer, therapies that
target epidermal growth factor receptor, or EGFR, have improved clinical outcomes.
However, the presence of a Ras mutation in the tumor has been associated with poor
prognosis despite use of EGFR targeted therapies in colorectal cancer. Similarly, other
studies have shown that patients with Ras-mutated colorectal tumors do not benefit from
cetuximab therapy, another EGFR targeted agent. compared to patients with normal Ras, who
have improved survival rates when treated with the same therapy. As a result, patients with
Ras mutations have fewer available effective treatment options. The targeted reduction of
cells containing Ras mutations could result in improved clinical outcomes for patients with a
number of human cancers due to the role mutated Ras plays in tumor growth. However, there

are presently no available therapies targeting mutated Ras in late-stage clinical trials.

Progress in the field of immunotherapy has been slow, but recent clinical successes
have given strong support to the potential of this approach as a treatment modality in cancer.
However, there is a need in the art to define biomarkers which identify patients who will
obtain clinical benefit from immune-based treatmient in cancer and identify clinical

responders and non-responders, in advance of teatment. Examples of inununotherapy
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markers include CD34 expression and interleukin 12p70 production, but they have not been
fully validated.  Also used are several cellular imunune marker assays (cytokine flow
cytometry, MHC tetramers, and enzyme-linked immunosorbent spot (ELISPOT)). It is
important fo note that assays predicting benefit from immunotherapies need to be
standardized to produce reproducible and comparable results. This has not been done in this

area.

There is a need in the art for practical, useful tests for determining, in advance of
weatment, whether a given cancer patient is likely to benefit from administration of immune
response generating therapies, either alone or in combination with other anti-cancer drug
therapies, or, conversely whether such treatment is not likely to benefit a given cancer

patient. This invention meets this need.

Further prior art of interest relating to ability to predict cancer patient benefit from
certain types of drugs includes U.S. Patent Nos. 7,736,905, 7,858,390; 7.858,389, 7,867,775,
8.024,282: 7.906,342 and 7,879,620, and pending U.S. Patent Application Serial No.
13/356,730 filed January 24, 2012, and U.S. Patent Application Serial No. 12/932,295 filed
February 22, 2011, published as US 2011/0208433. all of which are assigned to Biodesix,
Inc. The ‘905 patent and U.S. Patent Application Serial No. 12/932,295 filed February 22.
2011 are incorporated by reference herein. The ‘905 patent describes, among other things, a
mass spectrometry based test for determining whether NSCLC cancer patients are likely to
benefit from epidermal growth factor receptor (EGFR) targeting drugs. This test is known in
its comunercial version as “VeriStrat”; references to “VeriStrat” in the following discussion

will be understood to be in reference 1o the test described in the ‘903 patent,

Sumimary of the Invention

This invention relates generally to the field of methods for guiding the treatment of
cancer patients. In one aspect, such treatinent of cancer patients is immunotherapy for
cancer. and in one aspect, the treatment is yeast-based immunotherapy for cancer, and in yet
another aspect, the treatment is yeast-based immunotherapy for mutated Ras-positive cancers
(i.e., cancers where at least some tumors are positive for a mutated Ras protein, typically
detected by detecting murations in the ras nucleotide sequence). In one aspect, the treatment

is yeast-based immunotherapy for mutated Ras-positive pancreas cancer.
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More particularly, in one aspect. this invention relates to a method of predicting. in
advance of initiating treatment, whether a cancer patient is a member of a class of patients
that are likely to benefit from administration of yeast-based immune response generating
therapies (e.g., as cellular immunotherapy agents). either alone or in addition to reatment
with standard anti-cancer drugs and/or other therapeutic regiments for the treatment of
cancer. Methods of identifying patients which are not likely to respond to yeast-based
unmunotherapies. and/or the addition of immunotherapies to standard chemotherapy agents
are also disclosed.  Methods of identifying patients whicl are less likely, or not likely, to
respond to yeast-based immunotherapy, and/or the addition of yeast-based inmmunotherapy to
standard chemotherapy agents and/or other treatments for cancer (e.g., surgical resection) are

also disclosed.

In yet another aspect. this invention relates to a method of predicting. in advance of
initiating treatment, whether a patient is a member of a class of patients that are likely fo
benetit from administration of yeast-based imununotherapy for mutated Ras-positive cancer,
either alone or in addition to standard anti-cancer diugs and/or other therapeutic regiments for
the treatment of cancer. Methods of identifying patients which are less likely, or not likely,
to respond to yeast-based inununotherapy for mutated Ras-positive cancer, and/or the
addition of veast-based immunotherapy for mutated Ras-positive cancer to standard
chemotherapy agents and/or other freatments for cancer (e.g., surgical resection) are also
disclosed. In one aspect. the mutated Ras-positive cancer is pancreas cancer. As one
example, this document describes a method for predicting whether pancreas cancer patients
are likely to benefit from administration of yeast-based immmumotherapy targeting mutated
Ras (e.g., the series of products known as GI-4000, described in more detail herein) in

combination with administration of gemcitabine.

The methods of this disclosure use mass spectral data obtained from a blood-derived
sample of the patient, a computer configured as a classifier operating on the mass spectral

data, and a training set comprising class-labeled spectra from other cancer patients.

The applicants have discovered a method of predicting. in advance of treatment,
whether a cancer patient is likely or not likely to benefit from administration of a yeast-based
immuue response generating therapy. either alone or in combination with another anti-cancer
therapy. The method is based on mass spectrometry of a blood-derived sample. The use of

blood-derived samples (e.g., serum, plasma) is significant, as it increases the likelihood of
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measwring global susceptibilify to immunotherapies by giving insight into circulating markers
of the immune system. Furthenmore, the methods can be conducted quickly via a stmple
mass spectrometry test from a blood-derived sample, without the need for performing
complex, titme consuming assays of a patient sample or obtaining a tumor sample from the
patient. Notably. the applicants have demonstrated the validity of its test from samples
obtained pre-treatment. Accordingly, practical implementations of the test use pre-treatment
samples from the patient and predict whether the patient is likely, or not likely. to benefit

from a yeast-based inumune response generating therapy.

The methods of this disclosure rake the form of practical, usetul tests which can be
perforined with the aid of a mass spectrometer (e.g.. MALDI TOF instrument) and a general

purpose computer configured to function as a classifier.

In one aspect, a method of predicting whethier a cancer patient is likely to benefit from
administration of a yeast-based immune response generating therapy. either alone or in

addition to other anti-cancer therapies, is described comprising the steps of:
(a) obtaining a blood-derived sample of the patient;

(b) conducting mass-spectrometry on the sample and obtaining a mass spectrum from

the sample;

(c) i a programmed computer, performing one or more predefined pre-processing
steps on the mass spectrum, obtaining integrated intensity values of selected features in the
mass spectiumn over predefined m/z ranges after the pre-processing steps are performed. and
comparing the integrared intensity values with a waining set comprising class-labeled spectra
from other cancer patients and thereby classifying the mass spectrum with a class label. The
class label predicts whether the patient is likely, or not likely. to benefit from the immmune
response generating therapy either alone or in addition to other anti-cancer therapies. For
example, the class label may take the form of “Slow” or “Quick™, with “Slow™ indicating that
the patient is likely to benefit and the fime to recurrence or disease progress of the cancer is
relatively slow, whereas “Quick™ may indicate that the patient is not likely to benefit and the
time to recurrence or disease progressing is relatively brief. Of course, other equivalent class

labels could be used, such as “benefit”, “non-benefit”, “good”, “poor” or the like.
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In one aspect, a method of predicting whether a cancer patient is likely to benefit from
administration of yeast-based immunotherapy for mutated Ras-positive cancer, either alone

or in addition to other anti-cancer therapies, is described comprising the steps of:

(a) obtaining a blood-derived sample of the patient to be treated with yeast-based
immunotherapy for mutated Ras-positive cancer. alone or in combination with other anti-

cancer therapies:

(b) conducting mass-spectrometry on the sample and obtaining a mass spectrium from

the sample:

(c) in a programmed computer, performing one or more predefined pre-processing
steps on the mass spectrum, obtaining integrated intensity values of selected feanures in the
mass spectrum over predefined nyz ranges after the pre-processing steps are performed, and
cowmparing the infegrated intensity values with a training set comprising class-labeled spectra
from other cancer patients prior to their freatment with yeast-based imununotherapy for
mutated Ras-positive cancer and thereby classifying the mass specttum with a class label.
The class label predicts whether the patient is likely. or not likely. to benefit from the yeast-
based immunotherapy for mutated Ras-positive cancer either alone or in addition to other
anti-cancer therapies. For.example, the class label may take the form of “Slow” or “Quick”,
with “Slow” indicating that the patient is likely to benefit and the time to recwrence or
disease progress of the cancer is relatively slow, whereas “Quick™ may indicate that the
patient is not likely to benefit and the time to recurrence or disease progressing is relatively

brief. As above, otler equivalent class labels could be used. such as “benefit”, “non-benefit”,

LR

“good”, “poor” or the like. In one specific embodiment of the invention, the cancer patient
for which the test is performed is a pancreas cancer patient. In this embodiment, the yeast-
based inununotherapy for mutated Ras-positive cancer may take the form of GI-4000
(described in detail below) or the equivalent. In one aspect, the yeast-based immunotherapy
for mutated Ras-positive cancer is administered to the patient in conjunction with
gemcitabine or the equivalent. In one aspect of this embodiment of the invention, the
mutated Ras-positive cancer can include, but is not limited to, pancreas cancer, non-small cell
lung cancer (NSCLC), colorectal cancer (CRC), endometrial cancers. ovarian cancers,

melanoma and multiple myeloma.

In one aspect, any of the above-described methods of predicting described above or

elsewhere herein are considered applicable to other cancer patients. including for example,
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but not limited to, non-simall cell lung cancer (NSCLC) patients and colorectal cancer (CRC)
patients, either alone or as an adjuvant to other standard anti-cancer agents, as the mass
spectral features which are usetul for classification in this disclosure are bLelieved to be
associated with, among other things, regulation of cellular inflammation response. and
predictive across a broad range of tumor types as explained in U.S. Patent Application Serial

No. 12/932,295 filed February 22, 2011 and the previously cited patents of Biodesix, Inc.

The waining set used in any of the methods described above or elsewhere herein is
preferably in the form of class-labeled spectmra from other cancer patients who obtained
benefit and who did not obtain benefit from administration of the immune response
generating therapy either alone or in combination with another anti-cancer therapy. The
featwres (m/z ranges) in the patient’s spectrum that are used in classification can be
investigated and selected from analysis of the mass spectra of the patients forming the
training set. We speculated that one or more of the features used m U.S. Patent No.
7,736,905 and listed in Tables 3 and 4 herein, which were developed in an entirely different
context of predicting NSCLC patient benefit from Epidermal Growth Factor Receptor
Inhibitors (EGFR-Is) are a suitable set of fearures for use in the instant methods because they
could relate to the hosts imnmmnological and inflammatory response to a rumor (see US patent
application publication 2011/0208433). (The precise feature values used for classification
may vary from the list set forth in ‘905 patent and in Tables 1-4 below, e.g.. depending on the
spectra alignment (shift) that is performed during pre-processing of the spectra because the
sample type is substantially ditferent) Unlike the waining set used in the 905 patent
(spectra from NSCLC patients that either did or did not respond to EGFR targeting drugs),
the training set used in the present methods uses spectra from samples of patients who
obtained benefit and who did not obrain benefit from administration of the immune response
generating therapy either alone or in combination with another anti-cancer therapy. Note,
that the sample type in the current application is different from serum and plasma which was
described in the ‘905 patent. However, as explained below. there are other features in the
spectra that could be used for classification from an investigation of the spectra forming the

training set examples of which are given herein.

In another aspect of this disclosure, a method of treating a cancer patient is described
comprising the steps of: conducting a test in accordance with any of the methods of
predicting described above or elsewhere herein. and if the class label for the spectra indicates

the patient is likely to benefit from the yeast-based immune response generating therapy,

9
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administering a yeast-based immune response generating therapy either alone or in

combination with another anti-cancer agent to the patient.

In one aspect. the patient is additionally treated with one or more additional anti-
cancer therapies. either prior to. concwrently with, or after, treatment with the yeast-based
immunotherapy for cancer. In one embodiment, the additional anti-cancer therapies include.
but are not limited to, surgery (e.g., surgical resection of a tumor), chemotherapy, radiation
therapy. targeted cancer therapies (e.g., small molecule drugs or monoclonal antibody
therapies that specifically target molecules involved in tumor growth and progression). and

palliative care, or any combination thereof.

In another aspect of this disclosure. a method of treating a cancer patient with yeast-
based immunotherapy for cancer is described. comprising the step of: administering yeast-
based inumunotherapy for cancer to a cancer patient selected by a test in accordance with any
of the methods of predicting described above or elsewlere herein in which the class label for
the spectra indicates the patient is likely to benefit from the yeast-based immunotherapy for
cancer. In one aspect, the patient is additionally treated with one or more additional anti-
cancer therapies, either prior to, concurrently with, or after, treatment with the yeast-based
immunotherapy for cancer. In one embodiment, the additional anti-cancer therapies include.
but are not limited to, surgery (e.g., surgical resection of a tunor), chemotherapy. radiation
therapy. targeted cancer therapies (e.g, small molecule drugs or monoclonal antibody
therapies that specifically target molecules involved in tumor growth and progression), and

palliative care, or any combination thereof.

In yet another aspect of this disclosure, a method of freating a cancer patient with
yeast-based immunotherapy for mutated Ras-positive cancer is described. comprising the
steps oft conducting a test in accordance with any of the methods of predicting described
above or elsewhere herein, and if the class label for the specira indicates the patient is likely
to benefit from yeast-based immunotherapy for mutated Ras-positive cancer. administering
the yeast-based imununotherapy for mmtated Ras-positive cancer. In this aspect of the
invention, the patient has a cancer in which mutated Ras has been identified in at least some
of the mimor cells from the patient. In one aspect, the patient is additionally treated with one
or more additional anti-cancer therapies, either prior to, concwrently with, or after, treatment
with the yeast-based immunotherapy for mutated Ras-positive cancer. In one embodiment.

the yeast-based immunotherapy for mutated Ras-positive cancer is a product in the series of
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yeast-based inununotherapy products known as GI-4000, or the equivalent. In one aspect of
this embodiment of the invention. the mutated Ras-positive cancer can include, but is not
limited to, pancreas cancer. non-small cell lung cancer (INSCLC), colorectal cancer (CRC).
endometrial cancers, ovarian cancers, melanoma and multiple myeloma. In one aspect. the
cancer is pancreas cancer. In one embediment, the additional anti-cancer therapies include,
but are not limited to. surgery (e.g., surgical resection of a fumor). chemotherapy, radiation
therapy. targeted cancer therapies (e.g, small molecule diugs or monoclonal antibody
therapies that specifically target molecules involved in tumor growth and progression), and
palliative care. or any combination thereof. In one aspect. the yeast-based umuunotherapy
for mutated Ras-positive cancer is administered to the patient in conjunction with
gemcitabine or the equivalent. In one embodiment. the patient is a pancreas cancer patient
and the therapy comprises a product in the series of yeast-based immunotherapy products
known as GI-4000 or the equivalent (described in detail below), either alone or in
combination with gemcitabine or the equivalent. In one aspect, the cancer patient’s tumor
has been surgically resected prior to treatment with the yeast-based imumunotherapy

compositiot.

In another aspect of this disclosure. a method of treating a cancer patient with yeast-
based inununotherapy for cancer is described, comprising the step of: administering yeast-
based immunotherapy for mutated Ras-positive cancer to a cancer patient selected by a test in
accordance with any of the methods of predicting described above or elsewhere lerein in
which the class label for the spectra indicates the patient is likely to benefit from the yeast-
based immunotherapy for mutated Ras-positive cancer. In this aspect of the invention, the
parient has a cancer in which mutated Ras has been identified in tumor cells from the patient.
In one aspect, the patient is additionally treated with one or more additional anti-cancer
therapies. either prior to, concurrently with, or after. treatment with the yeast-based
immunotherapy for mutated Ras-positive cancer. In one embodiment. the yeast-based
inmmunotherapy for mutated Ras-positive cancer is a product in the series of yeast-based
immunotherapy products known as GI-4000, or the equivalent. In one aspect of this
embodiment of the invention. the mutated Ras-positive cancer can include, but is not limited
to, pancreas cancer, nomn-small cell lung cancer (NSCLC), colorectal cancer (CRC).
endometrial cancers, ovarian cancers, melanoma and multiple myeloma. In one aspect. the
cancer is pancreas cancer. In one embodiment, the additional anti-cancer therapies include,

but are not limited to. surgery (e.g., surgical resection of a tumor). chewmotherapy, radiation

e
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therapy, targeted cancer therapies (e.g., small molecule diugs or monoclonal antibody
therapies that specifically target molecules involved in tumor growth and progression). and
palliative care, or any combination thereof. In one aspect, the yeast-based immunotherapy
for mutated Ras-positive cancer is administered to the patient in conjuncton with
gemcitabine or the equivalent. In one embodiment, the patient is a pancreas cancer patient
and the therapy comprises a product in the series of yeast-based immunotherapy products
known as GI-4000 or the equivalent. either alone or in combination with gemcitabine or the
equivalent. In one aspect, the cancer patient’s fnor has been swgically resected prior to

treatment with the yeast-based immunotherapy composition.

In any of the aspects of a method to treat a patient with cancer using a yeast-based
imnnwotherapy, the yeast-based immunotherapy can include, but is not limited to, a whole.
heat-inactivated recombinant yeast that has expressed at least one cancer antigen associated
with or expressed by the patient’s tumor. In one aspect. the yeast can be from a genus of
yeast including. but not limited to, Saccharomyces. In one aspect, the yeast can be from a

species of yeast including. but not limited to, Saccharomyces cerevisiae.

In another aspect, a system is disclosed for predicting whether a cancer patient is
likely to benefit from administration of a yeast-based immune response generating therapy
either alone or in combination with another anti-cancer agent. The system includes a mass
spectrometer generating a mass spectium from a blood-derived sample from the cancer
patient. The system also includes a machine-readable memory storing a training set of class-
labeled spectra from other cancer patients. The training set includes class-labeled spectra
from plurality of patients that did not benefit from yeast-based inunune response generating
therapy either alone or in combination with another anti-cancer agent and class-labeled
spectra from plurality of patients that did benefit from the cellular immunotherapy either
alone or in combination with the another anti-cancer agent. The system further includes a
computer system configured to operate on the mass spectrum and classify the mass spectrum
using the training set. producing a class label for the mass spectrum, wherein the class label is
used to predict whether the patient is likely to benefit from administration of the yeast-based
imnnuie response generating therapy either alone or in combination with another anti-cancer

agent.

In another aspect. a system is disclosed for predicting whether a cancer patient is

likely to benefit from adminisiration of yeast-based immunotherapy for cancer, either alone
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or in conjunction with treatinent with another anti-cancer therapy. The systeml includes a
mass spectrometer generating a mass spectrum from a blood-derived sample from the cancer
patient. The system also includes a machine-readable memory storing a training set of class-
labeled spectra from other cancer patients. The training set includes class-labeled spectra
from plurality of patients that did not benefit from the yeast-based immunotherapy for cancer
either alone or in conjunction with treatment with another anti-cancer therapy and class-
labeled spectra from plurality of patients that did bLenefit from the yeast-based
immunotherapy for cancer either alone or in conjunction with treatment with the another anti-
cancer therapy. The system fiuther includes a computer system configured to operate on the
mass spectium and classify the mass spectrum using the training set, producing a class label
for the mass spectrum, wherein the class label is used to predict whether the patient is likely
to benefit from administration of the yeast-based immunotherapy for cancer either alone or in

conjunction with weatment with another anti-cancer therapy.

In another aspect, a system is disclosed for predicting whether a cancer patient is
likely to benefit from administration of yeast-based immunotherapy for mutated Ras-positive
cancer, either alone or in conjunction with treatment with another anti-cancer therapy. The
system includes a mass spectrometer generating a mass specttum from a blood-derived
sample from the cancer patient. The system also includes a machine-readable memory storing
a training set of class-labeled spectra from other cancer patients. The training set includes
class-labeled spectra from plwality of patients that did not benefit from the yeast-based
immunotherapy for mutated Ras-positive cancer either alone or in conjunction with treatment
with another anti-cancer therapy and class-labeled spectra from plurality of patients that did
benefit from the yeast-based immunotherapy for mutated Ras-positive cancer either alone or
in conjunction with treatment with the another anti-cancer therapy. The system further
includes a computer systemi configured to operate on the mass spectiun and classify the mass
spectrum using the training set, producing a class label for the mass spectum, wherein the
class label is used to predict whether the patient is likely to benefit from administration of the
yeast-based immunotherapy for mutated Ras-positive cancer either alone or in conjunction
with teatment with another anti-cancer therapy. In one aspect, the yeast-based
immunotherapy for mutared Ras-positive cancer is a product within the series of products
known as GI-4000. In one aspect, the mitated Ras-positive cancer is selected from pancreas

cancer, non-siall cell lung cancer (NSCLC), colorectal cancer (CRC). endometrial cancers,
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ovarian cancers, melanoma and multiple myeloma. In one aspect, the cancer is pancreas

cancer.

Brief Description of the Drawines

The following detailed description will make reference to the appended drawings,

which are offered by way of example and not limitation. and in which:

Figure 1 is a schematic drawing showing the design of a Phase 2 clinical trial in
pancreas cancer using Globelmmune's yeast-based immunotherapy product series targeting

mutated Ras-positive cancers. known as GI-4000.

Figwre 2A and 2B are Kaplan-Meier plots or recurrence free survival (RFS) and
overall swvival (OS) illustrating ability of a mass spectrometry method of this disclosure to
identify patients which are likely to benefit from the combination of GI-4000 and

gemcitabine in the treatment of pancreatic cancer.

Figures 3A-3F are pairs of Kaplan-Meier plots of RFS and OS for patients in both the
treatment and conwol arms in the study of GI-4000 and gemcitabine in the treatment of
pancreatic cancer for different values of K used in a K-nearest neighbor classification
algorithm. In Figures 3A-3B. the value of K was 1, in Figures 3C and 3D the value of K was
3 and in 3E and 3F the value of K was 5. The plots show the ability of the applicant’s
classifier to separate, in the treatment arm (patients treated with both gemcitabine and GI-
4000), patients which benefited from those that did not, and moreover that some patients in
the treatment army did worse than some patients in the control arm. Therefore. the plots
demonstrate the ability of the applicant’s mass spectral method to both predict those patients
that are likely to benefit from the treatment with immune response generating therapies as
well as those patients that are not likely to benefit from the treatment with immune response

generating therapies.

Figwes 4A-4H are sets of XKaplan-Meier plots of RFS and OS in the GI-4000 and
gemcitabine study as defined by a classifier based on spectra obtained using 150,000 shots
with the “DeepMALDI” method of mass spectrometry of blood-derived samples, using the
techniques described herein and in US provisional patent application 61/652.394 filed May
29, 2012, the content of which is incorporated by reference herein. Figures 4A-4B. 4C-4D.,
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4E-4F, and 4G-4H each represent plots for RFS and OS from four different classifiers,

respectively, based on different sets of peaks in mass spectra used for classification.

Figwre 5 is a flow chart of a cross-validation process tor classifier validation used in

the pancreatic cancer/GI-4000 and gemcitabine study.

Figure 6 is a plot of the distributions of hazard ratios between “Quick™ and “Slow™
groups for RFS from cross-validation analysis of the “dilute-and-shoot” classifier of Figure
3E-3F.

Figure 7A is a plot of the distributions of median RFS in "Quick"' and "Slow" groups
in the Test Set of the cross-validation analysis in the GI-4000 and gemcitabine study. Figure
7B is a plot of the distribution of difference in medians between "Quick” and "Slow" groups
in the Test Set of the cross-validation analysis of the GI-4000 and gemcitabine study. Both

plots use the "dilute-and-shoot"” classifier of Figures 3E-3F.

Figure 8 is a plot of the distribution of medians of "Quick" and "Slow" groups in the
Control Arm and the Test Set in the cross-validation analysis of the "dilute-and-shoot”

classifier of Figures 3E-3F.

Figure 9 is a plot of the distribution of difference in medians between the Test Set and
Control Arm for the "Slow" group in the cross-validation analysis of the "dilute-and-shoot"

classifier of Figures 3E-3F.

Figure 10A is a plot of the distribution of the ratio of Slow to Quick classifications in
the control arm for different values of K used in the classifier in the cross-validation analysis
of the "dilute-and-shoot" classifier of Figures 3E-3F. Figure 10B is a plot of Hazard ratios
for the Test Set used in cross validation analyses for various values of K used in the K-

nearest neighbor classifier,

Figure 11 is a flow chart of a testing method for predicting cancer patient benefit, or
non-benefit from immune response generating therapies either alone or in combination with

other anti-cancer agents.

Figure 12 is an illustration of a system for performing testing of a blood-derived
patient sample and predicting whether the patient is likely to benefit from an immune

response generating therapy either alone or in combination with another anti-cancer agent.

