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METHODS FOR DETERMINING CHEMOSENSITIVITY AND
CHEMOTOXICITY

FIELD OF THE INVENTION

The present disclosure relates to methods that are useful in evaluating tumors in

human samples.

BACKGROUND

The use of predictive and prognostic biomarkers paired with targeted cancer therapies may
hold the key to reducing drug development time, improving drug efficacy, and guiding
clinical decision making. While there have been advances in cancer treatment,
chemotherapy remains largely inefficient and ineffective. One reason for the generally
poor performance of chemotherapy is that the selected treatment is often not closely
matched to the individual patient's disease. A personalized medicine approach that couples

precise diagnostics, with therapeutics might alleviate this problem.

Further complicating widespread application of chemotherapies is that subsets of patients
are likely to incur life-threatening treatment-related toxicities. For example, tumor lysis
syndrome (TLS) may cause a patient to be unable to receive a treatment for its cancer.
Again, personalized medicine approaches seek to improve clinical outcomes by
identifying patients likely to exhibit such toxicities and eliminate them from

consideration for treatments likely to exhibit said toxicity.

Diagnostic approaches are needed that can predict drug toxicity, including susceptibility

to TLS, and drug efficacy in a patient.

SUMMARY OF THE INVENTION

In a first aspect of the present invention, there is provided a method for determining the

likelihood of an adverse response to one or more cancer treatments in a chronic lymphocytic

leukemia (CLL) patient, comprising:

determining a BH3 profile for the patient’s cell specimen;

wherein determining the BH3 profile comprises measuring a response to at least

one of BAD and PUMA;

wherein the BH3 profile indicates the patient for likelihood of an adverse

response to the one or more cancer treatments; and

AH26(24262854_1):MBS
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classifying the CLL patient for likelihood of an adverse response to one or more cancer

treatments, wherein the adverse response is tumor lysis syndrome (TLS).

Accordingly, in another aspect, the present disclosure provides a method for determining
an adverse response to one or more cancer treatments in a patient, comprising:
determining a BH3 profile for the patient's cell specimen; and classifying the patient for
likelihood of an adverse response to one or more cancer treatments. In some
embodiments, the method for determining an adverse response to one or more cancer
treatments in a patient comprises a) isolating a cancer cell or specimen from the patient;
b) contacting the cancer cell or specimen, with one or more BH3 peptides; c¢) detecting a
signal that indicates mitochondrial membrane permeabilization; e¢) determining a
correlation between the mitochondrial membrane permeabilization and adverse events
from treatment; and f) classifying the patient for likelihood to adverse events from

treatment.

In another aspect, the present disclosure provides a method for determining a treatment
response to one or more cancer treatments in a blood cancer patient, comprising:

determining a BH3 profile for the patient's tumor or cancer cell specimen; and classifying

AH26(24262854_1):MBS
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the patient for likelihood of one or more of an adverse response to one or more cancer
treatments and a therapewtic efficacy o one or more cancer treatments wherein a BH3
profile comprising BAD and/or PUMA is indicative of an adverse response 10 one or more
cancer treatments and a BH3 profile comprising BIM and/or HRK is indicative of
therapeutic efficacy to one or more cancer treatments. In some embodiments, the method
for determining a freatment response to one of more cancer freatments i a pationt
comprises a} iselating a cancer ol or specimen from the patient; b} contacting the cancer
cell or specimen with one or more BH3 peptides; ¢) detecting a signal that indicates
mitochondrial membrane permeabilization; ¢) determining a correlation between the
mitochondrial membrane permeabilization and adverse response {0 on¢ or more cancey
troatments and a therapeutic efficacy to one or more cancer treatments; and ) classifyving
the patient for likehhood to adverse response to one or more freatments and therapeutic
cfficacy to onc or more cancer treatments. In some embodiments, mitechondrial membrane
permeabilization afier contacting the cancer cell or specimen with BAD and/or PUMA is
indicative of an adverse response to one or more cancer freatments, and mitochondrial
membrane permeabilization after contacting the cancer cell or specimen with BIM and/or

1
i

HRK is indicative of therapeutic cfficacy to one or more cancer freatments. The details of the

disclosure are set forth in the accompanying description below. Although raethods and materials
similar or equivalent to those described herein can be used in the practice or testing of the present
disclosure, llustrative methods and materials are now described.  (Other features, objects, and
advantages of the disclosure will be apparent from the description and from the claims, In the
specification and the appended claims, the singular forms also mclude the phiral unless the context
clearly dictates otherwise. Unless defined otherwise, all techmical and scientific ternis used herein
have the same meaning as commonly understood by one of ordinary skill in the art to which this

disclosure befongs.
BRIEF DESCRIPTION OF THE FIGURES

Figure 3A-C is a senies of graphs showing untooched B-cell isolation and representative BH3
profiling readout data. C-cell CLL cells were 1solated from patient PRMC specimens taken before
therapeutic administration. An Ab cocktail was used to label the non-B cells while CD319+ defined
the B-cell population.  Flow cytometry (Panel A) indicated that in most instances, CLL cell
purification post bead separation generally achieved greater than 99% murity to which to hone the

BH3 profiling signal in subsequent downstream assay. Two representative patient specimen BH3

2
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rofiling data readouts {Panels B and C) are indicated as a typical lughly primed as well as a poorly
o o X xr o

primed specimen, respectively.

Table 1 shows CLL patient clinical pathologic information. Patient characteristics were analyzed
relative to response {either response given as 3 groups (PD, 8D, PR} or as two groups (PD, SD).

5 Only trisomy 12 was mdicated to be statistically significant for response and this was later used as

an adjustment variabie 1o layered predictive modeling.

Table 2 shows BH3 profiling biomarkers discrimanate clinical response to alvocidib treatment.
CLL patients were divided into training and test cohorts and assayed independently blinded to
outcomes. Both training (1-30) and test cohorts (n=32} displayed significance for regression p-
10 wvalues for Bim (0.1) and (Hrk) indicating cach may be predictive of therapeutic response. In the
contbined data sets for all patients, Hrk is shown to display greatest predictive capacity and Bim

{0.1) carries significance as well.

Figure ZA-C iz a scries of graphs showing Bim and Hrk BH3 profiling of CLL patients are
correlated with abvocidib response 1n principal and validation cohorts. Dot plot depictions of
15  training and test set cohorls as well ag the combined data set by siratification of response into 3

calegories (PD, ST, PR).

Figure 3A-B is a series of graphs showing Chromosome 12 trisomy multivariate analysis adds to
Hrk prediction of CLL patient clinical response to alvocidib. Dot plot (Panel &) and ROC plot
{(Panel B} depictions of Bim{0.1) and Hrk response discrirnination {2 groups: PIY/5D, PR). While
20 both Bira(0.1) and Hrk display AUC frora ROC plot depictions of 0.73, Hik models henefit from
meclosion of significant clinical adjustuent variable trisomy 12 to yield the increased AUC of 6.83 {p

< .0001).

Table 3 shows BH3 profiling biomarkers discriminate patients with Tumor Lysis Syadrome (TLS)
1o alvocidib treatment. Both BAD and Puma(10) BH3 profiling readouts are predictive of whather

25  a patient may expericuce TLS following alvocidib treatroent.  Additionally, BCOG status was

significant and age was borderline significant for log regression p-values.

Figure 4A-B is a series of graphs showing Bad peptide BH3 profiling correlates with TLS in CLL
patients following treatment with alvocidib. Dot plot depictions (Panel A) indicate that higher BAD
BH3 profiling readout values are significantly associated with the presence of TLS versus those
30 patients who did not expericnce TLS. The Bad AUC from ROC plot analysis (Panel B) was 0.75;

this increased 1o 0.85 when combined with clinical adjustment variables age and ECOG status.
W ted

173}

DETAILED DESCRIPTION OF THE INVENTION

(a2
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BH3 profiling can provide nsight into whether a particular cancer will respond to a selected
treatiment, in addition fo whether that treatinent is likely to cause adverse evends, such as tumor lysis
syndrome {TLS) that hinder the efficacy of treatment. Without being bound by theory, it 1g thought
that cancer cells develop blocks in apoptotic pathways that bave the effect of making some cancers
resistant to some therapies, and other cancers sensilive to other therapies. The development of these

5
H
i

pathway blocks can be determuned by BH3 profiling, thereby identifying which cancer cells are
susceptible to 3 particular treatment and which are not. Cancer cells can exhibit abnormalities that
would otherwise lead to apoptosis through the mntrinsic (mitochondrial) apoptosis pathway, but if

this pathway is blocked, the cancer cell will survive.

The Bel-2 family of proteins, believed to be the key mediator of resistance o chemotherapy in
many cancers, are key regulators of mitochondrial outer membrane permeabilization (MOMP), a
crocial event that comunits a cell to die by apoptosis. Binding among various members of the Bel-2
family can ecither activate or sensitze MOMP, depending upon which Bel-2 proteins bind. By
identifying the Bel-2 protein binding in @ cancer cell or specimen, we can delermine the apopiotic
state of the given cancer {e.g. resistant or sensitive}, and whether there is a likelihood of certain

adverse events. This information is used to guide the course of treatment.

The present disclosure is based, in part, on the discovery that BH3 profiling (such as implemented
in Praedicare DxX™) can predict the likelihood that 2 patient will experience an adverse response,
including tumor lysis syndrome (TLS), upon administration of one or more cancer freatments.
Further, the diagnostic approaches described herein are useful in determining the Bkelihood one or
more cancer treatroents” efficacy o a patient incloding, optionally, in combination with a prediction

of adverse response

M

In one aspect, the present disclosure provides a method for determining an adverse response o one
or more cancer treatments in a patient, comprising: determining a BH3 profile for the patient’s

fumor or cancer cell specimen; and classifying the patient for likelihood of an adverse responss to

one or rnore cancer treatments. In some embodimends, the adverse response comprises TLS.