15



10

15

20

25

30

WO 2014/003853 PCT/US2013/032024

Figures 13A-13L are sets of Kaplan-Meier plots of RFS and OS in the GI-4000 and
gemcitabine study as defined by classifiers based on spectra obtained from the DeepMALDI
method using 500,000 shots, using techniques of pending US provisional patent application
61/652,394 filed May 29. 2012, the content of which is incorporated by reference herein.
Figures 13A-13B, 13C-13D, 13E-13F, 13G-13H, 131-13J, and 13K-13L each represent plots
for RFS and OS from six different classifiers. respectively, based on different sets of peaks or

featires in mass spectra used for classification.

Figure 14 is a plot of the distwibution of hazard ratios between "Quick" and "Slow"
groups for RFS from cross-validation analysis on the classifiers of Figures 4A-4H developed

using spectra obtained from the DeepMATLDI method using 150,000 shots.

Figwre 15 is a plot of the distribution of hazard ratios between "Quick" and "Slow"
groups for RFS from cross-validation analysis on the classifiers of Figures 13A-13L

developed using spectra obtained from the DeepMALDI method using 500.000 shots.

Figures 16A-16C are an illustration of three MATDI mass spectta of the same sample
in a selected mass/charge range (nvz ratio 7.000 to 8.000), illustrating the increase in
detectable peak countent with increasing number of shots. The spectrum of Figwe 16A
resulted from 2.000 shots, the spectrum of Figure 16B resulted from 100.000 shots, and the
spectrum of Figure 16C resulted from 500,000 shots. Note how the spectra of Figures 16B
and 16C, resulting from our methods. reveal a wealth of spectral information on the sample

which was not present in the spectrum of Figure 16A, which appears essentially as noise.

Figures 16D and 16E are fiuther examples of mass spectra showing the enormous
dynamic range of spectra obtained in owr DeepMALDI method. In Figure 16D, a portion of
the spectrum in an m/z range from 7140 to 7890 Da is shown enlarged in the inset of Figure
16D showing a wealth of spectral information obtained at approximately 500.000 shots. In
Figure 16E, the spectrum is shown in the inset with the Y axis amplified in order to show
additional spectial information and peaks in the region of m/z around 9520. which are
revealed with the DeepMAILDI method but which are not visible in a typical ~1,000 shot

spectrum.

Figure 17A is a plan view of a MALDI-TOF target plate containing 384 sample spots
or “spots” arranged in a rectangular array. The spots are identified by column numbers 1 . . .

24 and rows A . . . P, e.g., the upper left spot is identified as Al. Figure 17B is an enlarged
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view of an individual sample spot P1 which is shown divided into a 5X5 rectangular grid
having X/Y location coordinates and an origin (0,0) at the center of the spot. The rectangular
grid and location coordinates are used in an automated raster scanning approach to acquire

spectra from 100,000 or more shots from the spot as described in detail Lierein.

Figure 18 is a photograph of a biological sample/matrix mixnuwe deposited in a single
spot in the MALDI plate of Figure 17A. Ideally, the spot contains a uniform, homogenous

crystallized sample within the spot, as shown in Figure 18.

Figure 19 is an illustration of one possible raster scanning pattern for use in obtaining
100,000 or miore shots from the spot of Figure 18. The spot is raster scanned multiple times,
e.g., 25 times. Each symbol set (triangle. square. X, etc.) shown in Figure 19 depicts a set of
individual, discrete X/Y locations where the spot is scanned (shot) in a single raster scan. At

each location, the spot can be subject to multiple shots, e.g.. 700 or 800 shots.

Figure 20 is an illustration showing the superposition of the raster scanning pattern of

Figure 19 on the sample spot of Figure 18.

Figure 21 is a screen shot from a MALDI-TOF instrument user interface showing
conunands for summing accumulated spectra from 800 laser shots per location/raster. e.g.. in

the raster scanning of Figures 17B or 20.

Figure 22 is an image of a portion of a sample spot showing areas where the

sample/matrix mixture does not crystallize in a spatially uniform manner.

Figure 23 is a screen shot from a MATLDI-TOF instrument user interface showing an
image of a portion of a spot captured by a camera in the instrument. and the selection of a

group of spots for automated raster scanning of the spots.

Figure 24 is another screen shot from a MAIDI-TOF instrument user interface
showing tools for evaluation of spectra, accumulation of spectra. and movewent of a laser

across a spot for firing in ditferent patterns.

Figure 25 is a screen shot of an evaluation page for accepting or rejecting fransient

spectra during data acquisition.

Figure 26 is a screen shot showing exclusion lists for eliminating background peaks.
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Detailed Description, Working Examples and Experimental Results

Described herein are predictive tests for immune response generating therapies,
related classifiers and systems and treatment of patients identified by these tests, classifiers

and systems,

In particular. methods are described herein for predicting, in advance of treatment.
whether a cancer patient is likely or not likely to benefit from administration of a yeast-based
immune response generating therapy, either alone or in combination with another anti-cancer
therapy. Methods are also described herein for predicting, in advance of treatiment, whether
a cancer patient is likely or not likely to benefit from administration of yeast-based
immunotherapy for mutated Ras-positive cancer (e.g., GI-4000 described herein). including.
but not limited to, pancreas cancer. The methods of the invention are based on mass
spectrometry of a blood-derived sample (e.g., serum or plasma} obtained pre-treatinent, and
classitication based on the proteomic signature in the sample revealed by mass spectrometry.
The use of blood-derived samples is significant, as it increases the likelihood of measuring
global susceptibility to immunotherapy by giving insight into circulating markers of the
immune system. Furthermore, the methods can be conducted quickly via a simple mass
spectrometry test from a blood-derived sample. without the need for performing complex.
time consuming assays of a patient sample or obtaining a tumor sample from the patient. The
tests are useful in that, if the patient is predicted to be likely to benefit the treatment can
proceed with some confidence that the patient will have an improved outcome, whereas if the
patient is predicted in advance that they are not likely to benefit, the patient can be steered
towards other treatments in which the patient is likely to derive benefit, or other treatment

options can be considered.

Methods are also described herein for treating a patient with a yeast-based immune
response generating therapy for cancer, either alone or in combination with another anti-
cancer agent, where the patient has first been selected by a method or test in accordance with
any of the methods of predicting described above or elsewhere herein to be likely to benefit
from the immune response generating therapy for cancer (e.g., the class label for the specira
generated in the test or method indicates the patient is likely to benefit from the immune

response generating therapy for cancer).

Methods are also described herein for weating a patient with yeast-based

immunotherapy for mutated Ras-positive cancer (e.g., GI-4000 described herein), either alone
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or in combination with another anti-cancer agent. where the patient has first been selected by
a method or test in accordance with any of the methods of predicting described above or
elsewhere herein to be likely to benefit from the yeast-based immunotherapy for mutated
Ras-positive cancer (e.g., the class label for the spectra generated in the test or method
indicates the patient is likely to benefit from the yeast-based inununotherapy for murtated
Ras-positive cancer). In any of these methods of treating of the invention. the method
includes a step of administering the yeast-based immune response generating therapy (which
way include, but is not limited to, a yeast-based immunotherapy for mutated Ras-positive
cancer) to a subject that has a cancer expressing the cancer antigen, and who has been
identified or selected as likely to benefit from administration of the composition by a test
performed in accordance with any of the methods of predicting of the invention as described

herein.

A Working Example Describing GI-4000-02: A Phase 2b Clinical Trial for GI-4000

and Genicitabine in Pancreas Cancer

GI-4000-02 is a fully-enrolled Phase 2b randomized, double-blind. placebo-
controlled, multi-center, adjuvant clinical trial of GI-4000 plus gemcitabine or placebo plus
gemcitabine in patients with RO or RI resected pancreas cancer (see Figure 1). An RO
resection is defined by the absence of microscopic residual disease at the surgical margin. An
R1 resection is defined by the presence of microscopic residual disease at the swrgical
margin. RO and R patients have different expected survival rates, with RO patients living
longer on average. In this clinical trial, a sample of nunor tissue was obtained from each
subject dwring the screening period and the tumor was evaluated for the presence of a Ras
mutation. If a subject had a product-related mutation. then the GI-4000 yeast-based
imonmotherapy product that matched the specific Ras mutation in the subject’s tumor was

administered (the GI-4000 series is described in detail below).

The study population consisted of 176 subjects with Ras mutated resected pancreas
cancer emrolled at 39 centers in the United States and five international centers. Following
resection. subjects were prospectively stratified into two groups by resection status, and both
the R1 and RO groups were randomly assigned into two treatment groups at a one-to-one ratio
to receive either 40Y.U. of GI-4000 (Y. U.” is a “Yeast Unit” or “'yeast cell equivalent: one
Y.U. = 10 million yeast cells) plus gemcitabine or placebo plus gemcitabine. Thirty-nine R1

subjects were enrolled, of whom 19 were assigned to the GI-4000 plus geincitabine group
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and 20 were assigned to the placebo plus gemcitabine group. One hundred thirty-seven RO
subjects were emrolled, of whom 69 were assigned to the GI-4000 plus gemcitabine group
and 68 were assigned to the placebo plus gemcitabine group. The 40 Y.U. dose of GI-4000
was administered as four separate 10Y.U. subcutaneous injections, oue in each arm and leg.
Subjects were given three weekly doses of either GI-4000 or placebo between resection and
the initiation of gemcitabine therapy. All subjects were administered up to six monthly
cycles of gemcitabine beginning between six and eight weeks after resection. Monthly doses
of GI-4000 or placebo were given after each cycle of gemcitabine to coincide with the
scheduled breaks in monthly gemcitabine treattnent. Monthly administration of GI-4000 or
placebo continued until subjects withdrew from the study. experienced disease recuirence or
died. A number of disease-specific baseline characteristics were evaluated, including the
following prognostic factors. which have been shown to have an impact on outcome: (a)
Lymph node status was defined by the presence or absence of microscopic evidence of
pancreas cancer cells. Positive nodes are considered a poor prognostic indicator; (b)
Performance status, which consists of a five point scale (0. 1, 2. 3, 4) that reflects the general
health of the patients, with 0 being the most favorable status and 4 being the least favorable:
(c) CA19-9, which is a blood biomarker of pancreas cancer cells that serves as a measure of
tumor burden. Higher CA19-9 levels are associated with poorer clinical outcomes; (d)
Tumor size in centimeters. with larger size generally associated with poorer outcomes: and
(e) Tumor stage, which ranges from Stage I through IV and is defined based on a
standardized scoring system that consists of primary tumor size, extent of local invasion,
extent of involvement of regional lymph nodes and systemic spread of the cancer away from

the primary tumor.

The primary endpoint for this clinical tial was recurrence-free smvival. Secondary
endpoints included overall survival. immune responses and biomarkers of disease burden,
such as CA19-9. To date, GI-4000 in combination with adjuvant gemcitabine has shown
evidence of a clinically meaningful effect on survival in Ras-mutation positive R1 pancreas
cancer subjects. including: (a) 2.6 month improvement in median OS (17.2 months compared
to 14.6 months): an 18% relative improvement; (b) 5.0 month improvement in median OS for
GI-4000 immune responders (19.6 months compared fo 14.6 months); a 34% relative
improvement; (c)16% advantage in one-year swvival (72% vs. 56%): a 30% relative
improvement; and (d) 1 month improvement in median RFS (9.6 months for GI-

4000/gemcitabine vs. 8.5 monihs); a 13% relative advantage. In addition. GI-4000 was
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immunogenic and well tolerated in RI subjects: (a) 7/15 (47%) in the GI-4000/gem arm vs.
1/12 (8%) in the placebo/gem arm had Ras mutation specific T cell response; and (b) GI-
4000 has been well tolerated to date with no evidence of significant novel toxicities.
Additional results were observed following the development of a predictive mass spectral

method of the invention, which will be described in detail below.

Predictive Mass Spectral Methods

An example of the mass-spectral methods of this disclosure will be described below
in detail in conjunction with a study of samples in the GI-4000 + gemcitabine Phase 2b
clinical trial in pancreas cancer described above. Some, but not all patients receiving the
combination of GI-4000 + gemcitabine experienced a substantial improvement in RFS and
OS as conpared to those patients that received gemcitabine and placebo. A classifier was
developed to predict in advance of weatment whether a patient is a member of the class of
patient that is likely to benefit (*“Slow” in the following discussion), or conversely is not
likely to benefit (“Quick™ in the following discussion). Figure 2A and 2B are Kaplan-Meier
plots of recurrence-fiee survival (RFS) and overall survival (OS), of patients positive for a
proteomic signature indicating they are likely to benefit from GI-4000 in combination with
gemcitabine. Figure 2A shows RFS by treatment group (GI-4000 vs. placebo) for subjects
with the late recurrence ("Slow") proteomic signature, whereas Figwe 2B shows OS by
treatment group for subjects with the late recurrence proteomic signatiwe. The plots illustrate
the ability of a mass spectrometry method of this disclosure to identify patients which are
likely to benefit from the combination of GI-4000 and gemcitabine in the treatment of
pancreatic cancer. Further Kaplan-Meier plots from our study showing the ability of our
method to identify patients in the treatinent arm that did or did not obtain benefit from the
combination of GI-4000 and gemcitabine will be discussed in conjunction with Figures 3 and
4 below,

In ow study, samples suitable for generation of mass spectra were available from 90
patients enrolled in GI-4000-02, described in detail above. The samnples were derived from
blood, and in this particular case were plasma that had been obtained fiom whole blood by a
prior density-based separation method. Whole blood (in sodivm heparin glass tubes) was
received at GlobeImmune Jaboratories from clinical trial sites by overnight delivery at room
teiperatwre and was processed within 30 hr. of collection. To separate peripheral blood

mononuclear cells (PBMCs). blood was diluted approximately 1:1 with Dulbecco’s
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phosphate buffered saline (D-PBS: Gibco/InVitrogen catalog # 14190-250), layered onto a
Ficoll-Hypaque gradient in LeucosepTM tubes (Greiner) and centrifuged at 1000 x g for 10
minutes at ambient temperature. Before cells were harvested from the gradients, the plasma
diluted 1:1 with D-PBS was aspirated off and frozen at minus 80°C. Prior to use in the mass
spectra methods of the invention. the samples were thawed, aliquoted and then refrozen once

before use.

Spectra were generated from the samples using the standard dilute-and-shoot (DNS)
method and the “DeepMALDI” method. described in pending US Provisional Application
Serial No. 61/652,394 filed May 29, 2012, incorporated by reference herein, and described in

further detail below.

We performed the VeriStrat test as described in US Patent No. 7,736,905 and the
previously-cited patent literatwe of Biodesix, Inc. on the dilute-and-shoot spectra, but found
that the classifier did not yield useful information. Few VeriStrat Poor samples were
identified and no significant differences were found between VeriSwat Good and Poor

patients in either treatment arm.

Hence, a new classifier with a new training set needed to be defined. We speculated
that VeriStrat features might be useful, because we believe that these are related to the host’s
immune and inflammatory response to the presence of cancer (See US patent application
publication 2011/0208433). Indeed. it was discovered that mass specwal features in the
spectra used in the VeriStrat test (see Tables 3 and 4, below) could be used for classification
in the pancreatic cancer study provided that the classifier training set was properly defined
and the spectral pre-processing procedures changed, as described below. This discovery of

the classifier design and training set will e described in the following section.
Classifier Design

The starting point for designing a classifier to split patients into those with better and
worse proguosis on the GI-4000 treatment was to define a training set of patients with better
and worse recurrence-free swvival (RFS). Based on the distribution of times of RFS, it was
decided to define patients with quick reciurence ("Quick”) as those patients recurring before
276 days and patients with slow recurrence ("Slow™) as those patients without a recurrence
event before 500 days. This gave a training set of 20 patients in the "Quick" group and 14

patients in the "Slow" group, with 9 patients with intermediate RFS times. (Aside: In fact
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there were 21 patients with RFS event before 276 days, but the spectrum for one of these
patients was missed when starting the project, so this patient was not initially included in the
training set for the "dilute-and-shoot" and 150.000 shot DeepMALDI analysis, and was only
used when the classifier was applied to the whole cohort. For the 500,000 shot DeepMALDI
analysis. this patient was included in the training set and one patient with long recurrence
time was excluded, as it was determined that the plasma sample for this patient had been
taken during treatment.) It would be possible to produce similar results by taking different
cutoff points to define the "Slow" and "Quick” groups or to define them by quick and slow

times 10 death.

Having defined the training set of "Quick” and "Slow" groups, the mass spectra to be
compared were pre-processed using the methods of US Patent No. 7.736.905, including
background subtraction. partial ion cuwrent normalization, and spectral alignment. The details
of the pre-processing are different for the Dilute-and-Shoot spectra and the DeepMALDI
spectra, although the general procedure is similar. First the background is estimated and
subtracted from the spectra. The spectra are normalized to partial ion current. The regions
used in calculating partial ion cwrent can be chosen in various ways. as long as they exclude
the strong and most variable peaks in the mass spectra. In the example dilute-and-shoot
classifier for which results are given below, the regions used for partial ion cwrent
calculation and normalization were 3kDa-11.4 kDa, 13kDa-15kDa and 16.1 kDa-30kDa, but
other choices could be made. For example. for the 500,000 shot DeepMALDI spectra-based
classifiers the regions used for partial ion cturent normalization were 4.9kDa-6.54kDa,
12kDa-13.5kDa and 18kDa-27kDa. The noise in the spectra is estimated. Once the peaks are
detected in the spectra. the spectra can be aligned using a set of alignment points. A set of
alignment points can be compiled by choosing a subset of the peaks detected in the spectra
that are common to most of the spectra to be aligned or can be chosen beforehand from peaks
that are known to exist in most spectra from prior experience. In the case of the dilute-and-
shoot classifier shown below, the following alignment points were selected from prior
experience. These were peaks at the following nyvz positions: 6434.5, 6632.1. 11686.9,
12864.8, 15131.1, 15871.5, and 28102.5. It is worth noting that, if the DeepMALDI
methods for obtaining mass spectral data from the samples (see explanation below) are used.
other features in the spectra could be used for partial ion curent normalization and spectral
alignment and pre-processing methods for background subtraction more suitable for the

DeepMALDI spectra may be used. For example, in the 500,000 shot DeepMAIDI spectra-
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based classifiers presented below, the following alignment points were used: 3315. 4153
4457, 4710, 4855, 5289, 6431, 6629, 6835, 7561, 7931, 8202, 8807, 8912. 9707. 12856,
13735, 14031, 14134, 15117, 15856, 17366, 21046, 27890, 28019, 28067, and 28228. It
should be noted, however, that other choices of number and location of alignment points are

possible for both methods of spectral acquisition.

Pre-processing the spectra renders them comparable with one another and they can
then be used to make a classifier. based on features that are defined from extemal
consideration, or the groups of spectra can be compared to determine features that are
differentially expressed between the groups. a subset of these features can then be selected
and a classitier built using this set of features. One of the classifiers with results shown below

was constiucted using features determined from external considerations.

As it is believed that the mass spectral features used in the VeriStrat classifier (see
Tables 3 and 4 below) are correlated with inflammatory processes linked to the host response
to the presence of the rumor (see our prior U.S. Patent Application Serial No. 12/932,295
filed February 22, 2011, incorporated by reference herein) and that this is related to the
response of the immune system to the tumor. it was of interest to try using the eight VeriStrat
features with a new reference set of spectra defined from patients' recurrence times following
GI-4000 treatment. The results are shown in Figure 3. described below. However, other
classifiers could be constructed using features found to differentiate between the two
reference set groups during their comparison. For dilute-and-shoot spectra these features

include one or more of the following:

Table 1
m/Z center of feature m/Z left edge of feature | m/Z right edge of feature
5841.168 5831.035 5851.302
6433.537 6427.831 6439.244
8765.432 8757.666 8773.197
9669.883 9618.946 9720.82
11442.47 11428.45 11456.49
11474.93 11460.88 11488.99
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11529.59 11518.95 11540.22
11696.79 11650.43 11743.15
11500.24 11878.99 11921.49
12865.48 12856.36 12874.6

PCT/US2013/032024

One or more of the fearres of Table 1 could be used in combination with features in Tables

2, 3 and 5 for use in classifier.

For 150.000 shot “DeepMALDI” spectra, the features useful for classification include

the following:

Peak #

m/z center

Table 2

mizleft edge 1m/z right edge
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3042.005

3366.615

3358.219

3375.011

3432.149

3412.777

3451.52

3473.153

3453.337

3492.969

3552.474

3543.957

3560.992

3680.091

3672.995

3687.187

3842.836

3836.58

3849.092

4203.838

4193.707

4213.969

Wi iNigy | Wi

5180.126

5176.524

5183.728

[eey
o]

5291.206

5287.73

5294.682

[N
[SRN

5700.687

5689.381

5711.994

-
N

5843.129

5840

5846.258

o=y
w

5860.729

5851.114

5870.344

-
ey

5866.576

5862.227

5870.926

-
wl

6008.828

6004.271

6013.384

ey
(o)}

6192.594

6182.541

6202.648

-
~

6298.994

6294.655

6303.333

ey
oo

6873.363

6870.128

6876.598

-
(Ia}

6903.79

6894.561

6913.018

N
o

6971.019

6967.629

6974.408

N
oy

6985.879

6982.461

6989.296

N
N

6995.012

6991.486

6998.538

No
w

7009.091

7002.267

7015.914

N
ay

7023.426

7019.431

7027.422

25



WO 2014/003853

25

7035.244

7031.664

7038.825

26

7045.484

7041.962

7049.005

27

7057.527

7050.655

7064.399

28

7074.719

7070.399

7079.039

29

7150.539

7136.65

7164.429

30

7245.544

7237.996

7253.093

31

7301.145

7297.011

7305.279

32

7783.506

77178.087

7788.925

33

8361.169

8355.605

8366.734

34

8476.978

8470.468

8483.489

35

8767.557

8761.746

8773.368

36

9362.525

9353.951

9371.098

37

9671.94

9664.199

9679.681

38

9759.032

9751.081

9766.982

39

9788.134

9772.707

9803.561

40

9871.152

9861.387

9880.918

41

11302.64

11295.53

11309.76

42

10485.61

10471.48

10499.73

43

10776.72

10762.23

10791.21

11475.86

11468.27

11483.45

45

11494.79

11487.31

11502.27

46

11529.86

11522.63

11537.1

a7

11555.31

11541.01.

11569.61

48

11655.18

11616.93

11693.44

49

11709.95

11701.41

11718.49

50

11761.94

11724.72

11799.16

51

11858.02

11814.24

11501.79

52

11909.8

11902.01

11917.58

53

11939.01

11929.83

11948.2

54

12348.32

12339.42

12357.22

55

12866.6

12858.57

12874.62

56

13072.62

13064.42

13080.81

57

13090.91

13082.14

13099.68

58

13360.65

13351.7

13369.59

59

13807.33

13786.47

13828.18

60

13913.92

13897.53

13930.32

61

14043.98

14035.87

14052.09

62

14092.28

14084.11

14100.46

63

14125.28

1411713

14133.43

64

14148.15

14139.99

14156.32

65

14197.84

14181.99

14213.69

66

14258.28

14249.88

14266.69

67

14429.84

14414.32

14445.35

68

14384.69

14357.6

14411.78

69

14530.4

14520.1

14540.7

70

18801.94

18784.71

18819.18
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71

18861.88

18844.22

18879.55

72

18904.03

18884.67

18923.4

73

19860.00

19771.09

19949.03

74

21710.89

21683.49

21738.29

75

22998.95

22839.61

23158.29

76

28314

28282.63

28345.37

77

28518.76

28486.77

28550.75
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For 500.000 shot DeepMALDI spectra, the features useful for classification include the

following:
Table 5

m/z center m/z left edge | m/z right edge

1 3463.350 3459.400 3467.300
2 3609.960 3605.630 3614.280
3 3679.430 3674.080 3684.770
4 3840.800 3834.810 3846.780
5 3892.750 3889.050 3896.440
6 4077.700 4072.100 4083.300
7 4492.020 4485.400 4498.640
8 45957.040 4592.710 4601.370
9 5405.660 5400.820 5410.500
10 5555.430 5549.440 5561.410
11 5582.800 5578.980 5586,620
12 5635.590 5631.640 5639.530
13 5706.610 5701.520 5711.700
14 5762.000 5758.050 5765.940
15 5840.660 5836.580 5844,730
16 5873.770 5870.200 5877.330
17 5890.570 5885.730 5895.410
18 6107.260 6102.290 6112.220
19 6129.670 6125.720 6133.610
20 6328.570 6323.730 6333.410
21 6892.580 6888.250 6896.900
22 6951.990 6948.040 6955.930
23 6981.660 6977.580 6985.730
24 7004.170 6999.330 7009.000
25 7054.210 7048.220 7060.190
26 7153.620 7148.910 7158,330
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27 7295.310 7289.320 7301.290
28 7421.920 7417.970 7425.870
29 8357.210 8351.730 8362.680
30 8762.280 8756.430 8768.140
31 8992.440 8987.350 8997.530
32 9199.780 9163.160 9206.400
33 9794.720 9791.280 9798.160
34 10000.020 9993.530 10006.510
35 10018.610 10013.260 10023.960
36 10090.630 10083.880 10097.370
37 10174.760 10168.520 10181.000
38 10200.610 10191.950 10209.270
39 10657.440 10651.960 10662.910
40 10713.840 10704.160 10723.510
41 10912.750 10905.490 10920.000
42 11402.140 11396.410 11407.870
43 11432.410 11425.280 11439.540
44 11466.160 11459.660 11472.650
45 11488.190 11481.820 11494.550
46 11520.580 11514.720 11526.430
47 11543.880 11538.400 11549.350
48 11563.080 11556.070 11570.080
49 11620.250 11613.120 11627.380
50 11676.220 11670.870 11681.570
51 11699.260 11694.040 11704.480
52 11723.200 11716.450 11729.950
53 11744.210 11739.370 11749.050
54 11775.740 11767.330 11784.140
55 11821.600 11814.600 11828.600
56 11839.680 11833.950 11845.410
57 11882.560 11877.850 11887.270
58 11900.770 11894.660 11906.880
59 12401.800 12392.760 12410.840
60 12975.740 12968.730 12982.740
61 13104.010 13098.150 13109.860
62 13145.130 13138.380 13151.880
63 13399.430 13388.090 13410.760
64 13475.480 13468.100 13482.870
65 13622.780 13616.670 13628.890
66 13648.070 13642.590 13653.540
67 13677.100 13670.860 13683.340
68 13735.490 13731.670 13739.310
69 13781.970 13774.960 13788.970
70 13800.220 13794.870 13805.570
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71 14007.100 14002.010 14012.190
72 14030.530 14023.400 14037.660
73 14057.140 14051.410 14062.870
74 14078.920 14073.060 14084.770
75 14096.180 14091.340 14101.020
76 14112.220 14107.890 14116.550
77 14137.690 14129.540 14145.840
78 14186.020 14178.130 14193.910
79 14244.340 14232.110 14256.560
80 14280.730 14272.960 14288.490
81 14408.640 14403.290 14413.980
82 14423.030 14418.310 14427.740
83 14436.400 14431.050 14441.740
84 14518.120 14508.310 14527.920
85 14537.850 14531.740 14543.960
86 14653.450 14645.820 14661.150
87 14715.700 14706.780 14724.610
88 15618.160 15597.660 15638.660
89 17443.590 17430.700 17456.470
90 18734.930 18724.840 18745.010
91 21675.550 21649.880 21701.220
92 22987.930 22971.630 23004.220
93 23020.930 23009.110 23032.740
94 28038.080 27994.740 28081.430
95 28231.950 28203.250 28260.650
96 28438.910 28393.220 28484.590
97 28804.560 28750.090 28859.030

PCT/US2013/032024

Note that improvements to normalization of spectra may reveal still further differentiating

peaks, hence the above lists are not considered exhaustive. Again. the precise m/z location is

subject to slight shift depending on spectral alignment during pre-processing.