In another aspect, the present disclosure provides a method for determining a treatment response to
one or more cancer treatments in a blood cancer patient, comprising: determining a BH3 profile for
the patient’s tumor or cancer cell specimen; and classifying the patient for likelihood of one or more
of an adverse response to one or more cancer treatments and a therapeutic efficacy to one or more

cancer freatments wherein  a BH3 profile comprising BAD and/or PUMA 1is indicative of an
adverse response to one or more cancer weatments and a BH3 profile comprising BIM and/or HRK

is indicative of therapeutic efficacy o one or more cancer freatinents.
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In other aspects, the cell gpecimen may be from a patient with, or suspected of having a tumor, bui

may not be a cell specimen de

C

erived from the tumor tself. For example, cxamples of cells not from
the tumor itself 1oclude platelets, erythroblast cells, T-helper cell (ucluding TH-1, TH-2, and TH-

173, mast cells, macrophages, dendritic cells.

In aspects, the cell specimen may contain an immunomodulating cell.  An immunomodulating cell
is one that directly or indirectly is involved with infection, iissuc repair, tissue sclf-recognition,

.
H
i

tissue homeostasis, inflammation, and cell migration. For example, the imnunomodulating cell

L

may be from the total bone marrow or peripheral blood celis.

In some aspects, the diagnostic approaches are as described in PCT/USZ013/040585, the contents of

which are hereby incorporated by reference in their entirety.
Fxemplary Clinical Decisions

In some embodiments, the methods described heren are useful mn the cvaluation of a patient, for
example, for evaluating diagnosis, prognosis, and response to treatment. [n various aspects, the
present disclosure comprises evaluating a tumor or hematological cancer. In various embodiments,
the evaluation may be selected from diagnosis, proguosis, and respounse to {reatment.  In various
embodiments, the evaluation is a determination of the likelihood of an adverse response. In various

embodiments, the evaluation is a determmation of therapeutic efficacy.

Dragnosis refers to the process of afterapiing to delermine or identify a possible diseass or disorder,

~

such as, for example, cancer. Proguosis ref

o predicting a likely outcome of a discase or
disorder, such as, for example, cancer. A complete prognosis often inclhudes the expected duration,
the function, and a description of the course of the disease, such as progressive decline, intermttent
crisis, or sudden, unpredictable crisis. Response o treatment 15 a prediction of a patient’s medical
outcome when receiving a treatment.  Responses to ireatment can be, by way of non-limiting
example, pathological complete response, swrvival, and progression free swvival, time to

progression, probability of recurrence.

In varous embodiments, the present methods direct a clinical decision regarding whether a patient
is {0 receive, or Dot receive, a specific treatment or therapy. In one embodiment, the treatment or
therapy 15 the primary, main, or itial treatment or therapy. In one embodiment, the present
methods are predictive of a positive response to necadjovant and/or adjuvant chemotherapy or a
non-responsiveness or adverse response to neocadjuvant and/or adjovant chemotherapy. In one
embodiment, the present methods are predictive of a positive response to a pro-apoptotic agent or
an agent that operates via apoptosis and/or an agent that does not operate via apoptosis or a non-

responsiveness or adverse response o apoptotic effector agent and/or an agent that does not operate

an
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via apoptosis. In various embodiments, the present disclosure directs the treatment of a cancer

patient, including, for example, what type of treatment should be admmistered or withheld.

In one embodiment, the present methods divect a ¢linical decision regarding whether a patient is to
receive adjuvant therapy after primary, mam or imitial treatment, mcluding, without limitation, 2
smgle sole adpovant therapy. Adjuvant therapy, also called adjuvant care, 1 treatment that is given
1 addition to the prnimary, mamn or initial treatment. By way of non-limiting example, adjuvant

therapy may be an additional treatment usually given after surgery where all detectable disease has

heen removed, but where there remains a statistical risk of relapse due to occult disease.

In some cmbodiments, the present methods direet a patient’s treatment to 1nchide adpuvant therapy.,
For example, a patieat that is scored 10 be responsive to a specific treatment may receive such
treatment as adjuvant therapy. Further, the present methods may direct the dentity of an adjuvant
therapy, by way of non-limiting example, as a treatment that induces and/or operates in a pro-
apoptotic mauner or one that does not. In one embodiment, the present methods may indicate that a
patient will not be or will be less responsive or will have an adverse response to a specific treatment
and therefore such a patient may not receive such treatment as adjuvant therapy. Accordingly, in
some embodiments, the present methods provide for providing or withhelding adjuvant therapy
accm‘ding to a patient’s likely response. In this way, a patient’s quality of life, and the cost of care,
may be improved.
In varioos embodiments, the present methods direct a clinical decision regarding whether a patient
18 o receive neoadjuvant therapy, e.g therapy to shrnk and/or downgrade the humor prior to
surgery. In some embodiments, neoadjovant therapy means chemotherapy administered to cancer
patients prior to surgery. In some embodiments, necadjuvant therapy means an agent, including
those described herein, administered to cancer patients prior to surgery. Types of cancers for which
ngoadjuvant chemotherapy 18 commonly considered inclade, for example, breast, colorectal,

ovarian, coervical, biadder, and lung.

In some embodiments, the preseni methods direct a patient’s treatment to inchude neoadjuvant
therapy. For example, a patient that is scored to be responsive 1o a specific treatment may recerve
such treatment as neoadjpivant therapy. Further, the present methods may direct the identity of a
necadjuvant therapy, by way of non-limiling example, as a treatment that induces and/or operates in
a pro-apoptotic manner or one that does not. In one embodiment, the present methods may indicate
that a patient will not be, or will be less responsive, or will have an adverse response to a specific

treatment and therefore such a patient may not receive such treatment as necadjuvant therapy.