A. Dilute-and-Shoot Spectra-Based Classifiers

The plots of Figwes 3A-3F show the performance of classifiers built using the

“Slow" and "Quick" definitions for the reference set ("Slow" = no recurrence event before

500 days. "Quick" = recurrence before 276 days), the VeriStrat feature definitions (Tables 3

and 4). and dilute-and-shoot pre-processed spectra. The classifier was applied both to the

spectra of the GI-4000 (treatment) arm and to the 46 spectra from the placebo (conirol) arm.

29



10

15

20

25

30

WO 2014/003853 PCT/US2013/032024

The classifier generated class labels of Quick or Slow for the spectra based on a K-nearest
neighbor classification algorithm (see US patent 7,736,905). with Figures 3A-3B showing the
classification with K = 1, Figures 3C-3D showing the classification with K=3 and Figures 3E

and 3F showing the classification with K = 5.

From these results shown in Figures 3A-3F, we see that it is possible to separate the
treatment arm (GI-4000 +genicitabine) into two groups, "Quick” and "Slow”, where the
"Quick" group has significantly worse outcomes. in terms of both RFS and OS, than the
"Slow" group. In contrast. the control arm (gemcitabine + placebo) has similar RFS in both
"Quick” and "Slow" groups. There is a treatment benefit in RFS in favor of GI-4000 in the
"Slow” group. The case of treatment effect in OS is difficult to decipher and it may be that
the weatment benefit from the addition of GI-4000 in the "Slow" group is diluted by
wreatments received after recurrence, Analysis of OS is also complicated by censoring of

events in 38% of the cohort.

Note that the ‘Quick’ treatment arm is lower than the control arms indicating that the
‘Quick” patients, did not benefit from treatment with GI-4000 and gemcitabine. Therefore,
the classifier provides the ability to predict those patients that are not likely to benefit from

treatments stimulating an immune response.
B. 150.000 shot DeepMALDI based classifiers

The performance of a classifier based on pre-processed DeepMALDI spectra (see
description below) and features selected from a comparison of the waining set groups "Quick”
and "Slow" as defined above. is shown in Figwres 4A and 4B, with Figure 4A showing the
ability of the classifier to separate Quick and Slow patients in RFS in the treatment arm but
not in the control arm. and Figure 4B showing the ability of the classifier to separate Quick
and Slow patients in OS in the treatment arms but not in the control arm. The features used
in the classifier were chosen to approximate the eight features in Table 4. Significant
separation was observed between "Quick” and "Slow" groups in the treatment arm. but not in
the control arm for both RFS and OS. Although not significantly different, the "Slow" group
shows a trend to better outcome, especially RFS. on GI-4000 treatment compared with the

control arm of placebo.

Figures 4C-4D, 4E-4F. and 4G-4H. are Kaplan-Meier plots of RFS and OS for three

additional classifiers using DeepMALDI mass spectrowmetry of the samples and subsets of the
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77 features for DeepMALDI that are listed in Table 2 above. All tlwee classifiers used the
reference set of 20 spectra from patients with recurrence times before 276 days ("Quick") and
14 spectra from patients with no recurence event or censoring before 300 days ("Slow"), the
same pre-processing. optimized for DeepMALDI spectra, and K=5 in the K-nearest neighbor

classification algorithm.

The classifier of Figwres 4C and 4D used a subset of featwes from the list of 77
candidate features of Table 2 above. We sorted the 77 features by p value and used the 20

features with the lowest p values describing their relative expression difference:

m/Z center of feature m/Z left edge of feature | m/Z right edge of feature
3842.836 3836.5801 3849.0918
5860.7288 5851.1136 5870.3441
6903.7895 6894.5605 6913.0184
7023.4264 7019.4307 7027.422
7074.7189 7070.3989 7079.0389
7301.1449 7297.0108 7305.279
9362.5245 9353.9508 9371.0983
9671.9403 9664.1994 9679.6812
9759.0315 9§751.0808 9766.9822
10776.7214 10762.229 10791.2138
11709.9483 11701.4091 11718.4875
11761.9383 11724.7165 11799.1602
11858.0166 11814.2429 11901.7903
13090.909 13082.1414 13099.6766
14043.9806 14035.8701 14052.091
14125.2798 14117.1271 14133.4325
14148.1548 14135.9896 14156.3199
14197.8412 14181.9925 14213.6898
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14258.2834 14249.8779 14266.689

18801.9437 18784.7057 18819.1817

Figures 4E and 4F show Kaplan-Meier plots of RFS and OS for a third DeepMALDI
classifier. In this example, we used features from the list of specwa (Table 2) that were in

the regions of VeriStrat features (Tables 3 and 4) or strongly correlated with them.

m/Z center of feature m/Z left edge of feature | m/Z right edge of feature
5843.1286 5839.9995 5846.2576
5860.7288 5851.1136 5870.3441
11475.8583 11468.2665 11483.4501
11494.7897 11487.3141 11502.2653
11529.8615 11522.6267 11537.0962
11555.3129 11541.0141 11569.6118
11655.1818 11616.9251 11693.4385
11709.9483 11701.4091 11718.4875
11761.9383 11724.7165 11799.1602
11858.0166 11814.2429 11901.7903
11909.7985 11902.0132 11917.5837
11939.0138 11929.8302 11948.1974
22998.948 22839.6075 23158.2885

The results for the fowth DeepMALDI classifier are shown in Figures 4G-4H. For this
classifier, we used a subset of the features (Table 2) whose expression levels between groups

were correlated in the opposite way to those in the classifier of Figures 4E-4F, and which are

not related to VeriStrat features.
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m/Z center of feature m/Z left edge of feature | m/Z right edge of feature
7009.0908 7002.2674 7015.9142

7023.4264 7019.4307 7027.422

7035.244 7031.6636 7038.8245

7074.7189 7070.3989 7079.0389

14043.9806 14035.8701 14052.091

14092.2825 14084.1062 14100.4588

14125.2798 14117.1271 14133.4325

14148.1548 14139.9896 14156.3199

14197.8412 14181.9925 14213.6898

Note that the DeepMALDI classifiers of Figiwes 4A-4H clearly separate the Quick and Slow
patients in the treatment arm while showing little or no separation in the control arm. and

thus perforn similarly to the “dilute and shoot™ classifiers of Figure 3A-3F.

In interpreting the results of Figures 3A-3F and 4A-4H. it should be noted that the
results above will tend to be over-estimates of separation between "Quick" and "Slow"
groups because the reference set of the classifier is used in the analysis. Unfortunately. a
validation set was not vet available with which fo test the classifier performance in an
independent way. Hence, 1o provide an alternative assessiment of classifier performance. a
cross-validation analysis was carried out, as described in the “cross-validation of classifier”

section below.
C. 500,000 shot DeepMALDI spectra-based classifiers

Classifiers able to separate "Quick” and "Slow" patients in RFS well in the treatment
arm, but not in the control arm could also be consuucted using 500,000 shot DeepMALDI
spectra. The DeepMALDI spectra were pre-processed identically for all classifiers presented
in this section and the taining set for these classifiers was again the "Quick” and "Slow"
recwrence groups defined previousty. At the time of this DeepMALDI analysis updated

survival data were available and so the performance analysis of these classifiers made use of
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updated data relative to those presented in sections A and B. The sets of differentiating
features used in each classifier were subsets of the 97 featwres in Table 5 above. The K
neighbors chosen for the K-nearest neighbor classification algorithm was optimized for each
classifier. Figures 13A - 13L are Kaplan-Meier plots of RFS and OS showing the
performance of 6 classifiers built using 500, 000 shot DeepMALDI spectra and subsets of the
97 features listed in Table 5.

The classifier of Figures 13A and13B used a subset of 42 features from the list in
Table 5. They were selected to include both features contained in the ny/z regions of the
VeriStrat fearures (Tables 3 and 4) and also additional features selected based on low
univariate p values for ditferentiating between 'Slow' and 'Quick’ groups in the taining set.
For this classifier, K=3 was found to be optimal and the center (n/z) of the features used are

listed in the first column of Table 6.

Table 6

Figure 134-138 | 50" 15 | Figure 13£-13F | Figure 136-13H | Figure 131-13) Fgure 13
4492 4492
5636
5762
5841 5841
5891
6893 6893 6893
7004 —o0a
7295 7295
7422 7422 7422
8357 8357 8357
8762 8762 8762 8762
8992 8992
9795 9795
10000 10000 '
10175 o175
11402
11432
11466 11466 11466 11466 11466
11488
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11521 11521 11521 11521
11544
11563
11620 11620 11620 11620
11676 11676
11699 11699
11723 11723 11723
11744
11776
11822
11883 11883
11901
12976
13104
13145 13145
13623 13623
13648 13648 13648 13648 13648 13648
13677 13677
13735 13735 13735 13735 13735
13782 13782 13782 13782 13782
14007 14007
14057 14057 14057 14057 14057
14096 14096
14112 14112
14138 14138
14244 14244
14281 14281
14423 14423 14423 14423 14423
14436 14436 14436
14538 14538 14538 14538 14538
14716 14716
17444
18735
22988 22988 22988 22988 22988
23021
28038 28038 28038 28038 28038
28232 28232 28232 28232 28232
28439 28439
28805 28805 28805
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The classifier of Figwres 13C and 13D used a subset of 32 features from the list in
Table 5 (center of feature nyz given). selected on the basis of univariate p values for
differentiating between 'Slow' and 'Quick’ groups in the training set and on the ratio of
amplitudes of feature values between 'Slow' and 'Quick' groups. This classifier used X=3 and
the features listed in the second column of Table 6. Although 19 featuwres are common to this
classifier and the previous one. this classifier also contains 13 features mot used in the

previous classifier and yet gives similar performance in termns of the Kaplan-Meier plots.

The classifier of Figures 13E and 13F was developed using similar criteria to that of
the previous classifier and used K=5. The features used are listed in the third colunn of Table
6. The classifier has 23 of its 25 features in common with the classifier of Figs. 13A and 13B
and more than half in common with the classifier of Figs. 13C and 13D. Despite the
similarity in the features chosen for the classifier. the performance in the Kaplan-Meier plots
would indicate that this classifier is more prognostic of outcome, rather than predictive of

treatment effect from GI-4000.

The classifier of Figures 13G and 13H used a subset of 13 of the features of the
classifier of Figures 13E and 13F, listed in the fourth column of Table 6, and K=5; the
Kaplan-Meier plots indicate a performance more similar to the first two DeepMALDI

classifiers (Figs. 13A-D).

The classifier of Figures 131 and 13J was constructed using no features in the w/z
regions of the VeriStrat features of Table 3. However, it can be seen that it has similar
performance in terms of Kaplan-Meier plots as the classifiers which do include features from
the m/z regions of VeriStrat features. The features used are listed in the fifith column of Table
6 and for this classifier K=7.

The classifier of Figures 13K and 13L uses only eight features, listed in the last
column of Table 6, and K=3. Four of the eight features were not used in any of the other
classifiers. Still. the performance as assessed by the Kaplan-Meier plots is not markedly

different from the other classifiers tested.

Note that most of these DeepMALDI classifiers also clearly separate the 'Quick’ and
'Slow' classified patients in the weatment arm, while showing little separation in the control
arm, and thus perform similarly to the "dilute-and-shoot” classifiers and those based on
DeepMALDI with fewer shots.

36



10

15

20

25

30

WO 2014/003853 PCT/US2013/032024

Cross-validation of classifier

A. General formulation and its application to the “dilute-and-shoot” classifier

A cross-validation of the “dilute and shoot” classifier shown in Figures 3A-3F and

described above was doue by following the procecure outlined in Figure 5.

In the procedure of Figure 5. at step 100 the features (peaks or nvz ranges) used for
classification and the pre-processing steps (background subtraction, normalization and
alignment) were fixed. Then, steps 102. 104. 105 and 106 were performed in an iterative
fashion indicated by the loop 108. In step 102, 10 spectra were randomly chosen to leave out
for testing classifier performance. In step 104, a reference set of spectra were selected from
the remaining 34 spectra using the same time to recurence (TTR) criteria. namely “Quick™
defined as recwurence betore 276 days and “Slow” defined as above (no recwrence before
500 days). At step 105, a value of K in a K nearest neighbor classification algorithm was
chosen. At step 106, the classifier performance was evaluated, in terms of Hazard ratios
(HR) and medians on a “test set” of spectra. The test set of spectra are spectra in the
treatment arm not included in the reference set (step 104), i.e. the 10 spectra omitted at step
102 plus any other spectra from patients with a TTR berween 276 and 500 days. The process

was repeated (108) many times (70 in this example).

It will be appreciated that the procedure of Figure 5 is of general applicability, with
appropriate selection of the reference and test sets given the particular study under

consideration.

This cross-validation of Figure 5 will tend to provide a lower bound to the

performance of the classifier as it under-estimates performance in the following ways:

1. The reference sets of the cross-validation classifiers are smaller than those of the

original classifier, which can impact performance.

2. The test set of samples not included in the reference set. while larger than the 10
intermediate recuurence spectra before, is still small. This can lead to large variability in
calculated statistics and in some cases, when group sizes are very small. these statistics can

be meaningless.

-

3. The test sef is not representative of the weatment arm cohort as a whole. It contains a

higher proportion of patients with intermediate recuurence times. This imbalance makes
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comparison of the test set results with other groups outside the test set (e.g. control arn)
difficult.

Despite these limitations. the cross-validation analysis of classifiers built using the
definitions of "Quick" and "Slow" groups and VeriStat features yielded some useful insights.
Figure 6 shows the distibution of hazard ratios between "Quick" and "Slow" groups
calculated for the 70 realizations in the cross-validation analysis for the control anm, the
whole treatment arm. and the test set (weatment arm excluding the classitier reference set).
Wahile all classifiers produced a HR close 10 1 for the control arm, the median HR for the test

set was 3.1, close to that for the whole treatment ar,

Figures 7A and 7B show the distributions of median RFS in "Quick” and "Slow"
groups in the test ser in the cross-validation analysis. In Figure 7A, the median for the "Slow"
group is centered around 382 days. while the median for the "Quick™ group is centered
around 274 days. Figure 7B shows the distribution of the difference in medians between
"Quick” and "Slow" groups in the test set. The difference between medians is centered
around 111 days. a clinically meaningful difference. with very few realizations showing a
smaller median for the "Slow" group than the "Quick” group. Although comparison of test
set and control arm is complicated by the imbalance in distribution of recurrence times
between the two groups. observation of the medians in the "Quick” and "Slow" groups within
the control group and the test set show that that of the "Slow" Test Set lies predominantly
above those of the "Quick" and "Slow" control groups, which in turn lie above that of the
"Quick" Test Set. See Figure 8. which is a plot of the distribution of medians of "Quick" and

"Slow" groups in the Control Arm and the Test Set in the cross-validation analysis.

In addition. the distribution of difference in medians between the test set and control
arm for the "Slow" group, indicates that in nearly all realizations, the median RFS for the test
set was greater than that of the confrol arm, despite the imbalance in the populations. see
Figure 9, which is a plot of the distribution of difference in medians between test set and
control arm for the "Slow" group. The median difference in median RFS was around 60 days,

again a meaningful clinical difference.

Cross-validation analysis for OS was hampered by having data censored in over a

third of the total cohort in the clinical data initially available.
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Another result of cross-validation analysis was the determination of the dependence
of the ratio of Slow to Quick classifications on the choice of K used in the K-nearest neighbor
classifier. See Figure 10A, which is a plot of the distribution of the ratio of Slow to Quick
classifications in the control arm for different values of K used in classifier. Figure 10B is a
plot of the distributions of hazard ratios calculated for the test set of the cross-validation
analyses for various values of K. When we did the cross-validation, we chose a K of 3, 5, or
7 in each of the 70 iterations (Figure 5, step 105). We had roughly 1/3 of each, so there at
least 20 values in each of the distributions K=3, 5, and 7. To see what happened for K=1, we
also re-ran 19 iterations of the cross-validation using K=1. The hazard ratio of Slow to Quick
was found to be largest in the test set for K=5. Figure 10B alsc plots the distribution of
hazard ratios obtained for the control arm for all 70 iterations of the cross-validation analysis.
Figure 10B demonstrates that it does not make much difference what value of K is used
within the control arm, and the distribution is quite narrow. Figure 10B, when considered
together with Figure 10A. demonstrates that multiple choices of K are possible in a K-nearest

neighbor classification algorithm, but that K=5 is a probably a preferred choice.
B.  Cross-validation of 150,000 shiot DeepMAILDI spectra-based classifiers

Application of the same cross-validation methods to the four 150,000 shot
DeepMALDI spectra-based classifiers presented earlier show that two of them had superior
performance. in terms of ability to predict relative freatment benefit from the addition of GI-
4000. Figure 14 shows the distribution of hazard ratios between patients classified as 'Quick’
and 'Slow' for RFS for the fowr classifiers from Figures 4A-4H in both the control arm and
the test set of the cross-validation. While the median hazard ratios observed for the classifiers
from Figs. 4C-4F are similar in test set and conwol arms, those observed for the other 2
classifiers are greater in the test set than in the conwol arm. supporting the performance
evaluation from the Kaplan-Meier plots showing greater separation between 'Quick' and
'Slow' groups in RFS within the treatment arm than the control arm, and supporting the
predictive power of the classifiers for the addition of GI-4000 to the gemcitabine control

regimen.
C. Cross-validation of 500,000 shot DeepMAILDI spectra-based classifiers

The identical cross-validation method was also applied to the six 500.000 shot
DeepMALDI spectra-based classifiers presented earlier and assessed in Figures 13A-M. The

distributions of the hazard ratos for each classifier in both the control arm and the test set of
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the cross-validation are shown in Figure 15.  This shows that apparent differences in
performance in Kaplan-Meier plots showing the whole treatment and control arins are not
always maintained when performance is assessed by cross-validation methods. In addition.
it is further evidence that it is possible to construct many different classifiers. using different

sets of features, which have similar perforimance characteristics, even in cross-validation.

Note that the training ser may have unequal numbers of members of the “Quick” and
“Slow™ classes. To address the question of unequal group sizes. the relative reference group
sizes we selected were partially a result of the distibution of recurrence times that we had in
the treatment arm., There happened to be many patients with recwurence times between 250
and 275 days, probably because it coincided with a planned MRI/CT assessment. So. there
did not seem to be an appropriate place to split the group between those times. However, we
decided thar it was better take a larger early recwurence group anyway and so we preferred to
have more in this group. A K-nearest neighbor classification algorithm can be adjusted to
take into account different group sizes in the reference set. so it is not. in principle, a problem

to have unequal group sizes in the training set.

Practical, Useful Tests

As noted throughout this disclosure, practical useful tests follow from the discoveries
of this disclosure. Oune aspect is that the testing method of the invention identifies whether a
particular cancer patient is a member of a group of cancer patients that are likely, or not
likely. to benefit from administration of a yeast-based immune response generating therapy
either alone or in addition to other therapies. Yet another aspect is that the testing method of
the invention identifies whether a particular cancer patient is a member of a group of cancer
patients that are likely. or not likely, to benefit from administation of yeast-based
immunotherapy for mutated Ras-positive cancer. such as GI-4000. either alone or in addition

to other therapies. This identification can be made in advance of weatment.

In one example the method includes the steps of: a) obtaining a blood-derived sample
from the patient; b) obtaining a mass-spectrum of the blood-based sample with the aid of a
mass spectrometer: ¢) in a programmed cowmputer, performing predefined pre-processing
steps on the mass spectium, obtaining integrated intensity values of selected features in the

spectrum over predefined ny/z ranges after the pre-processing steps are performed, and
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comparing the integrated intensity values with a training set comprising class-labeled specira
from other cancer patients and classifying the mass specuum with a class label. The class
label assigned to the spectruin is used to predict whether the patient is likely or not likely to
benefit from treatment in the form of administration of a yeast-based immune response

generating therapy either alone or in addition to other therapies.

In another example the method includes the steps of: a) obtaining a blood-derived
sample from the patient: b) obtaining a mass-spectrum of the blood-based sample with the
aid of a mass spectrometer; ¢) in a programmed computer. performing predefined pre-
processing steps on the mass spectium, obtaining integrated intensity values of selected
features in the specttum over predefined nyz ranges after the pre-processing steps are
performed, and comparing the integrated intensity values with a training set comprising class-
labeled spectra from other cancer patients and classifying the mass spectrum with a class
label. The class label assigned to the spectrum is used to predict whether the patient is likely
or not likely to benefit from treatment in the form of administration of a yeast-based

immunotherapy for mutated Ras-positive cancer, either alone or in addition to other therapies.
The test is illustrated in flow chart form m Figure 11 as a process 300.

At step 302. a blood-derived sample is obtained from the patient. The sample in this
example is plasma, after some processing steps on the sample (e.g.. plasma obtained from
whole blood by a prior density-separation method). In one embodiment, the blood-derived
samples are separated into three aliquots and the mass spectrometry and subsequent steps
304, 306 (including sub-steps 308, 310 and 312). 314, 316 and 318 are performed
independently on each of the aliquots. The number of aliquots can vary, for example there

may be 4, 5 or 10 aliquots, and each aliquot is subject to the subsequent processing steps.

At step 304, the sample (aliquot) is subject to mass spectrometry. A prefeired method
of mass spectrometry is matrix assisted laser desorption ionization (MALDI) time of flight
(TOF) mass spectrometry, but other methods are possible, including the so-called
“DeepMALDI™ method of mass spectrometry disclosed in pending US patent provisional
application 61/652,394 filed May 29, 2012, the content of which is incorporated by reference
herein (see description below). Mass spectrometry produces mass spectra consisting of data
points that represent intensity values at a multitude of mass/charge (mv/z) values. as is
conventional in the art. In one example embodiment, the samples are thawed and centrifuged

at 1500 rpm for five minutes at four degrees Celsius. Fuwrther, the samples may be diluted
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1:10. or 1:5, in MilliQ water. Diluted sauples may be spotted in randomly allocated
positions on a MALDI plate in triplicate (1.e.. on tluee different MALDI targets or “spots” as
they are known in the art). After 0.75 ul of diluted sample is spotted on a MALDI plate, 0.75
ul of 35 mg/mi sinapinic acid (in 50 % acetonitrile and 0.1% tifluoroacetic acid (TFA)) may
be added and mixed by pipetting up and down five times. Plates may be aliowed to dry at
room temperature. It should be understood that other techniques and procedures may be
utilized for preparing and processing samples in accordance with the principles of the present

invention.

Mass spectra may be acquired for positive ions in linear mode using a Voyager DE-
PRO or DE-STR MALDI TOF mass spectrometer with automated or manual collection of the
spectra. (Of cowrse. other MALDI TOF instrunents could be used, e.g.. insuuments of
Bruker Corporation). Seventy five or one hundred spectra are collected from seven or five
positions within each MALDI spot in order to generate an average of 2,000 spectra for each
sample specimen. Spectra are externally calibrated using a mixture of protein standards

(Insulin (bovine), thioredoxin (E. coli). and Apomyglobin (equine)).