Accordingly, in some embodiments, the present methods provide for providing or withholding
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neoadjuvant therapy according to a patient’s likely response. In this way, a patient’s quality of life,

o

&

nd the cost of case, mav be improved.

In some embodiments, the present methods direct a clinical decision regarding whether a patient is
to receive a specific type of reatment. Accordingly, m some embodiments, the present methods are

a guiding test for patient treatnient,

In some embodiments, the present methods provide information about the likely respouse that a
patiertt 18 to have lo a particular treatruent.  In some embodiments, the present methods provide a
high likelihood of response and may direct treatment, mcloding aggressive treatment.  In some
embodiments, the present methods provide a low hikelhood of response and may divect cessation of
treatment, including aggressive treatment, and the use of palliative care, to avoid unnecessary
toxicity from ineffective chemotherapies for a better quality of life. In some embodiments, the
present methods provide a high likelihood of an adverse response and may direct cessation of
treatment, including aggressive treatment, and the use of palliative care, to avoid unnecessary

o .

toxicity from imetiective chemotherapies for a betier quality of 1

fe. In some embodiments, the

~
£
H

present methods provide a low likelihood of an adverse response and m may direct treatment,

including aggressive treatment

In an exemplary embodiment, the present method will indicate a likelihood of response to a specific
treatment. For example, in some embodiments, the present methods indicate a high or low
likelihood of response to a pro-apoptotic agent and/or an agent that operates via apoplosis and/or an

gent that operates via apoptosis driven by direct protein modulation.  In various cmbodiments,
exemplary pro-apoptotic agents and/or agents that operate via apoptosis and/or an agent that
operates via apoptosis driven by direct protein modulation include ABT-263 (WNavitoclax), and
ohatoclax, WEP, bortezonib, and carfizoroib. In soroe exnbodiments, the present methods indicate
a high or low likelihood of respouse 1o an agertd that docs not operate via apoptosis and/or an agent
that docs not operate via apoptosis driven by divect protein modulation,  In various cmbodiments,
exenplary agents that do ot operate via apoptosis include kinesin spindle protein inhibitors, cyclin-
dependent kinase inhibitor, Awsenic Troxide {TRISENGX), MEK inhibuiors, pomolidomide,
azacytidine, decitibine, vorinostal, entinostat, dinaciclib, gemtizmmmab, BTK intubitors, PI3 kinage
delta nhibitors, lenolidinude, anthracyclines, cytarabine, melphalam, Aky mhibitors, mTOR

inhibitors.

In an exeraplary embodiment, the present wmethod will indicate whether a patient is to receive a pro-

apopiatic agent or an agent that operates via apoptosis for cancer treatment. In ancther exemplary

5
H
i

embodiment, the present method will indicatle whether a patient 18 to receive an agent that does not

operate via apoptosis.

-2
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In a specific emabodiment, the present methods are useful 1n predicting a cancer patient’s response
and/or likelthood or an adverse reaction to any of the treatments (ucluding agentsy described herein.
In an exemplary embodiment, the present disclosure predicts an AML patient’s likelihood of

response to cytarabine and azacytidine and comprises an evaluation of the BH3 profile, age profile

and cytogenstic factors of the patient.

In various embodiments, a cancer freatment is admnistered or withheld hased on the methods
described herein. Exemplary treatments include surgical resection, radiation therapy (including the
use of the compounds as described herein as, or in combination with, radiosensitizing agents},
chemotherapy, pharmacodynamic therapy, targeted therapy, immunotherapy, and supportive

therapy (e.g., painkillers, diuretics, antidiuretics, antivirals, antibiotics, nutritional supplements,

x

2

ood clotting therapeutics, bone therapeutics, and psychiatric and

.
H
i

ancmia therapeugtics, bl

psychological therapeutics).

In one embodiment, the methods disclosed herein may be used to classify the patent into 2
treatment group. In some non-linuting examples, patients are classified mto groups designated as
responder, non-responder, high likelihood of response, low likelihood of response, high likelihood
of adverse response, and low likelihood of adverse response. In further embodiments, patient
classification directs a clinical decision regarding treatment, such as, for example, switching from
one therapeutic to another, a change i dose of therapeutic, or administration of a different type of
treatment {(e.g. surgery, radiation, allogenic bone marrow or stern cell transplant). 1o various
embodiments, a cancer reatment is administered or withheld based on the methods described

herein,
Exemplary Treatments

In exemplary embodiments, the disclosure selects a treatment agent. Examples of such agents
wclade, but are not himited to, one or more of anti-cancer drugs, chemotherapy, surgery, adjuvant
therapy, and necadjpuvant therapy. In one embodiment, the cancer treatment is one or more of a
BH3 mimetic, epigenetic modifying agent, topoisomerase inhibitor, cyclin-dependent kinase
inhibitor, and kinesin-spindle protemn stabilizing agent. In another embodiment, the cancer
treatment is a proteasome inhibitor; and/or a modulator of cell cycle regilation (by way of non-
hmiting example, a cyclin dependent kinase inhibitor); and/or a modulator of cellular epigenetic
mechanistic (by way of non-limiting exaniple, one or more of a histone deacetylase (HD C) (e.z
one or more of vorinostat or entinostat), azacvtiding, decitabine); and/or an anthracycline or

anthracenedione (by way of non-limiting example, one or more of epirubicin, doxorubicin,

mitoxanirone, dauncrubicin, idarubiciny; and/or a platinwu-based therapeutic (by way of non-

bmiting example, one or more of carhoplatin, cisplatin, and oxaliplatin); cytamabine or a cytarabine-
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based chernotherapy; a BH3 mumetic (hy way of nou-luniting exaraple, one or wmore of BCL2,

BCLXL, or MCL1); and an inbibitor of MCL L.

In various embodiments, the disclosure pertaing to cancer treatments inchiding, without imitation,
those described i US Paten! Publication No. US 2012-0225851 and International Patent
Publication No. WO 2012/122370, the contents of which are hereby incorporated by reference in

their entireties.

In various embodiments, the disclosore pertaing to cancer treatments including, without limitation,
one or more of alkylating agents such as thiotepa and CYTOXAN cyclosphosphamide; alkyl
sulfonates such as busulfan, improsulfan and piposulfan; aziridines such as benzodopa, carbogquone,
meturedopa, and  uredopa;  othyvienimines and  methylanelamines including  altretamine,
tricthylenemelanuine, trietylenephosphorandde, tricthivlenethiophosphoramide and
trimethvlclomelaming; acotogening {e.g, bullatacin and bullatacinone); & camptothecin (including
the synthelic analogue iopoiccan); bryosiating cally stating CC-1065 (Jucluding s adozelesin,
carzelesin and bizelesin synthetic analogues); cryptophycios {e.g., cryptopbycin 1 and cryptophycin
8); dolastatin; duocarmycin {including the synthetic analogues, KW-2189 and CB 1-TMIY;
eleutherobin; pancratistating 2 sarcodictym; spongistating mirogen mustards such as chlorambueil,
chlomaphazine, cholophosphamide, estramustine, ifosfamide, mechlorethaming, mechlorethaming
oxide hydrochlonde, melphalan, novernbichin, phenestenine, predmimustine, trofosfamide, uracil
niustard; nitrosureas such as carmustine, chlorozotocin, fotemustine, lommstine, mimustine, and
ranimnustine; antibiotics such as the encdiyne antibiotics {eg, calicheamicin, especially
calicheamicin gammall and calicheamicin omegall (see, e.g., Agnew, Chem. Intl. Ed. Engl, 33
183-186 (1994)); dynemicin, including dynemicin A; bisphosphonates, such as clodronate; an
esperamicing as well as neocarzinostatin chromophore and related chromoproiein enediyne
antibiotic chromwophores), aclacinongysins, actinomycin, authramycin, azascrine, bleoniycins,
cactingmrycin, carabicin, camincrayein, carzinophilin, chromomycinis, dactinomycis, dauncrubicin,
detorabicin, 6-diazo-3-oxo-L-norleucing, ADRIAMYCIN doxorubicin {including morpholino-
doxorubicin, cvanomorpholino-doxorubicin, 2-pyreolino-doxorubicin and deoxy  doxorubiciu),
epirubicin, esonubicin, 1danibicin, marcellomycin, mitormycins such as mitomycein C, mycophenolic
acid, nogalamycin, olivomycing, peplomyein, potfromycin, puroniycin, quelamycin, rodorubicin,
strepionigrin, streptozocin, tubercidin, obemimen, zinostatin, zorubicin; anti-metabolites such as

5
H
1

methotrexate and S-flucrogracil (3-FU); folic acid analogues such as denopterin, methotrexate,

pteropterin, trimeirexate; purine analogs such as fhidarabine, 6-mercaptopurine, thiamiprine,
thioguanine: pyrimidine analogs such as ancitabine, azacitidine, 6-azavridine, carmofur, cytarabine,

dideoxyuridine, doxifluridine, enocitabine, floxuridine; androgens such as  calusterone,

)

dromosianolone  propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such =a
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minoglutetiumide, mitotane, triostane; folic acid replenisher such as frolinic acid; aceglatone;
aldophospharnide glveooside; aminolevuhinic acid; eniluracil; amsacring; bestrabucil; bisantrenc

cdatraxate; demecolcing; diaziquone; elformthine; elliptinium acetate; an epothilone; etoglucid;
galliome mitrate; hydroxyurea; lentinan; lonmidamine; maytansinoids such a3 maytansing and
ansamitocing; nutoguazone;, miloxantrone; mopidanmol; nitracring; pentosiating  phenamet;
piranubicin; losoxantrone; podophyiiinic acid; 2-ethylhydrazide; procarbazine; PSK polysaccharide
complex (JHS Nataral Produocts, Eugene, Oreg.}; razonane; rhizoxing sizofuran; spirogermantum;
tenuazonic acid; triaziquong; 2,2.2"-tricklorotristhylamine; trichothecenes {eg, T-2 toxin,
verracurin A, roridin A and anguiding); rethan, vindesine;, dacarbazine; mannonwisting;
mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside (“Ara-C”); cyclophosphamide;
thiotepa; taxoids, e.g., TAXOL paclitaxel (Bristol-Myers Squibb Oncology, Princeton, N.1.J,
ABRAXANE Crenwophor-free, albumin-enginecred nanoparticle  forpwlation of  paclitaxel
{American Pharmaceutical Partners, Schaumberg, 111.), and TAXOTERE doxetaxel (Rhone-
Poulenc  Rorer, Amntony, France); chloranbucil; GEMZAR  gemcitabine; 6-thioguaning;
naercaptopuring; methotrexate; platinum analogs such as cisplatin, oxaliplatin and carboplatin;
vinblasting; plattouny etoposide (VP-16); osfamide; mitoxantrone; vincristineg; NAVELBINE,
vinorelbing; novanirone; teniposide; cdatrexate; daunomgycing aminopierin; xeloda; ibandronate;