Note that the DeepMALDI methods may be used in step 304, see description below,
either over one MALDI plate spot or over several MALDI plate spots.

At step 306, the spectra obtained in step 304 are subject to one or more pre-defined
pre-processing steps. The pre-processing steps 306 are implemented in a general purpose
computer using software instructions that operate on the mass spectral data obtained in step
304. The pre-processing steps 306 include background subtraction (step 308). normalization
(step 310) and alignment (step 312). The step of background subtraction preferably involves
generating a robust, asymunetrical estimate of background in the spectrum and subtracts the
backeround from the spectrum. Step 308 uses the background subtraction techniques
described in U.S patent 7,736.905, which is incorporated by reference berein. The
normalization step 310 involves a normalization of the background subtracted spectium.
The normalization can take the form of a partial ion current normalization, or a total ion
cwirent normalization, as described in U.S. Patent 7.736,905. Step 312 as described in U.S.
7.736.905 aligns the normalized. background subtracted spectrumn to a predefined mass scale,
which can be obtained from investigation of the spectra in the training set used by the
classifier. The preprocessing steps are also described in some detail in the above discussion

of the GI-4000 + gemcitabine clinical study. However. the specifics of the pre-processing,
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e.g., features or spectral regions used for partial ion current normalization and aligninent,

may vary.

Once the pre-processing steps 306 are performed, the process 300 proceeds to step
314 of obtaining integrated intensities in the spectrum over predefined mvz ranges. The
normalized and background subtracted intensity values may be integrated over these m/z
ranges. This integrated value (i.e.. the sumn of intensities within the corresponding predefined
m/z range) is assigned to a feature. Predefined myz ranges may be defined as the interval
around the average ny/z position of the cotresponding feature with a width corresponding to

the peak width at this vz position. This step is also disclosed in fiuther detail in U.S. patent
7,736,905,

At step 314, in one possible embodiment the integrated values of intensities in the

spectrum are obtained at one or more of the following m/z ranges:
Table3

5732 10 5795

5811 to 5875

6398 1o 6469

11376 to0 11515

11459 t0 11599

1161410 11756

11687 to 11831

11830 to 11976

12375 t0 12529

65902 to 67502.
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In one embodiment, values are obtained up to eight nvz ranges centered at or
encompassing the peaks listed in Table 4 below. The significance, and methods of discovery
of these peaks, is explained in the U.S. patent 7,736,905, and in US application serial no.
12/932.295 filed February 22. 2011. published as US 2011/0208433. the contents of which
are incorporated by reference herein. In practice the above widths (ranges) or peak positions
in Tables 3 and 4 may vary slightly, e.g., due to variation in how spectral alignment is
performed. It has been further noted that using the “DeepMALDTI” technique (see description
below) many features are revealed in the spectrum which could be used for classification.
For dilute and shoot mass spectrometry one or more of the peaks of Table 1 could be used for
classification, or combinations of the features of Table 1 and Tables 3 and 4. It has been
further noted that using the “DeepMALDI” technique many features are revealed in the

spectruin, combinations of which could be used for classification, see Tables 2. 5 and 6 and

the examples of Figures 4A-4H described above.

At step 316, the values obtained at step 314 are supplied to a classifier, which in the
illustrated embodiment is a K-nearest neighbor (KNN) classifier. The classifier makes use of
a training set of class labeled spectra from a multitude of other patients. The training set will
include class-labeled spectra from patients that either benefitted or did not benefit from
immune response generating therapies. such as yeast-based immunotherapy for cancer, which
may be veast-based inununotherapy for mutated Ras-positive cancer. either alone or in
combination with other anti-cancer therapy. For example, the waining set in the GI-4000
study described in the working example above included class-labeled spectra that were in the
“Quick” and “Slow” time to recurrence groups. The class labels assigned to such spectra
would take the form of “Quick™, “Slow”. or the equivalent. such as for example “benefitted”.
“non-responder™, “good”. “poor”, etc. The application of the KINN classification algorithmn to
the values at 314 and the waining set is essentially a distance calculation and majority vote
algorithm from comparison of integrated intensity values with predefined spectral features in
a multidimensional feature space, as explained in U.S. patent 7,736,905. Other classifiers can

be used, including a probabilistic KNN classifier, support vector machine, or other classifier.

At step 318, the classifier produces a label for the spectium. e.g., “Quick” or “Slow”.
The method can be performed with a single aliquot, or with the sample separated into three
aliquots. in which steps 304-318 are performed in parallel on the three separate aliquots from
a given patient sample (or whatever number of aliquots is used). At step 320, a check is

made to determine whether all the aliquots produce the saine class label. If not. an undefined
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(or Indeterminate) result is returned as indicated at step 322. If all aliquots produce the same

label, the label is reported as indicated at step 324,

As described in this document. the class label reported at step 324 is then used to
guide the treatment of the patient. For example, those pancreatic cancer patients labeled
“Quick” in accordance with the classification step are predicted as being unlikely o benefit
from treatment from immune response generating therapies, such as yeast-based
immunotherapy for cancer. which may be yeast-based immunotherapy for mutated Ras-
positive cancer, either alone or in combination with other anti-cancer agents including
gemcitabine. As another example. if the class label for the spectrum of the pancreatic cancer
patient after classification is identified as “Slow” in accordance with the test, then the patient
is predicted as likely to benefit from imunune response generating therapies, such as yeast-
based inmmunotherapy for cancer, which may Le yeast-based immunotherapy for mutated
Ras-positive cancer, either alone or in combination with gemcitabine. and the patient
proceeds to be treated by administration with the inunune response generating therapy, such
as yeast-based imununotherapy for cancer, which may be yeast-based immmunotherapy for

mutated Ras-positive cancer, alone or in combination with gemcitabine.

It will be understood that steps 306, 314, 316 and 318 are typically performed in a
programumed general purpose computer using software coding the pre-processing steps 306,
the obraining of integrated intensity values in step 314, the application of the KNN
classification algorithm in step 316 and the generation of the class label in step 318. The
training set of class labeled spectra used in step 316 is stored in memory in the computer or in

a memory accessible to the computer.

The method and programmied computer may be advantageously implemented at a

laboratory test processing center as described in U.S. patent 7,736.905.
Table 4: Peaks used in classification.

Peak number nvz

[39)
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4 11685
5 11759
6 11903
7 12452
8 12579

Note: the nvz values of the peaks identified in Table 4 may be subject to slight shifting to
higher or lower ny/z values depending on the spectral alignment process which is used to
align all the spectra used in the training set, and in aligning the test spectrum in pre-

processing.

Figure 12 is a schematic block diagram of a laboratory test processing system 400
which may be used to practice the methods of this disclosure. The system 400 may be
impleniented in a laboratory fumctioning as a laboratory test processing center for a multitude
of patient samples, e.g., in a test service provider business. The system 400 receives a blood-
derived sample 402, which may be whole blood. plasma, serum, or plasmna after performance
of other processing steps. e.g. plasma obtained from whole blood by a prior densiry-based
separation method. The sample is diluted and aliquoted using procedures described above
o1to one or more spots of a MALDI-TOF pate 404 which is then inserted into a MALDI-TOF
mass spectrometer 406, The mass spectrometer generates a mass spectrum 408, which is in
the form of data pairs (mv/z position, intensity) as is conventional. The mass spectral data is
then stored in digital form in a database or machine readable memory 410. The memory 410
is accessible a general purpose computer 414, e.g., via a local area network, the details of
which are not important. The memory 410 fiuther stores the class-labeled spectra of a
training set 412. The computer 410 implements software instructions for performing the pre-
processing steps on the spectrum 408 (background subtraction, normalization and aligmmnent)
and code for executing a classification algorithm (e.g. K-nearest neighbor) with respect to the
spectrum after pre-processing and using the training set data 412. The computer then
generates a class label for the spectrum 408 as explained in Figure 11, which is used to guide

treatment as disclosed herein.

The test system 400 can receive mass spectral data from a remote MALDI-TOF

instrument 420 via a computer network 422 and perform steps 304-324 of Figwre 11. The
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MALDI-TOF instrument could be associated with a remote clinic, lospital. or laboratory,
which way or may not be affiliated with the entity that is implementing the classification
computer 414, however to ensure standardization and reproducibility normally the same
entity that performs classification and generation of the class label will also be performing the

mass spectrometry of the patient sample.

“DeepMALDI” methods for obtaining mass spectra

In MALDI (matrix assisted laser desorption ionization) TOF (tine-of-flight) mass
spectrometry, a sample/matiix mixture is placed on a defined location (“spot”. or “sample
spot” herein) on a metal plate. known as a MALDI plate. A laser beam is directed onto a
location on the spot for a very brief instant (known as a “shot”), causing desorption and
jonization of molecules or other components of the sample. The sample components “fly” to
an ion detector. The instnunent measures mass to charge ratio (n/z) and relative tensity of

the components (molecules) i the sample in the form of a mass spectrum.

Typically, in a MALDI-TOF measurenient. there are several hundred shots applied to
each spot on the MALDI plate and the resulting spectra (one per shot) are summed or

averaged to produce an overall mass spectrum for each spot.

The conventional wisdom, at least in the area of MALDI-TOF mass spectromeiry of
complex biological samples such as serum and plasma. is that there is no need to subject the
sample to more than roughly 1.000 shots, otherwise the protein content is depleted, the laser
and detector in the instrument are subject to undue wear, and furthermore that additional
shots would not reveal a significant amount of additional information regarding the sample.
Hence, it is common to use 500-1000 shots per sample spot when obtaining mass
spectrometry data from complex biological samples. e.g. during biomarker discovery

researcl.

In recent exploratory studies. we have discovered that collecting and averaging many
(more than 20,000, and typically 100,000 to 500.000) shots from the same MALDI spot or
from the combination of accumulated spectra from multiple spots of the same sample, leads
to a reduction in the relative level of noise vs. signal and that significant amount of additional
spectral information from mass spectrometry of complex biological samples is revealed.

Moreover, a variety of standard paradigins using MALDI TOF MS appear to be plain wrong.
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First, it is possible to run hundreds of thousands of shots on a single spot before the protein
content on the spot is completely depleted. Second, the reduction of noise via averaging
many shots leads to the appearance of previously invisible peaks (i.e.. peaks not apparent at
1,000 shots). Third. even previously visible peaks become better defined and allow for more
reliable measurements of peak intensity and comparisons between samples when the sample

is subject to a very large number of shots (tmuch more than 1,000).

As one example. it has been discovered that subjecting a complex biological sample
such as a blood-based sample to a large number of shots on a single spot (> 20,000 and even
100,000 and 500.000 shots) in MALDI-TOF mass spectrometry leads to a reduction in the
noise level and the revealing of previously invisible peaks (i.e., peaks not apparent at 2,000
shots). Moreover, this can be done without depletion of the protein content of the sample.
Additionally. previously visible peaks become better defined and allow for more reliable
comparisons between samples. In standard spectra of blood-based samples (~1,000 shots).
typically 60-80 peaks are visible, whereas with 200,000 shots typically ~200-220 peaks are
visible, with 500.000 shots typically ~450-480 peaks are visible, and with 2,800,000 shots
typically ~760 peaks are visible. It should be understood that the number of peaks reported
here is related ro MALDI-TOF instrument settings and these numbers are only a rough guide;
depending on instrument settings and also on particular peak detection algorithms (and of
course the actual sample) more or fewer peaks will be visible, It also must be noted that the
quality of peaks and the quantification of intensity (related to abundance) is also better at

least under some measure, as is illustrated in Figures 16A-16D discussed below,

The peaks revealed at, for example, 200,000 shots are believed to correspond to
minute quantities of intact (undigested) proteins present in the senun sample. Using the
techniques described herein and what is referred to herein as the “DeepMALDI” approach
(i.e.. greater than 20,000 shots per spot, and preferably roughly 250,000 to 750,000 or more
shots from the same spot or from the combination of multiple spots), it is believed that a very
large number of proteins, and possibly at least half of all the proteins present in a serum
sample, can be detected in a semi-quantitative and reproducible fashion. The detection in a
semi-quantitative fashion means that the measwrements of intensity (peak height, area under
the peak) are related to the absolute abundance or concentration of the proteins in the sample.
The detection in a reproducible fashion means that one can measure the same sample many

times and one obtains the same results within some acceptable coefficient of variation.
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Obtaining more than 20,000 shots from a single MALDI spot can exceed the
parameters of a modermn MALDI-TOF machine: however we describe in this docunent
several methods of working around this limitation. Ideally, the MALDI-TOF instiument is
designed to accommodate the “DeepMALDI" approach described in this document. and
several specific proposals for such a machine are offered in the following description,
including autommated raster scanning features and capability of performing vastly more shots

on a single spot.

The most pressing issue using many hundreds of thousands of shots from a MALDI
sample spot is that in common spot preparation only some shot locations within a spot yield
sufficient ion cwrent to contribute substantially to signal in a combined spectrum. While
initial results have Deen obtained using a labor intensive manual process to visually select
high ion yield locations within a given spot on a MALDI plate for laser shots, and it is
possible to proceed with thi§ approach, automation of the process to select locations for laser
shots is possible and preferred for a high throughput implementation of the invention (if not
for the simple reason to not waste too many laser shots and degrade the laser life time
substantially). An alternative approach is to improve the quality of MALDI spots in such a
way that most randomly selected locations yield a high ion cwrent. Both approaches are

useful in the generation of DeepMALDI spectra.

Several methods for automation of spectral acquisition are described in this section of
this document. Automation of the acquisition may include defining optimal movement
patterns of the laser scanning of the spot in a raster fashion, and generation of a specified
sequence for multiple raster scans at discrete X/Y coordinate locations within a spot to result
in say 750.000 or 3.000.000 shots from one or more spots. For example, spectra acquired
from 250,000 shots per each of four sample spots can be combined into a 1,000,000 shot
specttum. As mentioned previously. hundreds of thousands of shots to millions of shots
collected on multiple spots containing the same sample can be averaged together to create
one spectrum. One nethod of automation involves the generation of raster files for non-
contignous X/Y raster scanning of a sample spot. Another method involves dividing the spot
into a grid of sub-spots (e.g.. a 3X3 or 5X5 grid) and generating raster files for raster
scanning at discrete X/Y coordinate locations of the sub-spots. A third method is disclosed
using image analysis techniques to identify areas of interest containing relatively high

coucenmations of sample material for spectral acquisition (multiple shots) and/or those areas
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where the protein concentration is relatively low, and perforining spectral acquisition in the

areas with relatively high protein concentration.

An optimizing the process of sample application to the MALDI plate (“spotting™) to
produce uniform, homogeneous crystals of the sample/matix within a single spot is
described below. This process facilitates obtaining hundreds of thousands of shots from a

single spot on the MALDI plate using automated methods.

This discovery and methods of this disclosure has many applications, including
biomarker discovery, test development, substance testing, validation of existing tests, and
hypothesis generation. e.g.. in biomarker discovery efforts. It is specifically contemplated
that the methods are applicable to the predictive tests described elsewlere in this document.
The methods fiuther enhance the potential of “dilute and shoot” methods in mass
spectrometry research by its ability to reproducibly quantify the amount of many more
proteins in a compplex sample in a high throughput fashion, as compared to cusrent

methodologies.
Terminology used in this section of this docwnent:

1. The term “wansient spectru” refers to the specttum obtained from a single
packet of laser shots directed to a single location or x/y position (each packet consists of a

detined number of shots, e.g., 100, 500, 800 shots. etc.) in a MALDI spot.

2. The term “location spectium”™ refers to the cumulative swn of one or more

transient spectra while the laser shoots x times at the same location in a MALDI spet.

-

3. The term “spot specttum” refers to the sum of all the location spectra acquired
during shooting over an entire, single MALDI spot. The spot spectrun can be obtained using
solely a sumining operation to sum the location spectra, or obtained using a summing
operation after performing alignment and/or normalization operations (e.g., total ion curent
normalization) on the location spectra. The spot spectium can be typically obtained from
100,000 to 500,000 shots ou the MAILDI spot. Other options for obtaining the spot spectrum
are possible, including a) performing background subtraction and normalization on the
location spectra and then summing; b) performing background subiraction and alignment on
the location spectra and then sumiming: ¢) performing background subtraction, alignment. and
normalization of the location spectra and then summing. We have found that the best

dynamic range is achieved by total ion cwrent normalization (for details see U.S. Patent
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7.736.,905) of location spectra and then sumining: any background subtraction would be done

in the spot spectrum.

4. The term “shot location” refers to a given location where the laser beam intercepts
a MALDI spot for shooting. In order to obtain 200,000 or 500,000 shots per MALDI spot the
laser beawm is directed over the MALDI spot to a multitude (e.g., hundreds) of individual shot
locations. e.g.. manually, or more preferably in an automated fashion using raster scanning of
the laser beam over the spot. As explained below. the raster pattern design is important as it
is generally undesirable to shoot inunediately adjacent spot locations sequentially. Hence,
the raster pattern design sequentially selects shot locations that have some spatial separation
and repeats the scanning over the entire MALDI spot in a spatially shifted manner to avoid

sequential shooting of immediately adjacent locations in the spot.

5. The term “transient spectnum filtering” refers to a filtering or selection process
that is used to either accept or reject a transient spectum. As an example, in transient
spectrum filtering. in order for a transient spectriun to be accepted a minimum number (e.g.,
5) of peaks within a predetermined n/z range must be present in the wansient spectrum, and
the signal to noise ratio in the transient spectrum must be above a specified threshold. Other
filtering criteria can also be used, such as the total ion current of a spectrun needs to exceed a
certain predefined threshold, or by using exclusion lists or inclusion lists as explained below.

The specuum filtering either accepts or rejects the transient spectrum in whole.

6. As used herein, the term “complex biological samples™ is defined as samples
containing hundreds or thousands of analytes, e.g., intact proteins, whose abundance is spread
over a large dynamic range. typically many orders of magnitude. Examples of such complex
biological samples include blood or components thereof (serum or plasma), lymph, ductal
fluids, cerebrospinal fluid. and expressed prostate serum. Such complex biological samples

could also consist of environmental or food samples.

An example of the spectral information revealed in the “DeepMALDI” method is
shown in Figures 16A-16E.  Figures 16A-16C are the plots of a selected mass/charge range
(w/z ratio 7,000 to 8,000) showing three spectra of the same sample (serum) illustrating the
increase in detectable peak content with increasing number of shots. The spectrum of Figure
16A resulted from 2.000 shots, the specttum of Figure 16B resulted from 100,000 shots. and
the spectrum of Figure 16C resulted from 500.000 shots. Note particularly how the

spectrum of Figure 16A appears essentially as noise and appears to contain little or no
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discernible spectral inforination of interest. Contrast Figure 16A with 16B in which the
spectrun of Figure 16B (spectrum obtained from 100,000 shots) contains many individual
peaks, e.g., the peaks identified at 10), that are not present in the spectrum of Figure 16A. In
the spectrum of Figure 16C, there are many peaks shown in the spectrum that are not shown
in the other spectra. or which might have been deemed as noise in the bottom spectrum.
Comparing Figures 16C and 16B to Figure 16A it is apparent that a wealth of spectral
information is revealed at 100.000 shots and 500,000 shots that is not present in the spectrum
of Figure 16A (2,000 shots). and that the noise level is reduced by the DeepMALDI method

as demonstrated in Figures 16B and 16C.

The spectra of Figures 16B are 16C increase the sensitivity of the spectra 10 a
dynamic range that can be specified and can allow one to cormrelate peak intensity to
abundance. It is possible to use peak inteusity to analyze a complex biological sample for
presence of a molecule at a given concentration. For example, in this method one would
define the molecule of interest (of known mass) in the sample, dope the specimen to a target
abundance level (molar concentrations. or ppm) and apply to a MALDI plate; perform a
number of shots on the plate (e.g.. more than 100,000) until the molecule is reliably present in
the spectrum (a peak at a known m/z position) at a particular abundance (intensity). and
record the number of shots (*x™). This procedure to generate whart is refeired to as a
“reference spectrum” would be subject to routine qualification and standardization methods
to ensure reliability, as would be apparent to persons skilled in the art. Then, a sample of
interest for testing would be subject 1o MALDI-TOF and x number of shots. If the resuiting
spectrun revealed that the intensity of the peak at the known position corresponding to the
molecule of interest was less than tlie intensity of the peak in the reference spectrum then the
concenmration of the molecule of interest in the sample is less than the concentration of the
molecule in the sample used in generation of the reference spectrum. This approach could be
used for multiple analytes simultaneously. Furthermore, multiple reference spectra could be
obtained for the molecule of interest over a range of known concentrations at x shots and the
test spectrum could be compared to the reference spectra to determine an approximate
concentration of the molecule of interest in the test sample. This method can be used for
many purposes. e.g., drug testing. e.g.. of an athlete, testing of metabolite concentration.
environmental sample testing, etc. The molecule of interest could be a protein, e.g.
metabolite, Cancer Antigen (CA) 123, prostate-specific antigen (PSA). C-reactive protein,

efc., in a mass range of approximartely 1K Daitons to 50 K Daltons.
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Figare 16D is an illustration of the enormous dynamic range in a spectium that is
revealed in the DeepMALDI approach. The inset in Figure 16D is a portion of a spectrum in
the 1w/z rvange Letween 7140 kDa and 7890 kDa showing the spectrum. and multitude of
peaks 10. obtained at about ~300.000 shots. A backgrownd estimate (dashed line) is
superimposed over the spectra, which could be subtracted out to produce a background
subtracted spectrum. Note that the spectimmn information in the inset and in particular many of
the peaks 10 are not visible in the main portion of Figure 16D. In Figure 16E, the spectrum is
shown in the inset with the Y axis amplified in order to show the additional spectral
information and in particular intensity information for peaks in the region of m/z around 9520
which are revealed with the DeepMAILDI method but which are not visible in a typical

~1,000 shot spectrum.

Figure 16A is a plan view of a MALDI-TOF target plate 12 containing 384 sample
spots or “spots” 14 arranged in a rectangular array. The spots are identified by column
numbers 1 ... 24 androws A ... P. e.g., the upper left spot is identified as Al. Figure 16B is
an enlarged view of an individual sample spot P1 (14) on which is superimposed an X/Y
coordinate system 16 having an origin (0.0). The sample spot 14 is shown divided into a 5X5
rectangular grid 23 individual sub-spots 18. The rectangular grids 18 and location coordinate
system 16 are used in an automated raster scanning approach to acquire 100,000 or more

shots from the spot as described in detail below.

It was initially noted that automated generation of a large number of shots (> 20,000)
is not absolutely necessary and existing features in currently available MALDI-TOF
instruments could be used. 1In general, in the present DeepMAIDI technique, it is important
to select locations on a MAILDI spot that produce a high protein yield when exposed to a
laser shot. The standard software in existing mass spectrometry instruments allows for
moving over a spot using regular pre-defined paths, i.e. square pattern, hexagonal pattern,
spiral pattern (from the center of a spot). Shot locations on a MALDT plate are defined in a
process called ‘teaching’, a part of the FlexControlTM (Bruker) mass spec control software
present in an existing MALDI-TOF instrument of Bruker Corporation. (While mention is
made herein occasionally to features of a Bruker Corporation instwment, the inventive
methods are of course not limited to any particular instrument or instrunents of a particular

manufacturer.)
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An example of a MALDI spot containing a specimen/matrix mixture evenly
distributed within the spot is shown in Figure 18. Mass spectrometry instruments from
Bruker Corporation include a built-in camera that shows areas of a MALDI spot: in manual
selection one would pick bright locations 30 to aim the laser at. Dark locations 32 should be
avoided. Sometimes bright locations do not produce good yields, which may be related to the
presence of salt crystals. Over the process of shooting, areas in a spot can become depleted;
hence dark areas (depleted areas with low yield) need to be avoided. The manual approach

would continue to acquire and display images of the spot over the cowrse of shiooting.

In the cowse of our preliminary experiments we found that it was becoming
increasingly harder to find good locations as more and more shots were used. This effect was
also seen when the same spot was used repeatedly. e.g. adding a second half million shots
following a previous half million shots. The second run did not result in as much a reduction
of noise level in mass spectra as was expected. In fact, the resulting averaged spectra may be
of worse overall quality. possibly arising from averaging shots from too many empty
locations. This might result in an acquisition bias towards early locations if using the eye
alone to select shot locations and accept or reject spectra and not using transient spectuim
filtering. and such bias needs to be controlled. If one uses automated raster scanning and

location spectruin filtering this bias is eliminated.

However, to increase throughput. it is desirable to automate the process of location
selection and obtain high numbers of shots from a given spot. Several methods are described
in the following section. Methods described below are capable of acquiring 750,000 shots
from a sample located on three spots (250,000 shots per spot) in a MALDI plate in 13-15

minutes. with the sample requirement of 3 microliters of serum.
Automation of spectra collection

While results have been obtained using a labor intensive manual process to visually
select locations within a given spot on a MALDI plate for multiple shots to yield 100.000 or
500,000 shots per spot. and it is possible to proceed with this approach, automation of the
process to select locations for laser shots is possible and several methods are described in this
document.  Automation of the acquisition may include defining optimal movement
patterns of the laser scanning of the spot in a raster fashion, and sequence generation for
multiple raster scans at discrete X/Y locations within a spot to result in, for example,

100.000. 250,000 or 500,000 shots from the sample spot. One method of automation
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involves the generation of raster files for non-contignous X/Y raster scanning of a sample
spot.  The raster pattern design is important, as it is generally undesirable to shoot
immediately adjacent spot locations sequentially.  Hence the raster pattern design
sequentially selects shot locations that have some spatial separation and repeats the scanning
over the entire MALDI spot in a spatially shitted mamner to avoid sequential shooting of

immediately adjacent locations in the spot and to select new shot locations.