minotecan {(Camptosar, CPT-11) (nchuding the treatment regimen of winotecan with 5-FU and

feacovorin; topoisomerase inhibitor RFS 2000; diftuoromethylomithine {DMFEFO); retinoids such as

5
H
1

retinoic acid; capecitabine; combretastating lencovorin {(LV); oxaliplatin, including the oxaliplatin
treatment regimen (FOLFOX); lapatintb (Tykerb); inhibitors of PRC-a, Raf, H-Ras, EGFR (eg,
eriotintb  (Tarcevay) and VEGF-A that reduce cell proliferation, dacogen, velcade, and

vy

pharmaceutically acceptable salts, acids or derivatives of any of the above.

Exemplary Derection Methods

In various embodiments, the present methods coraprise evaluating a presence, absence, or levelof a
protein and/or a nucleic acid. Ta various erabodiments, the present methods comprise evaluating a
presence, abgence, or level of a protein and/or 2 nuclkeic acid which can enhance the specificity
and/or sensitivity of BH3 profiling. In some embodiments, the evaluating is of & marker for patient
response. In some ernbodiments, the present methods comprise measurement vsing one or more of

mmunehistochemical staining, weslern blotting, in cell western, iwmmwuncflgorescent staining,

bmms

ELISA, and fluorescent activating cell sorting (FACS), or any other method described heremn or
known in the art. The present methods may comprise contacting an antibody with a tumor
specimen {e.g. biopsy or tissue or body fluid} to identify an epitope that is specific to the tissue or

body fluid and that is indicative of a state of a cancer.
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There are generally two sirategies used for detection of epitopes on antigens i body fluids or
tissues, direct methods and indirect methods. The direct method compriscs a ong-step staining, and
may tovolve a labeled antibody (e.g. FITC conjugated antiserum) reacting directly with the antigen
in a body fluid or tissue samnple. The indirect method comprises an vulabeled primary antibody that
reacts with the body fluid or tissue antigen, and & labeled secondary antibody that reacts with th

primary antibody. Labels can include radioactive labels, fluorescent labels, hapten labels such as,
biotin, or an enzyme such as horse radish peroxidase or alkaline phosphatase. Methods of
conducting these assays are well known in the art. See, e.g., Harlow ef al. (Antibodies, Cold Spring
Harbor Laboratory, NY, 1988), Harlow er af (Using Antibodies, A Laboratory Manual, Cold
Spring Harbor Laboratory, NY, 1999}, Virella {(Medical Immwunology, 6th edition, Informa
HealthCare, New York, 2007), and Diamandis ef a/. (Immunoassays, Academic Press, Inc., New
York, 1996). Kits for conducting these assays are commercially available from, for example,

Clontech Laboratorics, LLC. (Mountain View, CA).

In various embodiments, antibodies mclude whole antibodies and/or any antigen binding fragment
5 ! L= <

A

{e.g., an antigen-binding portion) and/or single chains of these {e.g. an antibody comprising at least
two heavy (H) chains and two light (L) chains inter-connected by disulfide bonds, an Fab fragment,
a monovalent fragment consisting of the Vy, Vi, Cp and CHI1 domains; a F{ab), fragment, a

bivalent fragment including two Fab fragments linked by a disulfide bridze at the hinge region; a Fd

1

fragment consisting of the Vy and CHI domains; a Fv fragiment consisting of the Vy and Vg

olycional and

o

domaing of a single amm of an antibady; and the like). In various ecobodiments, |

[

ona
monoclonal antibodies are uscful, as are isolated haman or humanized antibodies, or functional

fragments thereofl

Standard assays to evaluate the binding ability of the antibodies toward the target of various species
ar¢ known in the art, including for example, ELISAs, western blots and RIAs. The binding kinetics
{e.g., binding affinity} of antibodies also can be assessed by standard assays known in the art, such

as by Biacore analysis.

In another embodiment, the measvrement comprises evaluating a presence, absence, or level of a

g
Tee
Cic

mucleic acid. A person skilled in the art will appreciate that a number of methods can be used to

detect or quantify the DINA/RNA levels of appropriate markers.

(Gene expression can be measured using, for example, 1ow—t0—mid—plcx techniques, including but
oot limited to reporter gene assays, Northern blot, flucrescent in sifu hvbridization (FISH}, and

crse transcription PCR {(RT-PCR). Geune expression can also be measured using, for example,
higher-plex techniques, including but not lixntted, serial analysis of gene expression (SAGE), DNA

microarrays. Tiling array, RNA-Seg/whole transcriptome shoigun sequencing {WTSS), high-
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throughput sequencing, owliiplex PCR, raultiplex ligation-dependent probe amplification (MUPA),
DINA sequencing by ligation, and Lumioex/XMAP. A persor skilled in the art will appreciate that a
nuimber of methods can be used to detect or guantity the lovel of RNA products of the biomarkers
within a sample, including aways, such as microarrays, RT-PCR {(incloding gquantitative PCR},

muclease protection assays and Northern blot analyses,
Exemplary Cancers and Patients

In sore embodimenis the disclosure provides a method for determining a cancer treatment and/or

conprises a patient’s wmor or cancer cell spectimen. A cancer or umor refers o an uncountrolled

arowth of cells and/or aboormal tocreased cell survival and/or tchibition of apoptosis which
mnterferes with the normal functioning of the bodily organs and systerns. A subject that has a cancer

or a tumor 1s & subject having objectively measurable cancer cells present in the subject’s body.
Inchided n thes disclosure are bemign and malignant cancers, as well as dormant tumors or
micrometastases,  Cancers which migrate from their original location and seed vital organs can
eventually lead to the death of the subject through the functional deterioration of the affected

Qrgans

In various embodimends, the disclosure is applicable to pre-metastatic cancer, or metastaiic cancer.
Metasiasis refers to the spread of cancer from its primary site 1o other places in the body. Cancer

clis can break away frorn a privaary tamor, penetrale into tyophatic and blood vesscls, circulate
through the bloodstream, and grow m a distant focus (metastasize) in normal tissues ¢lsewhere in
the body. Metastasis can be local or distant. Metastasis 18 a sequential process, contingent on
turnor cells breaking off from the primary tumor, traveling through the bloodstream, and stopping at
a distant site. Al the new site, the cells establish a blood supply and can grow to form a life-
threatening mass.  Both stimmilatory and inhibitory molecular pathways within the tumor cell
regulate this behavior, and interactions between the tumor cell and host cells in the distant site are
also significant. Meiastases are often detected through the sole or combined use of magnetic

esonance imaging (MRI) scans, conputed tomography (CT) scans, blood and platelet counts, liver
J » & Il , ,

cp

funciion studics, chest X-rays and bone scans in addition to the monitoring of specific symptoms

hods described herein are directed toward the prognosis of cancer, diagnosis of cancer,
treatment of cancer, and/or the diagnosis, prognosis, treatment, prevention or amclioration of

growth, progression, and/or metastases of malignancies and proliferative disorders associated with

.

increased cell survival, or the inhibition of apoptosis. In some embodiments, the cancer is a

hematologic cancer, including, but not limiled to, acute myclogenous leukemia (AML), nwliiple

wyeloma, follicular lyropboma, acuic lymphoblastic leukemia (ALL), chronic lymphocytic

leukemia, and non-Hodgkin’s lymphoma inclading, but not fimited to, mantle cell lymphoma and

12
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diffuse large B-cell lymphoma. In some ernbodiments, the cancer is a solid fumor, including, but

oot Bmited to, von-sroall lung cell carcinoma, ovarian cancer, and melanoma.

In some embodiments, the disciosure relates to one or more of the following cancers: acuite

tymphoblastic levkemia (ALL), acute myeloid leukemia (AML), adrenocortical carcinoma, AIDS-
related cancers, anal cancer, appendix cancer, astrocytoma {e.g. childhood cerebellar or cerebral),

-
~1
H

basal-cell carcinoma, bile duct cancer, bladder cancer, bone tumor (e.g. osteosarcoma, malignant
fibrous histiocytoma}, brainstem ghioma, brain cancer, brain tumors {e.g. cerchellar astrocytoma,
cerchral astrocytorna/mmalignant glioma, ependymoma, medulloblastonsa, supratentorial primitive

neurocctodermal Wmors, visual pathway and hypothalamic glioma), breast cancer, brouchial

adenornas/carcinolds,  Burkits  lyrmapboma,  carcinoid  tomors,  certral  nervous  system
lymphomas,cerebellar astrocytona, cervical cancer, chronic Iymphocyiic leukemia (CLL), chvomic

myelogenous leskemia ({CML), chronic myeloproliferative disorders, colon cancer, culanecus t-cell
fymphoma, desmoplastic small round cell tumor, endometrial cancer, ependymoma, esophageal
cancer, BEwing’s sarcoma, extracramial germ cell tumor, extragonadal germ cell tumor, extrahepatic
bile duct cancer, eye cancer, gallbladder cancer, gastric (stomach)} cancer, gastrointestinal stromal

tumor (GIST), germ cell tumor {e.g extracramial, extragonadal, ovarian), gestational trophoblastic
tumor, ghiomas {e.g. brain stem, cerebral astrocytoma, visual pathway and hypothalamic), gastric
arcinoid, head and neck cancer, heart cancer, hepatoceliudar (liver) cancer, hypopharyngeal cancer,

.