Another method involves dividing the spot into a grid of sub-spots (e.g., a 3X3 or 5X5
erid) (see Figure 17B) and generating of raster scanning files for raster scanning at discrete

X/Y locations of the sub-spots.

A third method is disclosed using image analysis techniques to identify areas of
interest containing relatively high concentrations of sample material for spectral acquisition
(multiple shots) and/or those areas where the sample (e.g., protein) concentration is relatively
low, and avoiding spectral acquisition in areas of relatively low sample (e.g., protein)

concentration.
A. Raster scanning of non-contiguous X-Y coordinates

One method of automation of the process of obtaining a large number of shots from a
spot involves the generation of raster files for non-contiguous X/Y raster scanning of a

sample spot. This will be described in conjunction with Figures 19 and 20.

Figure 19 is an illuswation of a raster scanning pattern 500 for use in obtaining
100,000 or more shots from the spot 14 of Figure 18. The spot 14 is raster scanned multiple
times, e.g., 25 times in a sequential fashion. The symbol sets 502 shown in Figure 19 depict
individual, discrete X/Y locations where the spot is scanned (shot) in a single raster scan.
The X/Y locations are defined according to a coordinate system shown in the Figure having
an origin at the center (position 0.0). Dwing scanning, when the laser is directed to each
location, the sample at that location can be subject to a great many shots, e.g., 700 or 800
shots per position/location. Omne will note from the pattern shown in Figure 19 that each
raster scan comnsists of shooting at individual, discrete locations within the spot. The
individual raster scans are implemented sequentially thereby avoiding shooting immediately
adjacent locations in the spot. Figure 20 shows the superposition of the raster patterns of

Figure 19 over the spot of Figure 18.
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A procedure for generation of 25 raster files with non-contiguous X/Y coordinates for
raster scanning as shown in Figure 19 is described in the appendix to U.S. Provisional
Application 61/652.394 filed May 29, 2012 and the interested reader is directed to that

document for further reference.
B. Use of grids to separate a spot into sub-spots and raster scanning of sub-spots

An objective of this method is to automate the process of manually selecting
locations/rasters on a sample spot (i.e. spot Al, spot A2. etc.) that result in "acceptable”
spectra during data acquisition and to do this until several hundred thousand spectra have
been added to the sum buffer. Summing up/averaging several hundred thousand spectra
increases the signal to noise ratio, and therefore allows for the detection of significantly more

peaks, as described previously.

As is the case with non-contiguous raster scanning described above, the use of grids
as described in this section works best when the sample/matrix mixture is substantially
evenly and homogeneously distributed over the entire spot, as shown in Figure 18. A
presently preferred method for achieving this is described later in this docunient for dilute-
and-shoot serum and sinapinic acid (matiix). Because of this even distribution, we can
therefore acquire spectra fiom virtually all locations/rasters on the sample spot, which
eliminates the need for a precursory evaluation of all locations/rasters for “acceptable”

spectra.

Collecting several hundred thousand spectra on a sample spot can be achieved by
defining a grid (Figwre 17B) that subdivides the spot 14 into sub-spots or grid elements 18,
that covers the sample spot, and collecting a defined number of spectra from each
location/grid point/raster within each sub-spot 18 until the desired number of spectra have
been added to the sum buffer. Previous versions of the Bruker sottware only allowed for the
summation of a maximum of 20,000 total spectra per sample spot in automatic mode (Figure
21).

To circumvent this limitation we initially defined a 5 by 5 grid area (Figwe 17B, 16)
that divides each sample spot into twenty-five 8 x 8 grids or sub-spots 18 (Figure 17B). A
separate raster file is generated for each grid or sub-spot 18. The instrument is instructed to
acquire 800 spectra (shots) at each location/raster within a grid 18 until 20,000 spectra have

been added to the (spectrum) sum buffer. At that time. the automatic method will instruct the
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instrument to move to the next grid or sub-spot 18 and use the next raster file and generate
another 20,000 spectra. In practice, one designs 25 raster files, one for each sub-spot 18,
each of which is attached to a separate autoExecuteTM (Bruker) method that acquires data

according fo evaluation criteria setup within the method.

This procedure permits acquisition of 500,000 shot spectra (20.000 shot spectra per
grid x 25 grids) in batches of 20,000 shots each using Bruker's flexcontrol TM software tools
without having to use imaging applications such as flexImagingTM (Bruker). The result of
this procedure is 25 specta files for one sample spot each coutaining one summed spectaum
composed of 20.000 shot spectra, These 25 spectra files can then be summed to produce an
overall spectrum for a single spot on a MALDI plate obtained from 500,000 shots. e.g.. as

shown in Figures 16C, 16D and 16E.

The most recent version of flexcontrol TM (Bruker) allows one to accumulate a
sununed spectra from up to 500.000 shots. For example, in Figure 21 the autoExecuteTM
(Bruker) method editor allows the sununation of 20,000 shots in 800 shot steps (800 shots per

location/raster).

However, one can only collect one summed spectra (sum of x fransient spectra) per
sample spot. To acquire several batches of sumied spectra from a single sample spot, we
had to make adjustments to existing software featwes in the MS instument. With these
adjustments we can acquire spectra from one or several rasters that makes up a grid such as
the ones described above, and save each transient or location spectium individually. For
instance. the instrument can be instructed to coliect and save each 800 shot location spectra
acquired at each raster (x.y position) in the grid or sub-spot 18 in Fig. 17B without having to
add to the sum buffer. The same process is repeated for all the sub-spots within the sample
spots Al, A2, A3 etc. (e.g. 800 shot spectra can be acquired from 250 rasters per saniple spot
= 200,000 shots per sample spot). The location spectra can be acquired with or without

applying spectium filtering in autoExecute TM (Bruker).
C. Image analysis

One option for automation of spectral acquisition is image processing techniques to
identify spatial locations on a spot with high protein yield/high sample concentration
particularly in the situation where the sample is not spatially evenly distributed over the spot

and instead is concentrated in discrete areas. In one possible embodiment, the camera
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included in the instrinuent is used to acquire an optical image of a training spot. Then, mass
spectra are acquired from a raster of locations on the training spot. Resulting mass spectra
are used, in combination with the optical image of the spot, to generate a classification
mechanism to detect, from the optical image, high yield locations of further spots prepared
from a given sample preparation. This classification would then be applied to the actual
sample spots. While this is an elegant solution, we encountered issues with capturing the
camera feed, and the repeatable calibration of locations from camera images to laser shot

locations.

An alternative method is to investigate a spot using the mass spectrometer directly in
the form of a mass spectral imaging approach. The idea is to first run a preliminary scan and
shoot a low number of shots (dozens) at each location of a fine scale (square) pattern on a
spot. Spectra will be collected for each of these raster locations, and the total ion current. or
ion current within some predefined range of nvz, will be recorded for each location. A new
raster file will be generated based on the N highest intensity locations from the preliminary
scan run, and used in the final acquisition of mass spectra. This approach utilizes the Bruker
FlexImagingTM software as the most feasible solution to generate multiple spectra in the
mass spec imaging run. Software analyzes these spectra, and generates a final raster scan
pattern. While this method will likely be useful for standard dilute and shoot processes using
sinapinic acid as a matix. it might be suboptimal for other matrices and for pre-fractionated
sample sets (e.g. CLCCA, see Leszyk, J.D. Evaluation of the new MALDI Matrix 4-Chloro-
a-Cyanocinnamic Acid. J. Biomolecular Techniques, 21:81-91 (2010)), and other methods
like NOG precipitation (Zhang N.et al.. Effects of common swfactants on protein digestion
and matrix-assisted laser desorption/ionization mass spectrometric analysis of the digested
peptides using two-layer sample preparation. Rapid Commun. Mass Spectrom. 18:889-896
(2004)). An important aspect of this alternative method is to find acquisition settings in the
MS imaging part so as to not generate too large files. A standard acquisition file is of the
order of one megabyte. and for a 400 by 400 raster scan (400 locations, 400 shots per
location) we generate 16,000 spectra. As the requirements for these spectra are not onerous at
all, and we only need to estimate the total ion cwrent, we can work with low resolution
settings. It may be possible to directly obtain a list of usable locations from automatic
spectral acquisition settings, i.e. gefting a list of successful or failed acquisitions. From our
investigations it appears that it may be possible to use mass filtering as part of the MS

imaging package to generate a list of locations (recognized via a file list) that pass certain
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criteria. While this will greatly help with the generation of a prorotype workflow, it will need

to be optimized via specialized software to avoid a semi-manual process.

Figwre 22 shows a region of a MALDI spot using CLCCA as a matrix, where the high
yield areas consist of linear structures and areas of low yield are shown as dark areas. For
these cases, where the matrix sample crystallizes very unevenly, like shown in Figure 20, the
image analysis approach seems most sensible. The image analysis identifies the relatively
high yield areas (120, 122). The relatively low yield areas, such as the areas 124 on the
lower left and the matrix avea 126 are identified by the image analysis software and are

ignored during shooting.

The image analysis software to identify high and low yield areas on a spot could rake
a variety of forms, and can be developed by persons skilled in the art. For example, the black
and white image of the spot (Figure 19) consists of an array of pixels. each having an 8 bit
quantized value. with 0 being black (no signal) and 255 being white (saturated). The filtering
can be used to identify areas of relatively high yield, such as by identifying pixels with a
pixel value greater than say 100 being identified as “high yield” and pixels having a pixel
value lower than 40 being identified as relatively “low yield”. The scanning then proceeds to
those areas of the sample spot in which the corresponding pixel has a value of 100 or more. It
may also be possible to filter out spot locations in which the pixel value is 240-255 as such
areas may be determined to have salt crystals or other properties that result in low yield.
Referring again to Figure 22, the pixels for the crystalline structures 120, 122 have pixel
values falling in the range of 100-240 and thus would be scanned whereas the black areas 124
and 126 would not be. Morphological processing techniques could also be used to identity
structures such as the crystals 120 of Figure 22. The image analysis software could include
both morphological processing and filtering to determine areas to scan. Additionally. the
spot can change during the cowrse of scanning (due to depletion of the sample) and the image
processing can be run during the scanning to optimize the shooting over the cowrse of
generating 100,000 or more shots from a spot. and those locations of low sample

concentration avoided during shooting.

Figure 23 is a screen shot from a MALDI-TOF instrument showing the display of the
instrument workstation 130, including an image 132 of a spot 14, in this case spot F17 of the

plate. The layout of the plate is shown at 12", with the spot F17 indicated at 14’. A group of
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spots 134 (D9 to F20) are selected for running in an automatic mode using the image analysis

method described above.

Figwre 24 is another screen shot from the instrument. Current instruments allow the
user 10 set evaluation regions to accept or reject transient spectra (using the Evaluation tab),
set how many specma to accumulate per spot (using the Accumulation tab) and “move”
across the spot so that the laser can fire in a certain pattern (using the “Movement” tab.
shown). The options include random walk or movement in pattein. e.g., hexagon or spiral.
The software also allows the user to keep firing the laser and acquiring and adding to the total
spectra according to such parameters wntil spectra from 750 shots are collected from a shot
location, and then move to the next shot location. One can set the number of tries before the
shot location is considered a failed spot. The image analysis methods in which likely areas of
low yield are identified. and shooting in those areas avoided. helps in considerably reducing

or eliminating those failed judgments.

Figure 25 shows an evaluation page where a mass range for accepting or rejecting
transient spectra is selected. as indicated at 150. During acquisition, if a transient spectra
does not have peaks in the predefined range — in this case 5,000 to 18.000 Da, that pass the
threshold set (based on resolution, signal intensity or other factors), then it will be rejected.
That is, the transient spectra will not be added to the sum buffer fo form the location spectriun

(summing the spectra from all of the shots).

Figure 26 shows an evaluation page where if there are specific peaks that one does not
want included in the evaluation one can make an exclusion list and tag these peaks as
“background peaks.” The software has predefined “control lists” for matrices which define

background peaks. or one can import a peak list.
Collection of Spectra from multiple spots

In general, one can extend the DeepMALDI technique to combining spectra from
multipie spots. For example, one can obtain 500,000 shots of a sample from each of the spots
Al, A2, A3, A4 and A5 on a standard MALDI plate (See Figure 17A), aud combine (sum)
the resulting spectra into one overall spectrum consisting of a sum of 2,500,000 spectra
(shots). A priori, there is no reason to believe that one could not combine spectra from

multiple spots to reach extremely high number of shots, i.e., 100 spots x 1 million shots each
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could give us results from 100 million shots. There may be practical limits to this procedure,

e.g., the laser may fail too often.
Example of collection of spectra from multiple spots in DeepMATDI

In one example of this method, it is possible to collect spectra from 5 million shots
from multiple spots of the same serum on a MALDI plate, using manually or automatically
generated rasters for scanning the multiple spots using the rechniques described previously.
In this method. it is preferred to obtain reproducibly homogenous spots of a single sample on

the MALDI plate. This can be achieved using the methods described herein.
1. Spotting diluted serum onto MALDI target plate.
Procedwe:

Dilute serum 1:10 with HPLC grade water and vortex. Mix sample with matrix (20 mg/ml
sinapinic acid in 50%ACN/0.1%TFA) 1:1 (v/v) in a 0.5 ml microfuge tube and vortex. Spot 4

unl of the matrix/sample mixture onto one or more spots on the MALDI target.
Thirty six spots (locations) in the MALDI plate were used in this example:
Tube 1: spotted on locations E13, E14, and E15 of MALDI plate (See Fig. 2A)
Tube 2: spotted on locations E16. E17, and E18

Tube 3: spotted on locations E19, E20, and E21

Tube 4: spotted on locations E22, E23, and E24

Tube 5: spotted on locations F1. F2, and F3

Tube 6: spotted on locations F4, F5. and F6

Tube 7: spotted on locations F7. F8. and F9

Tube 8: spotted on locations F10, F11, and F12

Tube 9: spotted on locations F13, Fl4, and F15

Tube 10: spotted on locations F16, F17, and F18

Tube 11: spotted on locations F19, F20, and F21
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Tube 12: spotted on locations F22, F23, and F24

Sample spots E13 to F18 (Tubes 1-10) were directly applied after vortexing using the same
pipette tip 3 times ( 3 x 4ul of 15 ul in each rube; while the last six samples spots F19-F24

(Tubes 11 and 12) were applied as in spots E13-F18, but also pipetted up and down on plate.

Spots on MALDI plate were allowed to dry at ambient temperature by placing target plate on

bench-top.
Result;

For spots E13 1o F17 (which were directly applied to plate with no further on-plate
mixing) the third spot from each tube was clearly more homogenous than the first two.
Homogeneity was assessed visually: third spot is best, second spot is second best, first spot is
the least homogenous, with the exception of E23 which is from second of three spots from

tube 4, but looked more like the third spotting from each tube than the second spottings.

Sample spots F18. F19, F20,F21. F23 and F24. which were mixed by vortexing in
tube and pipetted up and down on plate. were fairly similar and had the same uniform

appearance as the third spot in the set from E13 to F17. F22 looked about the same as E23.
2. Acquisition of spectrum from 5 million shots

Mass spectral data from approximately 312,500 shots per spot was obtained from

sixteen MALDI spots after the above procedure was performed:
E15,E18. E21, E23. E24, F3, F6, F9, F12, F15, F18. F19, F20, F21, F23 and F24,

Using raster scanning files as described above. the spectra from the each of the spots was

sununed to produce an overall spectra of the sample obtained from approximately 5,000,000

shots.
Optimization of samiple application to MALDI plate (spotting)

The sample application to the MAIDI plate is optimized to provide homogenous and
even distribution of the crystallized sample to each sample spot on a MALDI plate, an
example of which is shown in Figiwe 15. Several experiments were performed as described
below to find an optinnun procedure for supplying the sample mixture to a spot on the

MALDI plate (“spotting™). These experiments are described in this section.
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Initially, several different preparations with serum were prepared. 2 pl of matrix was
spotted unless otherwise noted. Diluted sample and matrix medium were mixed in a sample
prep tube unless otherwise noted. We did not spot more than 1 spot from a single prep tube
unless otherwise noted as taking muliiple aliquots out of the sample prep tube affects

crystallization.

Ground Steel Plate experiments were conducted which produced homogeneous spots.

The procedures were as follows:

|.  Diluted sample 1:10 (2 pl sample + 18 pl of water), then mixed {:1 (v/v) with
matrix (sinapinic acid 25 mg/ml) in S0%ACN/0.1%TFA and spotted 2 pl of matrix. This

procedure did not produce good, homogeneous crystals.

2. Primed matrix tip. Pipetted 2 pl of matrix into spotting tip and let it sit for 30
seconds. Diluted sample 1:10 (2 ul sample + 18 1l of water). then mixed 1:1 (v/v) with matrix
(sinapinic acid 25 mg/ml) in 50%ACN/0.1%TFA. Ejected excess matix from pipefte tip.
Placed pipette tip in sample matrix mixture and pipetted up and down 3 times. Spotted 2 jil of
sample matrix mixture without changing the tip. This procedure formed good crystals that
were homogeneous. Because this is a ground steel plate the sample matrix mixture doesn't
spread out as much as on the polished steel plate. The dried crystals that are left in the pipette

tip might improve crystallization by acting as a seed for fuurther crystal formation.

3. The etfect of temperature on crystallization was studied. Diluted sample 1:10 (2 pl
sample + 18 pl of water), then mixed 1:1 (v/v) with manix (sinapinic acid 25 mg/ml) in
50%ACN/0.1%TFA. Place sample in 37° C water bath for 5 minutes. Removed sample from

water bath and spotied immediately. This procedwre didn't produce good. homogeneous

crystals.

4. Repeated experiment 2. above but spotted 4 1l of sample mixture instead of 2 il
This procedure formed good crystals that were homogeneous. Spotting 4 i fully covered the
spot diameter and produce good crystals and data. This is the procedure cuurently considered

optimal.

The procedures for spotting here are offered by way of example and not limitation.
and variation from the disclosed methods are of cowrse possible. For example. one may mix
the matrix and sample material in the tube and let it set for several minutes before spotting. It

has been noted that one gets more homogeneous crystals the more spots are made from the
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same tube using the same pipette tip. For example, one could spot 10 spots from the same
tube using the same tip and only collect data on the last 5 or so spots; or alternatively one
could discard the first five 4 pl aliquots from the tube before commencing spotting on a
MATLDI plate.

We have also found that following the procedure in 1 but using the same pipefte tip to
spot the same sample tube 10 times (2.5 pl per spot) onto a polished steel target plate yields

similar results (spectral quality).
Further considerations
Technical reproducibility

Technical reproducibility studies can be done, e.g. to run 1,000 technical replicates in
batches of 100 each day. One can study dependence on sample (spot) preparations (on or oft
plate), in particular to see whether there are preparation methods that yield more uniforin ion-
cwrent vields. e.g. variations in sample dilution. One can also monitor how the number of
high-yield locations changes from spot to spot. and how to minimize variations in this.
Monitoring and logging all acquisitions and preparations at a high level of granularity is good

practice.
Sample to sample reproducibility

Similar issues of sample to sample reproducibility can be studied with respect to
sample to sample variations. New phenomena might occur: It may be that some samples are
protein rich, and result in spots with more high-yield locations. It may be possible to obtain
measwres from some manner of sample attributes (optical density and color), or standardize
sample acquisition devices (e.g., for senun) to generate more reproducible procedures. One
may use a combined sample set with as heterogeneous a sowce as possible to attempt to
cover most variations. Such a set should be obtained from studying existing sets and
matching according to known sample collection and conditions, which makes strong use of

existing sample databases.
Sensitivity

Observing more peaks in the spectra raises the question what abundance range we can
see in this method. and what protein types are actually visible. This deals with the

‘conventional wisdom™ that in MALDI MS of complex samples one cannot observe lower
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abundance ions due to ‘ion suppression’, the idea that ions from more abundant proteins
suppress the ion signal from less abundant proteins, therefore rendering the less abundant
proteins undetectable. This idea appears to be solely based on the lack of observation of
lower abundance ions. Indeed. our observation of an increase in peak content (see e.g..
Figure 16C) casts some doubt over this interpretation. Rather, it appears that one has to take
seriously the (semi) quantitative nature of MALDI MS. If one agrees that protein abundance
spans a wide range over many orders of magnitude, then one would expect that
coresponding mass spectra would mimic this behavior by exhibiting a vast difference in
peak height (or rather the area under a peak). One would not expect to observe low
abundance proteins in MATDIJ spectra. not because they do not ionize. but rather because the
amplitude of peaks coiresponding to low abundance proteins should be very low. As it is
commeon practice in mass spectroietry to focus on large peaks. and because lower abundance
peaks would be orders of magnitude smaller, it is not surprising that these peaks have not
been observed before. This is not to say that phenomena like ion suppression do not occur, or
that ionization probability does not play a role, but to say that these phenomena do not
entirely suppress peaks originating from low-abundance proteins, and that, if one looks for
low abundance protein peaks in the low intensity region of spectra. they do indeed become
observable. The quest for covering a significant percentage of the serum proteome can thus
be viewed as a quest for extending the dynamic range of mass spectza. As with any other
counting Lased technique the simple solution to this problem is to increase statistics by

increasing the number of detected ions (per time-of-flight bin).

In order to get more confidence in this simple interpretation. which 1uns counter to
conventional wisdon. one may wish to establish the dynamic range of mass spectra and link
it 1o abundance of proteins. This should be dene both from an analytical chemistry point of
view. establishing sensitivity curves (as a function of mwv/z). as well as through the
identification of proteins corresponding to some peaks and comparative abundance

measurements of these proteins via orthogonal techniques like ELISAs.
Using pre-fractionated samples

The methods of this discloswe can be used in combination with precipitation methods
for fractionating a sample, e.g. NOG precipitation, de-lipidifying, and so on. The methods
can also be used with other matrices like CLCCA. It is likely that these methods could also

benefit greatly from the DeepMAIDI approach. Our preliminary data using sample pre-
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fractionation indicate that one does indeed see different peaks, but the peak content was far

from optimal. This might be expected as one purpose is to get rid of high abundance

proteius.

In the past we attempted to use depletion and/or mass filtering to reduce the content of
unwarted proteins like albumin and hemoglobin, but none of these methods led to a total
removal, and remnants of these peaks were still visible. Using the DeepMALDI approach
described here on depleted or mass filtered samples should yield better results, as reducing

large peaks will also reduce the dynamic range necessary to see lower abundance proteins.
Obtain sensible choices of spectral acquisition settings

In the autoExecuteTM (Bruker) method. it is possible to define filtering settings in
order to ouly collect transient spectra that pass certain criteria; in our case we want to only
add those transient spectra (arising from <xx> number of shots) that have a total ion current
larger than an externally defined threshold. While this does not seem possible in a simple
manner, there are filter criteria in the processing method tab that might be used for similar
purposes. Alternatively. there might be parameters in the peak evaluation methods that we
could tune for this purpose. While this will not reduce the number of shots, it may overcoe
the problem of shot bias towards earlier shots, i.e. not to acquire transients consisting only of
noise. The use of automated filtering operations in summing transient spectra to generate

location spectra avoids the problem of bias.
Increase spot size

Given the limitations arising from the size of the laser illumination as well as fromn the
minimal grid size for the pre-rastering step, it may well be that there are not enough shot
locations with sufficient ion-yield on a standard spot. A simple way to address this would be
to increase the spot size. The FlexImagingTM (Bruker) software would support this very
easily. There are also options of rectangular spotting areas used in MS imaging application
that might be suitable for this purpose. An additional benefit of using larger spots would be
that one does not have to worry whether one can locate a similar number of decent shot
locations and generate spectra of similar quality from spot to spot. Sample volume does not
appear to present an issue. If larger spots are possible. it would reduce the logistics to deal
with multiple spots for the same acquisition, which may be necessary for high numbers of

shots.
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Still further considerations for ~“DeepMALDI” methodology are described in U.S.
provisional application serial no. 61/652,394 filed May 29, 2012 and the interested reader is

directed to that document.

Yeast-Based Immunotherapy and Therapeutic Methods of the invention

One embodiment of this disclosure is directed to the use of yeast-based
immunotherapy compositions designed to stimulate therapeutic inunune responses against
cancer antigens expressed by a tumor cell in a patient with cancer. The method includes a
step of administering a yeast-based immunotherapy composition for cancer (7.e., comprising a
cancer antigen) to a subject that has a cancer expressing the cancer antigen. and who has been
identified or selected as likely to benefit from administration of the composition by a test
performed in accordance with any of the mass spectial predictive methods of the invention as

described herein.

More specifically. in one aspect, a method of treating a cancer patient with yeast-
based immmmotherapy for cancer is described. The method includes the steps of: (a)
conducting a test in accordance with any of the methods of predicting described herein, and if
the class label for the spectra indicates the patient is likely to benefit from yeast-based
imnumotherapy for cancer, (b) administering the yeast-based immunotherapy for cancer. In
one aspect, the patient is additionally teated with one or more additional anti-cancer
therapies, either prior to, concurently with, or after, ireatment with the yeast-based
immunotherapy for cancer. Iun one embodiment, the additional anti-cancer therapies include,
but are not limited to. surgery (e.g., surgical resection of a rumor). chemotherapy, radiation
therapy. targeted cancer therapies (e.g., small molecule drugs or monoclonal antibody
therapies that specifically target molecules involved in tumor growth and progression). and

palliative care, or any combination thereof.

In another aspect. this disclosure relates to a method of treating a cancer patient with
yeast-based immunotherapy for cancer. The method includes the step of administering yeast-
based immunotherapy for cancer to a cancer patient that has been selected by a test in
accordance with any of the predictive methods of the invention as described herein, in which
the class label for the spectra indicates the patient is likely to benefit from the yeast-based

immunotherapy for cancer. In one aspect, the patient is additionally treated with one or more
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additional anti-cancer therapies, either prior to. concurrently with. or after. treatment with the
yeast-based inununotherapy for cancer. In one embodiment, the additional anti-cancer
therapies include, but are not limited to, swgery (e.g, surgical resection of a tumor).
chemotherapy. radiation therapy. targeted cancer therapies (e.g., small molecule drugs or
monoclonal antibody therapies that specifically target molecules involved in tumor growth

and progression), and palliative care, or any combination thereof.

In yet another aspect of this discloswre, a method of treating a cancer patient with
yeast-based immunotherapy for mutated Ras-positive cancer is described. This method
includes the steps of: (a) conducting a test in accordance with any of the methods of
predicting described above. and if the class label for the spectra indicates the patient is likely
to benefit from yeast-based immunotherapy for mutated Ras-positive cancer, (b)
administering the yeast-based immunotherapy for mutated Ras-positive cancer. In one
aspect. the patient is addirionally treated with one or more additional anti-cancer therapies,
either prior to, concwurently with. or after. treatment with the yeast-based immunotherapy for
mutated Ras-positive cancer. In one embodiment, the yeast-based immmwotherapy for
mutated Ras-positive cancer is a product in the series of yeast-based immunotherapy products
known as GI-4000, or the equivalent. In one aspect of this embodiment of the invention, the
mutated Ras-positive cancer can include, but is not limited to, pancreas cancer, non-small cell
lung cancer (NSCLC), colorectal cancer (CRC). endometrial cancers. ovarian cancers,
melanoma and multiple myeloma. In one aspect, the cancer is pancreas cancer. In one
embodiment, the additional anti-cancer therapies include, but are not limited to, surgery (e.g.,
surgical resection of a tumor). chemotherapy, radiation therapy, targeted cancer therapies
(e.g., small molecule drugs or monoclonal antibody therapies that specifically target
molecules involved in tumor growth and progression), and palliative care, or any combination
thereof. In one aspect, the yeast-based immunotherapy for mutated Ras-positive cancer is
administered to the patient in conjunction with gemcitabine or the equivalent. In one
embodiment, the patient is a pancreas cancer patient and the therapy comprises a product in
the series of yeast-based inununotherapy products known as GI-4000 or the equivalent. either
alone or in combination with gemcitabine. In one aspect, the cancer patient’s tumor has been

surgically resected prior to treatment with the yeast-based immunotherapy composition.

In yet another aspect of this disclosure, a method of treating a cancer patient with
yeast-based inununotherapy for cancer is described. The method includes the step of

administering a yeast-based immunotherapy for mutated Ras-positive cancer to a cancer
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patient selected by a test in accordance with any of the predictive methods of the invention as
described herein in which the class label for the spectra indicates the patient is likely to
benefit from the yeast-based immunotherapy for mutated Ras-positive cancer. Inn one aspect,
the patient is additionally treated with one or more additional anti-cancer therapies. either
prior to. coucurrently with, or after, treatment with the yeast-based imuwunotherapy for
mutated Ras-positive cancer. In one embodiment, the yeast-based immunotherapy for
mutated Ras-positive cancer is a product in the series of yeast-based immunotherapy products
known as GI-4000, or the equivalent. In one aspect of this embodiment of the invention. the
mutated Ras-positive cancer can include, but is not limited to, pancreas cancer, non-small cell
lung cancer (NSCLC). colorectal cancer (CRC), endometrial cancers, ovarian cancers.
melanoma and multiple myeloma. In one aspect, the cancer is pancreas cancer. In one
embodiment. the additional anti-cancer therapies include, but are not limited to, surgery (e.g.,
surgical resection of a tumor), chemotherapy, radiation therapy. targeted cancer therapies
(e.g, small molecule diugs or monoclonal antibody therapies that specifically target
molecules involved in fumnor growth and progression), and palliative care, or any combination
thereof. In one aspect, the yeast-based tmmunotherapy for mutated Ras-positive cancer is
administered to the patient in conjunction with gemcitabine or the equivalent. In one
embodiment. the patient is a pancreas cancer patient and the therapy comprises a product in
the series of yeast-based immumnotherapy products known as GI-4000 or the equivalent, either
alone or in combination with gemcitabine. In one aspect, the cancer patient’s tumor has been

sirgically resected prior to treatment with the yeast-based immunotherapy composition.

This disclosure uses of the term “yeast-based immunotherapy”. which phrase may be
used interchangeably with a “‘yeast-based inununotherapeutic composition™, “yeast-based
nnmunotherapy product”. ‘“‘yeast-based immunotherapy composition”, “yeast-based
composition”, “yeast-based immunotherapeutic’. “yeast-based vaccine”, or derivatives of
these phrases). As used herein. a yeast-based immunotherapeutic composition refers to a
composition that includes a yeast vehicle component and an antigen component that targets a
disease or condition in a subject (i.e.. a yeast-based immunotherapeutic composition for
cancer includes a yeast vehicle component and a cancer antigen component that targets the
cancer in a patient). A yeast-based imununotherapeutic composition comprising a mutated
Ras antigen useful in the present invention fargets mutated Ras-positive tumors in a patient.
This composition can be referred to as a “yeast-Ras immunotherapy composition™, or a

“yeast-based inmunotherapeutic composition expressing Ras antigen”. or “yeast-based

69



10

15

20

25

30

WO 2014/003853 PCT/US2013/032024

immunotherapy for mutated Ras-positive cancer”. A yeast-based immwumotherapy for
mutated Ras-positive cancer includes, but is not limited to the series of yeast based

immunotherapy products known as “GI-4000™.

In conjunction with the yeast vehicle, the cancer antigens (e.g., mutated Ras antigens)
included in a vyeast-based immunotherapy product are most typically expressed as
recombinant proteins by the yeast vehicle (e.g., by an intact yeast or yeast spheroplast, which
can optionally be further processed to a yeast cytoplast, yeast ghost, or yeast membrane
extract or fraction thereof). although it is an embodiment of the invention that one or more
such cancer antigens are loaded into a yeast vehicle or are otherwise complexed with,
artached to, mixed with or administered with a yeast vehicle, to form a composition useful in

the present invention.

In oune aspect of the invention, antigens useful in one or more yeast-based
immunotherapy compositions of the invention include any cancer or tumor-associated
antigen. In one aspect, the antigen includes an antigen associated with a preneoplastic or
hyperplastic state. The antigen may also be associated with, or causarive of cancer. Such an
antigen way be a fwmor-specific antigen. a tumor-associated antigen (TAA) or tissue-specific
antigen, an epitope thereof, or an epitope agonist thereof. Cancer antigens include, but are
not limited to, antigens from any tumor or cancer. including. but not limited to. melanomas.
squamous cell carcinoma, breast cancers, head and neck carcinomas, thyroid carcinomas, soft
tissue sarcomas, bone sarcomas. testicular cancers, prostatic cancers, ovariau cancers. bladder
cancers, skin cancers, brain cancers, angiosarcomas. hemangiosarcomas, mast cell mmors,
leukemias. lymphomas, primary hepatic cancers, lung cancers. pancreatic cancers,
gastrointestinal cancers (including colorectal cancers). renal cell carcinomas, hematopoietic

neoplasias and metastatic cancers thereof.

Suitable cancer antigens include but are not limited to nmurated Ras oncoprotein (see.
e.g., U.S. Patent No. 7.465,454 and 7.563,447). carcinoembryonic antigen (CEA) and
epitopes thereof such as CAP-1, CAP-1-6D (GenBank Accession No. M29540 or Zaremba et
al.. 1997, Cancer Research 57:4570-4577). MART-1 (Kawakami et al, J. Exp. Med. 180:347-
352, 1994), MAGE-1 (U.S. Pat. No. 5.750.395), MAGE-3. GAGE (U.S. Pat. No. 5,648,226),
GP-100 (Kawakami et al.. Proc. Nat'l Acad. Sci. US4 91:6458-6462, 1992), MUC-1 (e.g,
Jerome et al., J Immunol., 151:1654-1662 (1993)), MUC-2. normal and mutated p33
oncoproteins (Hollstein et al Nucleic Acids Res. 22:3551-3555, 1994). PSMA (prostate
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specific membrane antigen: Israeli et al.. Cancer Res. 53:227-230, 1993), tyrosinase (Kwon
et al PNAS 84:7473-7477, 1987), TRP-1 (gp75) (Cohen et al Nucleic Acid Res. 18:2807-
2808, 1990; U.S. Pat. No. 5,840,839), NY-ESO-1 (Chen et al PNAS 94: 1914-1918, 1997).
TRP-2 (Jackson et al., EMBOJ, 11:527-535, 1992). TAG72. KSA, CA-125, PSA (prostate
specific antigen: Xue et al.. The Prostate, 30:73-78 (1997)), HER-2/new/c-erb/B2, (U.S. Pat.
No. 5,550,214), EGFR (epidermal growth factor receptor; Hairis et al., Breast Cancer Res.
Treat. 29:1-2 (1994)), hTERT, p73, B-RAF (B-Raf proto-oncogene serine/threonine-protein
kinase: Sithanandam et al., (1990), Oncogene 5(12):1775-80), adenomatous polyposis coli
(APC), Myc, von Hippel-Lindau protein (VHL), Rb-1, Rb-2, androgen receptor (AR),
Smad4. MDRI1 (also known as P-glycoprotein), Flt-3. BRCA-1 (breast cancer 1: U.S, Patent
No. 5.747,282), BRCA-2 (breast cancer 2: U.S. Patent No. 5.747.282)), Ber-Abl, pax3-tkhr.
ews-1li-1, Brachyury (GenBauk Accession Nos. NP_003172.1 or NM_003181.2; Edwards et
al., 1996. Genome Res. 6:226-233), HERV-H (human endogenous retrovirus H), HERV-K
(human endogenous retrovirus K). TWIST (GenBank Accession Nos. NM_000474 and
NP_000465), Mesothelin (Kojima et al., 1995. J. Biol. Chem. 270(37):21984-90; Chang and
Pastan. 1996. Proc. Natl. Acad. Sci. U.S.4. 93(1):136-40), NGEP (New Gene Expressed in
Prostate: Bera et al., 2004, Proc. Narl. Acad. Sci. U.S.4. 101(9):3059-3064; Cereda et al..
2010, Cancer Immunol. Inmmunother. 59(1):63-71: GenBank Accession Nos. AAT40139 or
AAT40140), modifications of such antigens and tissue specific antigens, splice variants of
such antigens, and/or epitope agonists of such antigens. Other cancer antigens are known in
the art. Other cancer antigens may also be identified. isolated and cloned by methods known
in the art such as those disclosed in U.S. Pat. No. 4,514,506. Cancer antigens may also

include one or more growth factors and splice variants of each.

In one aspect of the invention, the cancer antigen is carcinoembryonic antigen (CEA),
a polypeptide comprising or consisting of epitopes thereof such as CAP-1, CAP-1-6D
(GenBank Accession No. M29540 or Zaremba et al., 1997, Cancer Research 57:4570-4577),
a modified CEA, a splice variant of CEA, an epitope agonist of such CEA proteins, and/or a
fusion protein comprising at least one immunogenic domain of CEA or an agonist epitope
thereof. In one aspect. the CEA is a modified CEA comresponding to the modified CEA
having an amino acid sequence represented by SEQ ID NO:46 in U.S. Patent Publication No.
US 2007_0048860. published March 1, 2007. which is encoded by a nucleic acid sequence of
SEQ ID NO:45 in that publication.

71



10

15

20

25

30

WO 2014/003853 PCT/US2013/032024

In one aspect of the invention, the yeast-based immunotherapy cowmposition targets
huwan Brachywry. Brachywy anfigens and yeast-based immunotherapy compositions
targeting brachywy have been described in PCT Publication No. 2012/125998. published
September 20, 2012.

In one aspect of the invention. the yeast-based immunotherapy composition targets
mucin-1 (MUC-1). MUC-1 antigens and and yeast-based imununotherapy compositions
targefing MUC-1 have been described in PCT Publication No. 2013/025972, published
February 21. 2013.

In one aspect of the invention, a yeast-based immunotherapy cowmposition targets
mutated Ras-positive cancers. ras is an oncogene in which several mutations are known to
occur at particular positions and be associated with the development of one or more types of
cancer. Therefore, a yeast-based imnunotherapy product for mutated Ras-positive cancers
includes at least one immunogenic domain of Ras containing an amino acid residue that is

known to be mutated in certain cancers. Such cancers include, but are not limited to,

pancreas cancer, NSCLC, colorectal. endometrial and ovarian cancers, as well as melanoma

and multiple myeloma. In one aspect, a yeast-based unmunotherapy product for mutated
Ras-positive cancers confains fwo, three, or more inununogenic domains of Ras, wherein
each domain contains one or more different Rag mutations known to occur in certain cancers.
in order to cover several or all known mutations that occur in Ras proteins. For example, in
one aspect of the invention, the Ras antigen used in the yeast-based imununotherapeutic
composition comprises at least 5-9 contiguous amino acid residues of a wild-rype Ras protein
containing amino acid positions 12, 13, 59. 61, 73, 74, 75. 76, 77 and/or 78 relative to the
wild-type Ras protein, wherein the amino acid residues at positions 12. 13, 59, 61, 73, 74, 75,
76, 77 and/or 78 are mutated with respect to the wild-type Ras protein. In one aspect, the
cancer antigen includes: (a) a protein comprising at least from positions 4-20 or at least from
positions 8-16 of a wild-type Ras protein. except that the amino acid residue at position 12
with respect to the wild-type Ras protein is mutated: (b) a protein comprising at least from
positions 5-21 or at least from positions 9-17 of a wild-type Ras protein. except that the
amino acid residue at position 13 with respect to the wild-type Ras protein is mutated: {¢) a
protein comprising at least from positions 51-67 or at least from positions 55-63 of a wild-
type Ras protein. except that the amino acid residue at position 59 with respect to the wild-
type Ras protein is mutated: (d) a protein comprising at least from positions 53-69 or at least

from positions 57-65 of a wild-type Ras protein, except that the amino acid residue at
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position 61 with respect to the wild-type Ras protein is mutated: () a protein comprising at
least from positions 65-81 or at least from positions 69-77 of a wild-type Ras protein, except
that the amino acid residue ar position 73 with respect to the wild-type Ras protein is
mutated; (f) a protein comprising at least from positions 66-82 or at least from positions 70-
78 of a wild-type Ras protein, except that the amino acid residue at position 74 with respect
to the wild-type Ras protein is mutated: (g) a protein comprising at least from positions 67-83
or at least from positions 71-79 of a wild-type Ras protein, except that the amino acid residue
at position 75 with respect to the wild-type Ras protein is mutated: (h) a protein comprising at
least from positions 69-84 or at least from positions 73-81 of a wild-type Ras protein, except
that the amino acid residue at position 77 with respect to the wild-type Ras protein is
mutated: (i) a protein comprising at least from positions 70-85 or at least from positions 74~
82 of a wild-type Ras protein. except that the amino acid residue at position 78 with respect
to the wild-type Ras protein is mutated: and/or (j) a protein comprising at least from positions
68-84 or at least from positions 72-80 of a wild-type Ras protein. except that the amino acid
residue at position 76 with respect to the wild-type Ras protein is mutated. It is noted that
these positions correspond generally to K-Ras, N-Ras and H-Ras proteins, and to human and
mouse sequences. as well as others, since human and mouse sequences are identical in these
regions of the Ras protein and since K-Ras, H-Ras and N-Ras are identical in these regions of

the Ras protein.

As used herein. the term “GI-4000” geuerally refers to a series of yeast-based
immunotherapy compositions (TARMOGEN® products). where each yeast-based
immunotherapy composition expresses one or more Ras mutations that target Ras mutations
observed in lluman cancers. Such mutations are associated with the development of tumors,
GI-4000 as used in the clinic and described in the Examples herein presently consists of a
series of four yeast-based immunotherapy product versions, denoted individually as GI-4014,
GI-4015. GI-4016 and GI-4020. Each version is a heat-inactivated, whole (intact)
Saccharomyces cerevisiae yeast recombinantly expressing a fusion protein containing a
unique combination of three Ras mutations (one mutation at position 12 with respect to the
native Ras protein and two different mutations at position 61 with respect to the native Ras
protein). collectively targeting seven of the most common Ras mutations observed in human
cancers (four different position 12 mutations and 3 different position 61 mutations). In the
GI-4000 clinical studies. each patent’s tumor is sequenced to identify the specific Ras

mutation contained in the patent’s tumor and the corresponding yeast-Ras immunotherapy
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product containing the identified mutated protein is then administered. Each product in the

GI-4000 series is manufactured and vialed separately.

More particularly, each fusion protein expressed by a yeast-based immunotherapeutic
composition in the series of GI-4000 products presently used in the clinic (denoted
individually as GI-4014, GI-4015. GI-4016 and GI-4020) has an amino acid sequence
generally having the following overall structure, from N- to C-terminus: (1) a two amino
acid N-terminal peptide sequence (M-V). (2) an amino acid sequence corresponding to
positions 56-67 of Ras having a single amino acid substitution coiresponding to position 61
of the native Ras protein. and (3) an amino acid sequence corresponding to positions 2-165 of
Ras having two single amino acid substitutions corresponding to positions 12 and 61.
respectively. of the native Ras protein. The specific combination of the three amino acid
substitutions in each fusion protein distinguishes one fusion protein from the other. Other
structures and organization of immunogenic domains within yeast-based immmunotherapy
products targeting mutated Ras-positive cancers are possible, and are described in detail in,
e.g.. U.S. Patent No. 7,465,454,

The mucleotide and translated amino acid sequence for the construct encoding GI--
4014 are represented by SEQ ID Nos:1 and 2, respectively. GI-4014 comprises the following
Ras mutations; Q611-G12V-Q61R. The nucleotide and translated amino acid sequence for
the construct encoding GI-4015 are represented by SEQ ID Nos:3 and 4, respectively. GI-
4015 comprises the following Ras mutations: Q61L-G12C-QG6IR. The nucleotide and
translated amino acid sequence for the construct encoding GI-4016 are represented by SEQ
ID Nos:5 and 6, respectively. GI-4016 comprises the following Ras mutations: Q61L-G12D-
QG61R. The nucleotide and translated amino acid sequence for the constuct encoding GI-
4020 are represented by SEQ ID Nos:7 and 8, respectively. GI-4020 comprises the following
Ras mutations: Q61L-G12R-Q61H.

The invention also includes the use of homologues of any of the above-described Ras
antigens. In one aspect, the invention includes the use of Ras antigens, having amino acid
sequences that are at least 85%, 86%, 87%, 88%. 89%, 90%. 91%, 92%, 93%. 94%, 95%,
96%, 97%. 98%, or 99% identical to the amine acid sequence of any one of the Ras antigens
described herein, including any of the Ras antigens referenced by a specific sequence
identifier herein. over the full length of the protein or fusion protein, or with respect to a

defined segment in the fusion protein or a defined protein or domain thereof (immunogenic
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domain or functional dowain (i.e.. a domain with at least one biological activity)) that forms
part of the fusion protein.As used herein, unless otherwise specified. reference to a percent
(%) identity refers to an evaluation of homology which is performed using: (1) a BLAST 2.0
Basic BLAST homology search using blastp for amino acid searches and blast for nucleic
acid searches with standard default parameters, wherein the query sequence is filtered for low
complexity regions by defaulr (described in Altschul. S.F.. Madden, T.L., Schaaffer, A.A,,
Zbang, J.. Zhang, Z.. Miller, W. &Lipman. D.J. (1997) "Gapped BLAST and PSI-BLAST: a
new generation of protein database search programs." Nucleic Acids Res. 25:3389-3402.
incorporated herein Ly reference in its entirety): (2) a BLAST 2 alignment (using the
parameters described below); (3) and/or PSI-BLAST with the standard default parameters
(Position-Specific Iterated BLAST.

In any of the yeast-based immunotherapy compositions used in the present invention,
the following aspects related to the yeast vehicle are included m: the invention. According to
the present invention. a yeast vehicle is any yeast cell (e.g., a whole or intact cell) or a
derivative thereof (see below) that can be used in conjunction with one or more anfigens.
immunogenic domains thereof or epitopes thereof in a therapeutic composition useful in the
invention. The yeast vehicle can therefore include, but is not limited to, a live intact (whole)
yeast microorganism (i.e., a yeast cell having all its components including a cell wall), a
killed (dead) or inactivated intact yeast microorganism, or derivatives of intact/whole yeast
including: a yeast spheroplast (i.e.. a yeast cell lacking a cell wall), a yeast cytoplast (i.e., a
yeast cell lacking a cell wall and nucleus), a yeast ghost (7.e., a yeast cell lacking a cell wall,
nucleus and cytoplasm), a subcellular yeast membrane exfract or fraction thereof (also
referred 1o as a yeast membrane particle and previously as a subcellular yeast particle). any
other yeast particle, or a yeast cell wall preparation. These yeast vehicles are described in
detail in, e.g., U.S. Patent No. 5,830,463, U.S. Patent No. 7,083,787, and U.S. Patent No.

7.736.642, the disclosures of which are incorporated by reference herein.

Any yeast strain can be used to produce a yeast-based immunotherapy product useful
in the present invention. Genera of yeast strains that may be used in the invention include but
are not limited to Saccharomyvees, Candida, Cryvptococcus, Hansenula, Klhinveromyees,
Pichia, Rhodotorula, Schizosaccharomyces and Yarrowia. Species of yeast strains that may
be used in the invention include but are not limited to Saccharomnyces cerevisiae,
Saccharonyces carisbergensis, Candida albicans, Candida kefiv, Candida tropicalis,

Cryptococcus  lanrentii, Cryptococcus neoformans, Hansenula  anomala, Hansenula
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polymorpha, Khinveromyees fragilis, Kliyveromyces lactis, Kluyveroniyces marxianus var.
lactis, Pichia pastoris, Rhodotorula rubra, Schizosaccharomyces pombe, and Yarrowia
lipolvtica. 1t is to be appreciated that a number of these species include a variety of
subspecies. types, subtypes, etc. that are intended to be included within the aforementioned

species.

Methods for producing yeast-based immunotherapy products useful in the invention
have been previously described in, e.g. U.S. Patent No. 5,830,463, U.S. Patent No. 7,083,787,
and U.S. Patent No. 7.736.642, the disclosures of which are incorporated herein by reference,
Typically. yeast-based immunotherapy products useful in the invention have been killed or
inactivated. Killing or inactivating of yeast can be accomplished by any of a variety of
suitable methods known in the art. For example, heat inactivation of yeast is a standard way
of inactivating yeast, and one of skill in the art can monitor the structural changes of the
target antigen, if desired, by standard methods known in the art. Alternatively, other methods
of inactivating the yeast can be used, such as chemical. electrical, radioactive or UV methods.

Yeast vehicles can be formulated into yeast-based immunotherapy compositions or
products of the present invention, including preparations to be administered to a subject,
using a number of techniques known to those skilled in the art. For example, yeast vehicles
can be dried by lyophilization. Formulations comprising yeast vehicles can also be prepared
by packing yeast in a cake or a tablet, such as is done for yeast used in baking or brewing
operations. In addition, yeast vehicles can be mixed with a pharmaceutically acceptable
excipient, such as an isotonic buffer that is tolerated by a host or host cell. Examples of such
excipients include water, saline, Ringer's solution, dextrose solution, Hank's solution. and
other aqueous physiologically balanced salt solutions. Nonaqueous vehicles. such as fixed
oils. sesame oil. ethyl oleate, or triglycerides may also be used. Other useful formulations
include  suspensions containing  viscosity-enhancing agents, such as  sodium
carboxymethylcellulose, sorbitol. glycerol or dextran. Excipients can also confain minor
amounts of additives. such as substances that enhance isotonicity and chemical stability.
Standard formulations can either be liquid injectables or solids which can be taken up in a
suitable liquid as a suspension or solution for injection. Thus, in a non-liquid formulation,
the excipient can comprise. for example, dextrose. human serum albumin. and/or
preservatives to which sterile water or saline can be added prior to administration. The
composition should be formulated to be suitable for administration to a human subject (e.g..

the manufacturing conditions should be suitable for use in humans, and any excipients or
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formulations used to finish the composition and/or prepare the dose of the immunotherapeutic
for administration should be suitable for use in humans). In one aspect of the invention,
yeast-based immunotherapeutic compositions are formulated for administration by injection
of the patient or subject. such as by a parenteral route (e.g., by subcutaneous, intraperitoneal,

intramuscular or intradermal injection. or another suitable parenteral route).

The therapeutic methods include the delivery (administration, immunization) of a
yeast-based immunotherapeutic composition to a subject or individual. The administration
process can be performed ex vivo or in vivo, but is typically performed in vivo.
Administration of a yeast-based immunotherapy composition can be systemic, mucosal
and/or proximal to the location of the target site (e.g., near a site of a tumor). Suitable routes
of administration will be apparent to those of skill in the art, depending on the type of cancer
to be prevented or treated and/or the target cell population or tissue. Various acceptable
methods of administration include, but are not limited to. intravenous administration.
intraperitoneal administration, intramuscular administration. intranodal administration,
intracoronary administration, intraarterial administration (e.g., into a carotid artery).
subcutaneous administration, transdermal delivery, intratracheal administration, intraarticular
administration, intraventricular administration, inhalation (e.g., aerosol). intracranial,
intraspinal, intraocular, aural. intranasal. oral, pulmonary administration, impregnation of a
catheter, and direct injection into a tissue. In one aspect, routes of administration include:
inuavenous, intraperitoneal. subcutaneous. intradermal, inwanodal. intramuscular,
wansdermal, inhaled, intranasal. oral, intraocular, intraarticular, intracranial. and intraspinal.
Parenteral delivery can include intradermal. intramuscular. intraperitoneal, intraplewal,
intrapulmonary, intravenous. subcutaneous, atrial catheter and venal catheter routes. Aural
delivery can include ear drops. inuanasal delivery can include nose drops or intranasal
injection, and intraocular delivery can include eye drops. Aerosol (inhalation) delivery can
also be performed using methods standard in the art (see. for example, Stribling et al., Proc.
Natl. Acad. Sci. USA 189:11277-11281, 1992). In one aspect, a yeast-based
immunotherapeutic composition of the invention is administered subcutaneously. In one
aspect, the yeast-based immunotherapeutic composition is administered directly into a tumor

milieu.

In general, a suitable single dose of a yeast-based immunotherapeutic composition is a
dose that is capable of effectively providing a yeast vehicle and the cancer antigen to a given

cell type. tissue, or region of the patient body in an amount effective to elicit an antigen-
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specific inunune response agamst one or more cancer anfigens or epitopes, when
administered one or more tines over a suitable time period. For example, in one embodiment,
a single dose of a yeast-based immunotherapeutic useful in the present mvention is from
about 1 x 10° to about 5 x 107 yeast cell equivalents per kilogram body weight of the
organism being administered the composition. In one aspect. a single dose of a yeast-based
immunotherapeutic useful in the present invention is from about 0.1 Y.U. (1 x 10° cells) to
about 100 Y.U. (1 x 10 cells) per dose (i.e., per organism). including any interim dose, in
increments of 0.1 x 10° cells (i.e., 1.1 x 10°% 1.2 x 10%, 1.3 x 10°...). As used herein. the term
“Y.U.” is a “Yeast Unit” or “yeast cell equivalent, where one Y.U. = 10 million yeast cells.
In one embodiment. doses include doses between 1 Y.U and 40 Y.U., doses between 1 Y.U.
and 50 Y.U.. doses between 1 Y.U. and 60 Y.U., doses between 1 Y.U. and 70 Y. U, or doses
between 1 Y.U. and 80 Y.U.. and in one aspect, between 10 Y.U. and 40 Y.U., 50 Y.U., 60
Y.U.,70 Y.U., or 80 Y.U. In one embodiment, the doses are administered at different sites
on the individual butr during the same dosing period. For example, a 40 Y.U. dose may be
administered via by injecting 10 Y.U. doses to four different sites on the individual during
one dosing period, or a 20 Y.U. dose may be administered by injecting 5 Y.U. doses to four
different sites on the individual, or by injecting 10 Y.U. doses to two different sites on the
individual, during the same dosing period. The invention includes administration of an
amount of the yeast-based immunotherapy composition (e.g., 1, 2. 3, 4,5, 6,7, 8,9 10, 11.
12,13, 14,15, 16. 17, 18, 19,20 Y.U. or more) at 1. 2, 3. 4, 5. 6. 7, 8, 9, 10, or more different

sites on an individual to form a single dose.

"Boosters” or "boosts" of yeast-based immunotherapeutic composition are
administered, for example, when the immune response against the antigen has waned or as
needed to provide an imimune response or induce a memory respouse against a particular
antigen or antigen(s). Boosters can be administered from about 1, 2, 3. 4, 5, 6, 7, or 8 weeks
apart. to monthly, to bimonthly, to quarterly, to annually, to several years after the original
administration. In one embodiment. an administration schedule is one in which a single dose
is administered at least 1. 2, 3. 4. 5, 6, 7, 8, 9, 10, or more times over a time period of from
weeks, to months. to years. In one embodiment, the doses are administered weekly for 1. 2,
3,4,5.6.7.8.9, 10 or more doses, followed by monthly doses as needed to achieve the
desired therapeutic result. Additional doses can be administered even if the patient’s tumor

recurs, or after the patient is deemed to be in remission.
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In one aspect, the individual is additionally treated with at least one other therapeutic
compound or therapeutic protocol useful for the freatment of cancer (anti-cancer therapy).
Additional agents, compositions or protocols (e.g.. therapeutic protocols) that are useful for
the treatment of cancer include, but are not limited to. chemotherapy. surgical resection of a
tumor, radiation therapy. allogeneic or autologous stem cell transplantation. cytokine therapy.
adoptive T cell transfer, and/or adiinistration of a second imununotherapeutic composition
(e.g.. additional yeast-based immunotherapy, recombinant virus-based immunotherapy (viral
vectors). cytokine therapy. immuwnostimulant therapy (including chemotherapy with
immunostimulating properties), DNA vaccines, and other imununotherapy compositions
and/or targeted cancer therapies (e.g., small molecule drugs, biologics, or monoclonal
antibody therapies that specifically target molecules involved in tumor growth and
progression, including, but not limited to, selective estrogen receptor modulators (SERMs),
aromatase inhibitors, tyrosine kinase inhibitors. serine/tlweonine kinase inhibitors. histone
deacetylase (HDAC) inhibitors, retinoid receptor activators. apoptosis stinulators,
angiogenesis inhibitors. poly (ADP-ribose) polymerase (PARP) inhibitors. or
immunostimulators). Any of these additional therapeutic agents and/or therapeutic protocols
may be administered before, concurrently with, alternating with, or after the immunotherapy
compositions of the invention, or at different time points. For example, when given to an
individual in conjunction with chemotherapy or a targeted cancer therapy, it may be desirable
to administer the yeast-based inununotherapy compositions during the “holiday” between
doses of chemotherapy or targeted cancer therapy. in order to maximize the efficacy of the
immunotherapy compositions.  Surgical resection of a fumor may frequently precede
administration of a yeast-based immunotherapy composition, but additional or primary
surgery way occur dwing or after administration of a yeast-based immunotherapy

composition.

For example, in any of the embodiments regarding therapeutic methods of the
invention described herein. in one aspect, when the individual has cancer, the individual is
being treated or has been treated with another therapy for cancer. Such therapy can include
any of the therapeutic protocols or use of any therapeutic compound or agent described
previously herein. including. but not limited to. chemotherapy. radiation therapy, targeted
cancer therapy, surgical resection of a tumor. stem cell transfer, cytokine therapy. adoptive T
cell transfer. and/or administration of a second immunotherapeutic composition. In the case

of administration of a second immunotherapeutic composition, such cowmpositions may
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include, but are not limited to, additional yeast-based immunotherapy. recombinant virus-
based inununotherapy (viral vectors). immunostimulant therapy (including chemotherapy
with  immunostimulating properties), DNA  vaccines. and other immunotherapy

compositions).

As used herein. to “treat” a cancer, or any permutation thereof (e.g.. “treated for
cancer”, etc.) generally refers to administering a yeast-based immunotherapy composition of
the invention once the cancer has occured (e.g.. once the cancer has been diagnosed or
detected in an individual), with at least one therapeutic goal of the weatment (as compared to
in the absence of this treatment) including: reduction in tumor burden, inhibition of nimor
growth, increase in recurrence free survival of the individual. increase in overall survival of
the individual, delaying, -inhibitjng, arresting or preventing the onset or development of
metastatic cancer (such as by delaying, inhibiting, arresting or preventing the onset of
development of mumor migration and/or tumor ivasion of tissues outside of primary cancer
and/or other processes associated with merastatic progression of cancer), delaying or airesting
cancer progression, improvement of immune responses against the twmor, improvement of
long terin memory immune responses against the tumor antigens. and/or improved general
health of the individual. To “prevent” or “protect” from a cancer, or any permutation thereof
(e.g.. “prevention of cancer”. etc.), generally refers to administering a composition of the
invention before a cancer has occurred, or before a specific stage of cancer or tumor antigen
expression in a caucer has occwred, with at least one goal of the treatment (as compared to in
the absence of this treatment) including: preventing or delaying the onset or development of
a cancer, or, should the cancer occur after the treatment, at least reducing the severity of the
cancer {e.g., reducing the level of rumor growth. arresting cancer progression, improving, the
immune response against the cancer, inhibiting metastatic processes) or iliproving outcomes

in the individual (e.g.. improving recurrence-fiee survival and/or overall survival).

In the therapeutic methods of the present invention. yeast-based imununotherapy
compositions and other anti-cancer therapies can be administered to any animal, including
any vertebrate, and particularly to any member of the Vertebrate class, Mammalia, including,
without limifarion, primates, rodents, livestock and domestic pets. An “individual” is a
vertebrate. such as a mammal, including without limitation a human. The term “individual”

can be used interchangeably with the term “animal”, “subject” or “patient™.
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According to the present invention, the general use herein of the term "antigen" refers:
to any portion of a protein (peptide, partial protein, full-length protein), wherein the protein is
naturally occwring or synthetically derived, to a cellular composition (whole cell, cell lysate
or disrupted cells), to an organism (whole organism, lysate or disrupted cells) or to a
carbohydrate, or other molecule, or a portion thereof. An antigen may elicit an antigen-
specific immune response (e.g.. a humoral and/or a cell-mediated immune response) against
the same or similar antigens that are encountered by an element of the immune system (e.g.,

T cells. antibodies).

An antigen can be as small as a single epitope. a single immunogenic domain or
larger. and can include multiple epitopes or immunogenic domains. As such, the size of an
antigen can be as small as about 8-12 amino acids (i.e.. a peptide) and as large as: a full
length protein, a multimer, a fusion protein. a chimeric protein. a whole cell, a whole
microorganism, or any portions thereof (e.g., lysates of whole cells or exwacts of
microorganisms). In addition, antigens can include carbohydrates, which can be loaded into a
yeast vehicle or into a composition of the invention. It will be appreciated that in some
embodiments (e.g.. when the antigen is expressed by the yeast vehicle from a recombinant
nucleic acid molecule), the antigen is a protein, fusion protein, chimeric protein, or fragiment

thereof, rather than an entire cell or microorganisim.

When the antigen is to be expressed in yeast. an antigen is of a minimum size capable
of being expressed recombinantly in yeast, and is typically at least or greater than 25 amino
acids in length, or at least or greater than 26, at least or greater than 27, at least or greater than
28, at least or greater than 29. at least or greater than 30, at least or greater than 31, at least or
greater than 32, at least or greater than 33, at least or greater than 34, at least or greater than
35, ar least or greater than 36, at least or greater than 37, at least or greater than 38, at least or
greater than 39. at least or greater than 40, at least or greater than 41, at least or greater than
42, at least or greater than 43. at least or greater than 44, at least or greater than 45, at least or
greater than 46. at least or greater than 47. at least or greater than 48, at least or greater than
49, or at least or greater than 50 amino acids in length, or is at least 25-50 amino acids in
length, at least 30-50 amino acids in length. or at least 35-50 amino acids in length, or at least
40-50 amino acids in length. or at least 45-50 amino acids in length. Smaller proteins may be
expressed, and considerably larger proteins (e.g., hundreds of amino acids in length or even a
few thousand amino acids in length) may be expressed. In one aspect, a full-length protein,

or a structural or functional domain thereof, or an immunogenic domain thereof. that is
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lacking one or more amino acids from the N- and/or the C-terminus may be expressed (e.g.,
lacking between about 1 and about 20 amino acids from the N- and/or the C-terminus).
Fusion proteins and chimeric proteins are also antigens that may be expressed in the
invention. A “target antigen” is an antigen that is specifically targeted by an
immunotherapeutic composition of the invention (i.e., an antigen against which elicitation of
an immuue respouse is desired). For example, a “Ras antigen” is an antigen derived,
designed, or produced from one or more Ras proteins such that targeting the antigen also
targets the corresponding Ras protein expressed by a tumor. A “mutated Ras antigen” refers
specifically to a Ras antigen that contains one or more amino acid mutations. For use in the
present invention, such mutations correspond to mutations found in the Ras protein in tumors

and are associated with the development of the tumor and/or the progression of the tumior.

When referring to stimulation of an iminune response, the term “‘imununogen” Is a
subset of the term “antigen”, and therefore, in some instances, can be used interchangeably
with the term "antigen". An immunogen, as used herein, describes an antigen which elicits a
humoral and/or cell-mediated inmune response (i.e., is inununogenic), such that
administration of the immunogen to an individual mounts an antigen-specific immune
response against the same or similar antigens that are encountered by the immune system of
the individual. In one embodiment, an immunogencontained in a yeast-based
immunotherapy composition elicits a cell-mediated immune response. including a CD4+ T
cell respounse (e.g., TH1. TH2 and/or TH17) and/or a CD8+ T cell response (e.g.. a CTL

response).

An “immunogenic dowmain” of a given antigen can be any portion, fragment or epitope
of an antigen (e.g., a peptide fragment or subunit or an antibody epitope or other
conformational epitope) that contains at least one epitope that acts as an immunogen when
administered to an animal. Therefore, an immunogenic domain is larger than a single amino
acid and is at least of a size sufficient to contain at least one epitope that can act as an
immunogen. For example, a single protein can contain multiple different immunogenic
domains. Immumnogenic domains need not be linear sequences within a protein. such as in the

case of a hwmoral immune response, where conformational domains are contemplated.

An epitope is defined herein as a single immunogenic site within a given antigen that
is sufficient to elicit an immune response when provided to the inmune systen in the context

of appropriate costimmulatory signals and/or activated cells of the inumume system. In other
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words, an epitope is the part of an antigen that is actwally recognized by components of the
immune systern, and may also be referred to as an antigenic determinant. Those of skill in
the art will recognize that T cell epitopes are different in size and composition from B cell or
antibody epitopes, and that epitopes presented through the Class I MHC pathway differ in
size and structural attributes from epitopes presented through the Class I MHC pathway. For
example. T cell epitopes presented by Class I MHC molecules are typically between 8 and 11
amino acids in length. whereas epitopes presented by Class II MHC molecules are less
restricted in length and may be from § amino acids up to 25 amino acids or longer. In
addition. T cell epitopes have predicted structural characteristics depending on the specific
MHC molecules bound by the epitope. Epitopes can be linear sequence epitopes or
conformational epitopes (conserved binding regions).  Most antibodies recognize

conforinational epitopes.

While various embodiments of the present invention have been described in detail, it
is apparent that modification and adaptations from those embodiments will occwr to those
skilled in the art. It will be expressly understood. however. that such modifications and

adaptations are within the scope of the present invention. as set forth in the appended claims.
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Claims

We claim;

1. A method of predicting whether a cancer patient is likely to benefit from
administration of a yeast-based inunune response generating therapy for cancer, either alone

or in addition to another anti-cancer therapy. comprising the steps of:
(a) obtaining a blood-derived sample of the patient;

(b) conducting mass-spectrometry on the sample and obtaining a mass spectrum from

the sample;

(c) in a programmed computer. perforning one or more predefined pre-processing
steps on the mass spectrum, obtaining integrated intensity values of selected features in the
mass spectrum over predefined nv/z ranges after the pre-processing steps are performed, and
comparing the integrated intensity values with a training set comprising class-labeled spectia

from other cancer patients and classifying the mass spectrum with a class label:

wherein the class label predicts whether the patient is likely to benefit from the yeast-
based immune response generating therapy. either alone or in addition to other anti-cancer

therapies.

2. The method of claim 1, wherein the yeast-based immunotherapy comprises a yeast-

based mununotherapy for mutated Ras-positive cancer.

-

3. The method of claim 3, wherein the yeast-based immunotherapy for mutated Ras-

positive cancer comprises GI-4000 or the equivalent.

4. The method of claim 3, wherein fhe yeast-based immunotherapy for mutated Ras-
positive cancer therapy is administered to the patient in conjunction with gemcitabine or the

equivalent.
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5. The method of claim 1, wherein the cancer patient comprises a pancreatic cancer

patient.

6. The method of claim 2, wherein the cancer patient comprises a pancreatic cancer

patient.

7. The method of claim 1, wherein the training set comprises class-labeled spectra from
other cancer patients who obtained benefit and did not obtain benefit from administration of
the yeast-based immune response generating therapy or immunotherapy either alone or in

combination with another anti-cancer therapy.

8. The method of claim 1, wherein the selected features include one or more features
listed in Tables 1, 2. 3, 4, 5. or 6.

9. A method of predicting whether a cancer patient is not likely to benefit from
administration of a yeast-based imumune response generating therapy, either alone or in

combination with another anti-cancer therapy, comprising the steps of:
(a) obtaining a blood-derived sample of the patient:

(b) conducting mass-spectrometry on the sample and obtaining a mass spectrum from

the sample:

(¢) in a programumed computer, performing one or more predefined pre-processing
steps on the mass spectrum, obtaining integrated intensity values of selected features in the
mass spectrum over predefined nvz ranges after the pre-processing steps are performed. and
comparing the integrated intensity values with a training set comprising class-labeled spectra

from other cancer patients and classifying the mass spectrum with a class label;
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wherein the class label predicts whether the patient is not likely to benefit from the
yeast-based inumune response generating therapy either alone or in addition to another anti-

cancer therapy.

10.  The method of claim 9. wherein the yeast-based immunotherapy for cancer comprises

a yeast-based inmmmotherapy for mmutated Ras-positive cancer.

11.  The method of claim 10. wherein the yeast-based immunotherapy for mutated Ras-

positive cancer comprises GI-4000 or the equivalent.

12.  The wmethod of claim 10, wherein the patient is predicted to not likely bepefit from
administration of the yeast-based immunotherapy for mutated Ras-positive cancer therapy in

copjunction with gemcitabine or the equivalent.

13.  The method of claim 9, wherein the cancer patient comprises a pancreatic cancer

patient.

14.  The method of claim 9, wherein the training set comprises class-labeled spectra from
other cancer patients that obtained benefit and did not obrain benefit from administration of

the immunotherapy either alone or in combination with another anti-cancer therapy.

15.  The method of claim 9, wherein the selected features comprise one or more features
listed in Tables 1, 2, 3, 4, 5 or 6.

16. A system for predicting whether a cancer patient is likely to benefit from
administration of a yeast-based immune response generating therapy either alone or in

combination with another anti-cancer therapy, comprising. in combination:
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a mass spectrometer generating a mass spectrum from a blood-derived sample from

the cancer patient;

a machine readable memory storing a training set of class-labeled spectra from other
cancer patients. the training set including class-labeled spectra from phurality of patients that
did not benefit from the yeast-based immune response generating either alone or in
combination with the another anti-cancer therapy and class-labeled spectra from plurality of
patients that did benefit from the immune response generating therapy either alone or in

combination with the another anti-cancer agent: and

a computer systen configured to operate on the mass spectium and classify the mass
spectium using the training set, producing a class label for the mass spectrum. wherein the
class label predicts whether the patient is likely to benefit from administration of the yeast-
based immune response generating therapy either alone or in combination with another anti-

cancer agent.

17.  The system of claim 16, wherein the class label predicts whether the patient is likely
to benefit from administration of a yeast-based imununotherapy for mutated Ras-positive

cancer.

18.  The system of claim 16, wherein the yeast-based immunotherapy for mutated Ras-

positive cancers comprises GI-4000 or the equivalent.

19.  The system of claim 16, wherein the class label predicts whether patient is likely to

benefit from administration of GI-4000 and gemcitabine to the patient.

20.  The system of claim 16, wherein the cancer patient comprises a pancreatic cancer

patient,
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21.  The system of claim 16, wherein the computer is configured to obtain integrated
intensity values of features in the spectrun in m/z ranges which include one or more of the

features listed in Tables 1.2, 3, 4. 5 or 6.

22. A system for predicting whether a cancer patient is not likely to obtain benefir from
administration of a yeast-based immune response generating therapy either alone or in

combination with another anti-cancer therapy, comprising. in combination:

a mass spectrometer generating a mass spectium from a blood-derived sample from

the cancer patient;

a machine readable memory storing a training set of class-labeled spectra from other
cancer patients, the training set including class-labeled spectra from phuality of patients that
did not benefit from the immune response generating therapy either alone or in combination
with the another anti-cancer therapy and class-labeled spectra from plurality of patients that
did benefit from the immune response generating therapy either alone or in combination with

the another anti-cancer agent; and

a computer system configured to operate on the mass spectrum and classify the mass
spectrum using the taining set, producing a class label for the mass specttum, wherein the
class label predicts whether the patient is not likely to obtain benefit from a yeast-based

immunotherapy either alone or in combination with another anti-cancer agent.

23.  The system of claim 22. wherein the yeast-based immunotherapy for cancer

comprises a yeast-based immunotherapy for mutated Ras-positive cancer.

24.  The system of claim 23. wherein the yeast-based immunotherapy for mutated Ras-

positive cancer compﬁses GI-4000 or the equivalent.

25.  The system of claim 24, wherein the class label predicts whether the patient is not

likely to benefit from administration of GI-4000 and gemcitabine.
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26.  The system of claim 24, wherein the cancer patient comprises a pancreatic cancer

patient.

27.  The system of claim 22, wherein the computer is configured to obtain integrated
intensity values of features in the spectrumn in mv/z ranges which include one or more of the

features listed in Table 1, 2, 3,4 5 o1 6.

28.  The method of claim 1, wherein the step of conducting mass spectrometry on the

sample comprises conducting MALDI TOF mass spectromery.

29.  The method of claim 28. wherein the MALDI-TOF mass spectrometry comprises
conducting DeepMALDI mass spectometry in which the blood-derived sample is subject to

more than 20,000 laser shots.

30.  The method of claim 1, wherein the predefined m/z regions are obtained from
investigation of a pluwrality of mass spectra of blood-derived samples of cancer patients , each
of the mass specira obtained by DeepMALDI mass spectrometry in which the blood-derived

samples are subject to more than 20,000 laser shots.

31.  The system of claim 16, wherein the mass spectrometer comprises a MALDI-TOF
mass spectrometer configured to obtain spectra by subjecting the blood-derived sample to

more than 20,000 laser shots.

32. A non-transitory computer readable medium storing dara in the form of a training set
for a classifier comprising class-labeled mass spectra from a plurality of cancer patients,

including class-labeled mass spectra from plurality of cancer patients that did not benefit
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from a yeast-based immune response generating therapy either alone or in combination with
the another anti-cancer therapy and class-labeled mass spectra from a plurality of cancer
patients that did benefit from the yeast-based inunune response generating therapy either
alone or in combination with the another anti-cancer therapy. the class label indicating the

status of benefit or non-benefit.

33. The non-transitory computer reacable medium of claim 32, wherein the medium
stores data in the form of a taining set for a classifier comprising class-labeled mass spectra
from a plurality of cancer patients, including class-labeled mass spectra from plurality of
cancer patients that did not benefit from yeast-based immunotherapy for mutated Ras-
positive cancer either alone or in conjunction with the another anti-cancer therapy and class-
labeled mass spectra from plurality of cancer patients that did benefit from the yeast-based
immunotherapy for mutated Ras-positive cancer either alone or in conjunction with the

another anti-cancer therapy, the class label indicating the status of benefit or non-benefit.

34.  The medium of claim 33, wherein the class labels indicate whether the patients in the
training set benefitted. or did not benefit, from administration of the combination of GI-4000

and gemcitabine.

35.  The medium of claiin 32. wherein the cancer patients in the training set comptise

pancreatic cancer patients.

36.  The medium of claim 32, wherein the medinm stores code in the form of a classifier
for comparing featuwres in the training set including one or more of features listed in Tables 1,
2, 3 or 4 with a test mass spectrnun to thereby produce a class label for the test mass

spectrum.

37. A system for classifying a mass spectrum comprising;
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a non-transitory computer-readable as recited in claim 32 and

a general purpose computer configured as a classifier to classify a spectrum of a

cancer patient using the training set of claim 32.

38.  The system of claim 37, wherein the computer implements a K nearest neighbor

classifier.

39. A method of creating a classifier for predicting, in advance of treatment, whether a
cancer patient is likely to benefit from a yeast-based inunune response generating therapy,

eitlier alone or in combination with another anti-cancer therapy, comprising the steps of:

a) perforning mass specromerry on a multitude of patient samples obtained after
treatmnent by the yeast-based imumune response generating therapy either alone or in
combination with another anti-cancer therapy and generating a corresponding set of mass

spectra:

b) creating a training set for a classifier by separating the patients from which the
samples in step a) were obtained into two groups corresponding to whether or not such
patients obtained benefit from the treatiment and assigning a class label to the respective

spectra (e.g.. “good’/ “poor”, “Quick”/ “Slow™):

¢) analyzing the spectra from the two groups to identify distinguishing features in the

spectra characteristic of the patients in the two groups; and

d) testing the ability of such distinguishing features to predict patient benefit from the
treatinent by applying a classification algorithm using the class labeled spectra and
distingunishing features identified in step ¢) to a test set of spectra from other patients that
were administered the treatment and evaluating the performance of the classification
algorithm.

40. The method of claim 39, comprising repeating the steps b), ¢) and d) using different

distinguishing features in the spectra in the two groups of patients.
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41.  The method of claim 39, wherein the classification algorithm comprises a K-nearest

neighbor algorithm.

42.  The method of claim 39. wherein the mass spectrometry of step a) comprises
DeepMALDI mass spectrometry in a MATDI-TOF mass spectrometer in which the sample is

subject to more than 20,000 laser shots.

43.  The method of claim 39, wherein the distinguishing features comprise one or more

features listed in Tables 1,2, 3. 4.5 or 6.

44.  The method of claim 39. further comprising performing a partial ion current

normalization of the spectra based on fearures in the spectra in the taining set.

45, The method of claim 39. wherein the class labels are determined by investigation of

clinical data for the patients in the training set.

46. A method for teating a cancer, comprising administering yeast-based innmmunotherapy

for cancer to a cancer patient.

wherein the patient has been selected by a mass spectrometry and classification test,

the test comprising the steps of.

(a) conducting mass-spectrometry on a blood-derived sample from the patient and

obtaining a mass spectruan from the sample:

(b) in a programmed computer, performing one or more predefined pre-processing
steps on the mass spectrun, obtaining integrated intensity values of selected fearures in the
mass spectrum over predefined m/z ranges after the pre-processing steps are performed. and

comparing the integrated intensity valies with a twaining set comprising class-labeled spectra
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from other cancer patients treated with the yeast-based immunotherapy and classifying the

mass spectrum with a class label:

and wherein the class label for the mass spectruin indicates that the patient is likely to

benefir from the yeast-based immunortherapy for cancer.

47. The method of claim 46, wherein the patient is additionally treated with one or more
additional anti-cancer therapies, either prior to, concwrently with, or after, treatment with the

yeast-based immunotherapy for cancer.

48.  The method of claim 47, wherein the additional anti-cancer therapies are selected
from: surgery. chemotherapy, radiation therapy, targeted cancer therapy, palliative care. or

any combination thereof.

49.  The method of claim 46, wherein the yeast-based inununotherapy is a whole, heat-
inactivated recombinant yeast that has expressed one or more cancer antigens from the

patient’s cancet.

50. The method of claim 49, wherein the yeast is from Saccharonivces cerevisiae.

51.  The method of claim 46, wherein the patient has mutated Ras-positive cancer and
wherein the patient is administered a yeast-based immunotherapy for mutated Ras-positive

cancer

52.  The method of claim 51, wherein the patient is additionally treated with one or more
additional anti-cancer therapies, either prior to, concurently with. or after, treatiment with the

yeast-based immunotherapy for mutated Ras-positive cancer.
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53.  The method of claim 52, wherein the additional anti-cancer therapies are selected
from: swgery, chemotherapy, radiation therapy, targeted cancer therapy, palliative care, or

any combination thereof.

5 54, The method of claim 51, wherein the mutated Ras-positive cancer is selected from:
pancreas cancer, non-small cell lung cancer (NSCLC), colorectal cancer (CRC), endometrial

cancers, ovarian cancers, melanoma or multiple myeloma.

The method of claim 51, wherein the mutated Ras-positive cancer is pancreas cancer.

55.
10
56.  The method of claim 51, wherein the yeast-based immunotherapy for murated Ras-
positive cancer is a whole, heat-inactivated recombinant yeast that has expressed a murtated
Ras antigen.
15 57.  The method of claim 55. wherein the yeast-based immunotherapy for mutated Ras-

positive cancer is a product in the GI-4000 series of yeast-based imnmmnotherapy products. or

the equivalent.

38. The method of claim 57, wherein the product is selected from GI-4014, GI-4015, GI-

20 4016 or GI-4020.

59.  The method of claim 51, wherein the veast-based immunotherapy is administered in

conjunction with gemcitabine or the equivalent.

25 60.  The method of claim 51. wherein the cancer patient’s tumor has been surgically

resected prior to treatment with the yeast-based immunotherapy.
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61.  The method of claim 49. wherein the taining set comprises class-labeled spectra from
other cancer patients who obtained benefit and did not obtain benefit from administration of
the yeast-based immunotherapy either alone or in combination with another ant-cancer

therapy.

62. The method of claim 49, wherein the predefined features include one or more features

listed in Tables 1. 2, 3, 4, 5 or 6.

63.  The method of claim 49. wherein the mass spectrometry conducted on the sample

comprises conducting MALDI-TOF mass spectrometry.

64.  The method of claim 63, wherein the MALDI-TOF mass spectrometry comprises
conducting DeepMATLDI mass spectromefry in which the blood-derived sample is subject to

more than 20,000 laser shots.

65.  The method of claim 49. wherein the predefined m/z regions are obtained from
investigation of a plurality of mass spectra of cancer patients obtained by DeepMALDI mass
spectrometry in which blood-derived samples of such cancer patients are subject to more
than 20,000 laser shots.

66. A method for treating a cancer with yeast-based immunotherapy, comprising:

a) conducting mass-spectrometry on a blood-derived sample from a cancer

patient and obtaining a mass spectium from the sample;

b) in a programmed computer, performing one or more predefined pre-processing
steps on the mass spectrum. obtaining integrated intensity values of selected features in the

mass spectruimn over predefined my/z ranges after the pre-processing steps are performed, and
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comparing the integrated intensity values with a training set comprising class-labeled spectra
from other cancer patients weated with the yeast-based immunotherapy and classifying the

mass spectrun with a class label; and

c) administering the yeast-based immunotherapy for cancer to the cancer patient
when the class label for the mass spectrum indicates that the patient is likely to benefit from

the yeast-based immunotherapy for cancer,

67.  The method of claim 66, wherein the patient is additionally treated with one or more
additional anti-cancer therapies, either prior to. concurrently with, or after, treatment with the

veast-based immunotherapy for cancer.

68.  The method of claimn 66. wherein the yeast-based immunotherapy is a whole, heat-
inactivated recombinant yeast from Saccharonnces cerevisiae that has expressed one or more

cancer antigens from the patient’s cancer.

69.  The method of claim 66. wherein the patient has mutated Ras-positive cancer and

wherein the patient is administered a yeast-based inununotherapy for mutated Ras-positive

cancer.

70. The method of claim 69, wherein the product is selected from GI-4014, GI-4015. GI-
4016 or GI-4020.

71.  The method of claim 66, wherein the training set comprises class-labeled spectra from
other cancer patients who obtained benefit and did not obtain benefit from administration of

the yeast based immunotherapy either alone or in combination with another anti-cancer

therapy.
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72.  The method of claim 66. wherein the predefined features include one or more features

listed 11 Tables 1,2.3.4.5 or 6.

73. The method of claim 66, wherein the mass spectrometry conducted on the sample

comprises conducting MALDI-TOF mass spectrontetry.

74, The method of claim 73. wherein the MALDI-TOF mass spectrometry comprises

conducting multi-shot mass spectromefry in which the blood-derived sample is subject to

more than 20,000 laser shots.

75.  The method of claim 66, wherein the predefined m/z regions are obrained from
investigation of a plurality of mass spectra of cancer patients obtained by multi-shot mass
spectrometry in which blood-derived samples of such cancer patients are subject to more
than 20,000 laser shots.
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AMENDED CLAIMS
received by the International Bureau on 22 August 2013 (22.08.2013)

We claim:

1. A method of predicting whether a cancer patient is likely to benefit from
administration of a yeast-based immune response generating therapy for cancer, either alone
or in addition to another anti-cancer therapy, comprising the steps of:

(a) obtaining a blood-derived sample of the patient;

(b) conducting mass-spectrometry on the sample and obtaining a mass spectrum from
the sample;

(c) in a programmed computer, performing one or more predefined pre-processing
steps on the mass spectrum, obtaining integrated intensity values of selected features in the
mass spectrum over predefined m/z ranges after the pre-processing steps are performed, and
comparing the integrated intensity values with a training set comprising class-labeled spectra
from other cancer patients and classifying the mass spectrum with a class label indicating the
status of benefit or non-benefit;

wherein the class label predicts whether the patient is likely to benefit from the yeast-
based immune response generating therapy, either alone or in addition to other anti-cancer

therapies.

2. The method of claim 1, wherein the yeast-based immunotherapy comprises a yeast-

based immunotherapy for mutated Ras-positive cancer.

3. The method of claim 3, wherein the yeast-based immunotherapy for mutated Ras-

positive cancer comprises GI-4000 or the equivalent.
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4, The method of claim 3, wherein the yeast-based immunotherapy for mutated Ras-

positive cancer therapy is administered to the patient in conjunction with gemcitabine or the

equivalent.

5. The method of claim 1, wherein the cancer patient comprises a pancreatic cancer
patient,

6. The method of claim 2, wherein the cancer patient comprises a pancreatic cancer
patient,

7. The method of claim 1, wherein the training set comprises class-labeled spectra from

other cancer patients who obtained benefit and did not obtain benefit from administration of
the yeast-based immune response generating therapy or immunotherapy either alone or in

combination with another anti-cancer therapy.

8. The method of claim 1, wherein the selected features include one or more features

listed in Tables 1, 2, 3, 4, 5, or 6.

9. A method of predicting whether a cancer patient is not likely to benefit from
administration of a yeast-based immune response generating therapy, either alone or in
combination with another anti-cancer therapy, comprising the steps of:

(a) obtaining a blood-derived sample of the patient;

(b) conducting mass-spectrometry on the sample and obtaining a mass spectrum from
the sample;

(c) ina programmed computer, performing one or more predefined pre-processing
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steps on the mass spectrum, obtaining integrated intensity values of selected features in the
mass spectrum over predefined m/z ranges after the pre-processing steps are performed, and
comparing the integrated intensity values with a training set comprising class-labeled spectra
from other cancer patients and classifying the mass spectrum with a class label indicating the
status of benefit or non-benefit;

wherein the class label predicts whether the patient is not likely to benefit from the
yeast-based immune response generating therapy either alone or in addition to another anti-

cancer therapy.

10.  The method of claim 9, wherein the yeast-based immunotherapy for cancer comprises

a yeast-based immunotherapy for mutated Ras-positive cancer.

1. The method of claim 10, wherein the yeast-based immunotherapy for mutated Ras-

positive cancer comprises GI-4000 or the equivalent.

12, The method of claim 10, wherein the patient is predicted to not likely benefit from
administration of the yeast-based immunotherapy for mutated Ras-positive cancer therapy in

conjunction with gemcitabine or the equivalent.

13.  The method of claim 9, wherein the cancer patient comprises a pancreatic cancer
patient.
14.  The method of claim 9, wherein the training set comprises class-labeled spectra from

other cancer patients that obtained benefit and did not obtain benefit from administration of

the immunotherapy either alone or in combination with another anti-cancer therapy.
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15.  The method of claim 9, wherein the selected features comprise one or more features

listed in Tables 1, 2, 3, 4, 5 or 6.

16. A system for predicting whether a cancer patient is likely to benefit from
administration of a yeast-based immune response generating therapy either alone or in
combination with another anti-cancer therapy, comprising, in combination:

a mass spectrometer generating a mass spectrum from a blood-derived sample from
the cancer patient;

a machine readable memory storing a training set of class-labeled spectra from other
cancer patients, the training set including class-labeled spectra from plurality of patients that
did not benefit from the yeast-based immune response generating either alone or in
combination with the another anti-cancer therapy and class-labeled spectra from plurality of
patients that did benefit from the immune response generating therapy either alone or in
combination with the another anti-cancer agent; and

a computer system configured to operate on the mass spectrum and classify the mass
spectrum using the training set, producing a class label for the mass spectrum indicating the
status of benefit or non-benefit, wherein the class label predicts whether the patient is likely
to benefit from administration of the yeast-based immune response generating therapy either

alone or in combination with another anti-cancer agent.

17. The system of claim 16, wherein the class label predicts whether the patient is likely
to benefit from administration of a yeast-based immunotherapy for mutated Ras-positive

cancer,
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18.  The system of claim 16, wherein the yeast-based immunotherapy for mutated Ras-

positive cancers comprises GI-4000 or the equivalent.

19.  The system of claim 16, wherein the class label predicts whether patient is likely to

benefit from administration of GI-4000 and gemcitabine to the patient.

20. The system of claim 16, wherein the cancer patient comprises a pancreatic cancer
patient.
21.  The system of claim 16, wherein the computer is configured to obtain integrated

intensity values of features in the spectrum in m/z ranges which include one or more of the

features listed in Tables 1, 2, 3, 4, 5 or 6.

22. A system for predicting whether a cancer patient is not likely to obtain benefit from
administration of a yeast-based immune response generating therapy either alone or in
combination with another anti-cancer therapy, comprising, in combination:

a mass spectrometer generating a mass spectrum from a blood-derived sample from
the cancer patient;

a machine readable memory storing a training set of class-labeled spectra from other
cancer patients, the training set including class-labeled spectra from plurality of patients that
did not benefit from the immune response generating therapy either alone or in combination
with the another anti-cancer therapy and class-labeled spectra from plurality of patients that
did benefit from the immune response generating therapy either alone or in combination with
the another anti-cancer agent; and

a computer system configured to operate on the mass spectrum and classify the mass
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spectrum using the training set, producing a class label for the mass spectrum indicating the
status of benefit or non-benefit, wherein the class label predicts whether the patient is not
likely to obtain benefit from a yeast-based immunotherapy either alone or in combination

with another anti-cancer agent.

23.  The system of claim 22, wherein the yeast-based immunotherapy for cancer

comprises a yeast-based immunotherapy for mutated Ras-positive cancer.

24, The system of claim 23, wherein the yeast-based immunotherapy for mutated Ras-

positive cancer comprises GI-4000 or the equivalent.

25. The system of claim 24, wherein the class label predicts whether the patient is not

likely to benefit from administration of GI-4000 and gemcitabine.

26.  The system of claim 24, wherein the cancer patient comprises a pancreatic cancer
patient,
217, The system of claim 22, wherein the computer is configured to obtain integrated

intensity values of features in the spectrum in m/z ranges which include one or more of the
*

features listed in Table 1, 2, 3,4 5 or 6.

28.  The method of claim 1, wherein the step of conducting mass spectrometry on the

sample comprises conducting MALDI TOF mass spectrometry.

29.  The method of claim 28, wherein the MALDI-TOF mass spectrometry comprises
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conducting DeepMALDI mass spectrometry in which the blood-derived sample is subject to

more than 20,000 laser shots.

30.  The method of claim 1, wherein the predefined m/z regions are obtained from
investigation of a plurality of mass spectra of blood-derived samples of cancer patients , each
of the mass spectra obtained by DeepMALDI mass spectrometry in which the blood-derived

samples are subject to more than 20,000 laser shots.

31.  The system of claim 16, wherein the mass spectrometer comprises a MALDI-TOF
mass spectrometer configured to obtain spectra by subjecting the blood-derived sample to

more than 20,000 laser shots.

32. A composition comprising a computer executing a classification algorithm combined
with a non-transitory computer readable medium storing data in the form of a training set for
a classifier comprising class-labeled mass spectra from a plurality of cancer patients,
including class-labeled mass spectra from plurality of cancer patients that did not benefit
from a yeast-based immune response generating therapy either alone or in combination with
the another anti-cancer therapy and class-labeled mass spectra from a plurality of cancer
patients that did benefit from the yeast-based immune response generating therapy either
alone or in combination with the another anti-cancer therapy, the class label indicating the

status of benefit or non-benefit.

33. The composition of claim 32, wherein the non-transitory computer readable medium
stores data in the form of a training set for a classifier comprising class-labeled mass spectra

from a plurality of cancer patients, including class-labeled mass spectra from plurality of
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cancer patients that did not benefit from yeast-based immunotherapy for mutated Ras-
positive cancer either alone or in conjunction with the another anti-cancer therapy and class-
labeled mass spectra from plurality of cancer patients that did benefit from the yeast-based
immunotherapy for mutated Ras-positive cancer either alone or in conjunction with the

another anti-cancer therapy, the class label indicating the status of benefit or non-benefit.

34, The composition of claim 33, wherein the class labels indicate whether the patients in
the training set benefitted, or did not benefit, from administration of the combination of GI-

4000 and gemcitabine,

35.  The composition of claim 32, wherein the cancer patients in the training set comprise

pancreatic cancer patients.

36. The composition of claim 32, wherein the medium stores code in the form of a
classifier for comparing features in the training set including one or more of features listed in
Tables 1, 2, 3 or 4 with a test mass spectrum to thereby produce a class label for the test mass

spectrum.

37. A system for classifying a mass spectrum comprising:
a non-transitory computer-readable as recited in claim 32 and
a general purpose computer configured as a classifier to classify a spectrum of a

cancer patient using the training set of claim 32,

38.  The system of claim 37, wherein the computer implements a K nearest neighbor

classifier.
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39. A method of creating a classifier for predicting, in advance of treatment, whether a
cancer patient is likely to benefit from a yeast-based immune response generating therapy.,
either alone or in combination with another anti-cancer therapy, comprising the steps of:

a) performing mass spectrometry on a multitude of patient samples obtained after
treatment by the yeast-based immune response generating therapy either alone or in |
combination with another anti-cancer therapy and generating a corresponding set of mass
spectra;

b) creating a training set for a classifier by separating the patients from which the
samples in step a) were obtained into two groups corresponding to whether or not such
patients obtained benefit from the treatment and assigning a class label indicating the status
of benefit or non-benefit to the respective spectra;

¢) analyzing the spectra from the two groups to identify distinguishing features in the
spectra characteristic of the patients in the two groups; and

d) testing the ability of such distinguishing features to predict patient benefit from the
treatment by applying a classification algorithm using the class labeled spectra and
distinguishing features identified in step c) to a test set of spectra from other patients that
were administered the treatment and evaluating the performance of the classification

algorithm.

40. The method of claim 39, comprising repeating the steps b), ¢) and d) using different

distinguishing features in the spectra in the two groups of patients.

41.  The method of claim 39, wherein the classification algorithm comprises a K-nearest

neighbor algorithm.
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42, The method of claim 39, wherein the mass spectrometry of step a) comprises
DeepMALDI mass spectrometry in a MALDI-TOF mass spectrometer in which the sample is

subject to more than 20,000 laser shots.

43, The method of claim 39, wherein the distinguishing features comprise one or more

features listed in Tables 1, 2, 3, 4, 5 or6.

44.  The method of claim 39, further comprising performing a partial ion current

normalization of the spectra based on features in the spectra in the training set.

45.  The method of claim 39, wherein the class labels are determined by investigation of

clinical data for the patients in the training set.

46. A method for treating a cancer, comprising administering yeast-based immunotherapy
for cancer to a cancer patient,

wherein the patient has been selected by a mass spectrometry and classification test,
the test comprising the steps of:

(a) conducting mass-spectrometry on a blood-derived sample from the patient and
obtaining a mass spectrum from the sample;

(b) in a programmed computer, performing one or more predefined pre-processing
steps on the mass spectrum, obtaining integrated intensity values of selected features in the
mass spectrum over predefined m/z ranges after the pre-processing steps are performed, and
comparing the integrated intensity values with a training set comprising class-labeled spectra

from other cancer patients treated with the yeast-based immunotherapy and classifying the
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mass spectrum with a class label indicating the status of benefit or non-benefit;
and wherein the class label for the mass spectrum indicates that the patient is likely to

benefit from the yeast-based immunotherapy for cancer.

47, The method of claim 46, wherein the patient is additionally treated with one or more
additional anti-cancer therapies, either prior to, concurrently with, or after, treatment with the

yeast-based immunotherapy for cancer.

48.  The method of claim 47, wherein the additional anti-cancer therapies are selected
from: surgery, chemotherapy, radiation therapy, targeted cancer therapy, palliative care, or

any combination thereof.

49.  The method of claim 46, wherein the yeast-based immunotherapy is a whole, heat-
inactivated recombinant yeast that has expressed one or more cancer antigens from the

patient’s cancer.

50. The method of claim 49, wherein the yeast is from Saccharomyces cerevisiae.

51.  The method of claim 46, wherein the patient has mutated Ras-positive cancer and
wherein the patient is administered a yeast-based immunotherapy for mutated Ras-positive

cancer

52. The method of claim 51, wherein the patient is additionally treated with one or more
additional anti-cancer therapies, either prior to, concurrently with, or after, treatment with the

yeast-based immunotherapy for mutated Ras-positive cancer.
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53.  The method of claim 52, wherein the additional anti-cancer therapies are selected
from: surgery, chemotherapy, radiation therapy, targeted cancer therapy, palliative care, or

any combination thereof.

54.  The method of claim 51, wherein the mutated Ras-positive cancer is selected from:
pancreas cancer, non-small cell lung cancer (NSCLC), colorectal cancer (CRC), endometrial
cancers, ovarian cancers, melanoma or multiple myeloma.,

55.  The method of claim 51, wherein the mutated Ras-positive cancer is pancreas cancer,
56.  The method of claim 51, wherein the yeast-based immunotherapy for mutated Ras-
positive cancer is a whole, heat-inactivated recombinant yeast that has expressed a mutated
Ras antigen.

57.  The method of claim 55, wherein the yeast-based immunotherapy for mutated Ras-
positive cancer is a product in the GI-4000 series of yeast-based immunotherapy products, or
the equivalent.

58. The method of claim 57, wherein the product is selected from GI-4014, GI-40135, GI-
4016 or GI-4020.

59.  The method of claim 51, wherein the yeast-based immunotherapy is administered in
conjunction with gemcitabine or the equivalent.

60.  The method of claim 51, wherein the cancer patient’s tumor has been surgically
resected prior to treatment with the yeast-based immunotherapy.

61.  The method of claim 49, wherein the training set comprises class-labeled spectra from
other cancer patients who obtained benefit and did not obtain benefit from administration of
the yeast-based immunotherapy either alone or in combination with another anti-cancer

therapy.
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62. The method of claim 49, wherein the predefined features include one or more features
listed in Tables 1, 2, 3,4, 5or 6.

63.  The method of claim 49, wherein the mass spectrometry conducted on the sample
comprises conducting MALDI-TOF mass spectrometry.

64. The method of claim 63, wherein the MALDI-TOF mass spectrometry comprises
conducting DeepMALDI mass spectrometry in which the blood-derived sample is subject to
more than 20,000 laser shots.

65. The method of claim 49, wherein the predefined m/z regions are obtained from
investigation of a plurality of mass spectra of cancer patients obtained by DeepMALDI mass
spectrometry in which blood-derived samples of such cancer patients are subject to more
than 20,000 laser shots.

66. A method for treating a cancer with yeast-based immunotherapy, comprising:

a) , conducting mass-spectrometry on a blood-derived sample from a cancer
patient and obtaining a mass spectrum from the sample;

b) in a programmed computer, performing one or more predefined pre-processing
steps on the mass spectrum, obtaining integrated intensity values of selected features in the
mass spectrum over predefined m/z ranges after the pre-processing steps are performed, and
comparing the integrated intensity values with a training set comprising class-labeled spectra
from other cancer patients treated with the yeast-based immunotherapy and classifying the
mass spectrum with a class label indicating the status of benefit or non-benefit; and

c) administering the yeast-based immunotherapy for cancer to the cancer patient
when the class label for the mass spectrum indicates that the patient is likely to benefit from
the yeast-based immunotherapy for cancer.

67.  The method of claim 66, wherein the patient is additionally treated with one or more

additional anti-cancer therapies, either prior to, concurrently with, or after, treatment with the
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yeast-based immunotherapy for cancer.

68.  The method of claim 66, wherein the yeast-based immunotherapy is a whole, heat-
inactivated recombinant yeast from Saccharomyces cerevisiae that has expressed one or more
cancer antigens from the patient’s cancer.

69.  The method of claim 66, wherein the patient has mutated Ras-positive cancer and
wherein the patient is administered a yeast-based immunotherapy for mutated Ras-positive
cancer.

70. The method of claim 69, wherein the product is selected from GI-4014, GI-4015, Gl-
4016 or GI-4020.

71. The method of claim 66, wherein the training set comprises class-labeled spectra from
other cancer patients who obtained benefit and did not obtain benefit from administration of
the yeast based immunotherapy either alone or in combination with another anti-cancer
therapy.

72. The method of claim 66, wherein the predefined features include one or more features
listed in Tables 1, 2, 3,4, Sor 6.

73. The method of claim 66, wherein the mass spectrometry conducted on the sample
comprises conducting MALDI-TOF mass spectrometry.

74. The method of claim 73, wherein the MALDI-TOF mass spectrometry comprises
conducting multi-shot mass spectrometry in which the blood-derived sample is subject to
more than 20,000 laser shots.

75. The method of claim 66, wherein the predefined m/z regions are obtained from
investigation of a plurality of mass spectra of cancer patients obtained by multi-shot mass
spectrometry in which blood-derived samples of such cancer patients are subject to more

than 20,000 laser shots.
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AutoXecute Method: |VeriStrat_Serum EI

| Generall Laser | Evaluation |Accumulation| Movement | Processing| Msms |

—Peak Selection

Use masses from Da to 13000 Da for evaluation and processing
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SA_[2M+H]+_mono 449.144830
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