hypothalamic and visual pathway glioma, mtraocular melanoma, islet cell carcinoma (endocrine
pancreas), kidney cancer {renal cell cancer), larvngeal cancer, loukemias (e.g. acute lymphocytic
feukemia, acute myclogenous leukemia, chronic Ivraphocytic leukemia, chronic myeloid leukemia,
haivy celly, lip and oval cavity cancer, liposarcoma, biver cancer, Tung cancer {e.g. non-small cell,
sraall cell), lymphoma {(eg. AlDS-related, Burkitt, cutaneous T-cell Hodgkin, won-Hodgkin,
pruntary  cerdral opervous system), medulloblastoma, mslanoma, Merkel cell  carcinona,
mesotheboma, metastatic squamous neck cancer, mouth cancer, mulliple endocrine neoplasia
syndrome,  multiple  myeloma, mycosis  fungoides,  myelodysplastic syndromes,
myelodysplastic/myeloproliferative diseases, myelogenous leukemia, myeloid levdemia, myeloid
leukemia, mycloproliferative disorders, chronic, nasal cavity and parapasal sings cancer,
nasopharyngeal carcinoma, neuroblastoma, non-Hodgkin lymphoma, non-small cell lung cancer,
oral cancer, oropharyngeal cancer, osteosarcoma, ovarian cancer, pancreatic cancer, pancreatic
cancer, paranasal simus and nasal cavity cancer, parathyroid cancer, penile cancer, pharyngeal
cancer, pheochromocytoma, pineal astocytoma  and/or germinoma, pineoblastoma  and
supratentorial primutive neuroectodermal tmors, pituitary adenonia, plasma cell neoplasia/nwuliiple
wyelonia, pleuropulmonary blastoma, primary central nervous system lymphoma, prostate cancer,
rectal cancer, remal cell carcinoma {(kidney cancer), renal pelvis and urcter, retinoblastoma,

rhahdorayosarcoma, salivary gland cancer, sarcoma {(e.g. Ewing faraily, Kaposi, soft tissue, uterine),
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Séeary syndroine, skin cancer {e.g. nonmelanoraa, melanoma, merkel cell), small cell tung cancer,
small irdestine cancer, soft tissue sarcoma, squamous ceil carcinorna, squamous ueck cancer,
stomach cancer, supratentorial prurdtive neurocctoderimal turnor, t-cell lymphoma, testicular cancer,
throat cancer, thymoma and thymic carcinoma, thyroid cancer, trophoblastic tumors, ureter and
renal pelvis cancers, urethral cancer, uterine cancer, gterine sarcoma, vagial cancer, visual pathway

and hypothalamic glioma, vubvar cancer, Waldenstrém macroglobulinenia, and Wilms tomor.

.

In one embodiment, the cancer is AML. AML is the second most comuon leukernia, with
approximately 13,000 newly diagnosed cases and 9,000 deaths annually in the US.  Although
approved therapies exist, the prognosis of many leukemia pationts is poor and the likelihood of

successtul treatment is low. The current standard of cave for AML 18 1nduction ¢ytosine arabinoside

=

ara-C) 1o combination with an antbracycline agent {such as, for exarople, daunarubicin, idarubicine
or mitoxantrone). This therapeuotic regimen is typically followed by adwministration of high dose
cytarabine and/or stem cell transplantation. These treatments have tmproved ouicome in young

patients. Progress has also been made in the treatment of acute promyelocytic legkermia, where
targeted therapy with all-trans retinoic acid {(ATRA) or arsenic trioxide have resulted m excellent
survival rates. However, patients over 60, a populaii(m which represents the vast majority of AML
cases, remain a therapeutic enigma. Although 65- of patients initially respond to existing
treatments, 63% of such responders undergo relapse, and many patients succund to the discass.

For at least this reason and because the afore-mentioned freatments may have severe side effects,

the jnventive predictive test can guide use of the treatment that mitigates these litigations. 1o some

embodiments, the present disciosure improves the likelihood of successful treatment by matching
the right patient to the right treatment. Fuorther, there currently oo tests o predict AML patient

response to freatment.

The term subject, as used herein uniess otherwise defined, 15 a mammal, e g, a human, mouse, rat,
» , a4

hamster, guinea pig, dog, cat, horse, cow, goat, sheep, pig, or non-human primate, such as ¢

» &

monkey, chimpanzee, or baboon. The terms “subject” and “patient” are used interchangeably.
Exemplary Specimens

In some cmbodiments, the present disclosure includes the measurement of a fwmor specimen,

.

including biopsy or surgical specimen sanples. In some embodiments, the specimen is sclected

-

Trom a frozen tumor tissue specimen, cultured cells

s 5 5

circulating tumor cells, and a formalin-tized

paraffin-erobedded twumor tissue specimen {eg. for antibody based BH3 profiling).  In some

embodiments, the biopsy 15 a human biopsy. In various embodiments, the biopsy is any cne of a

~

frozen tumor tissue specimen, cultured cells, circulating fumor cells, and a formalin-fixed paraffin-
3 5 &

embedded tmor tissue specimen {e.g for anubody based BH3 profiling).
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In some embodiments, the tumor specimen mway be a biopsy sample, such as a frozen tumor tssue
{cryosection} specimen.  As is koown in the arf, a cryosection may employ a cryostat, which
comprises a microtome iuside a freezer. The surgical specien is placed on a metal tissue dise
which is then secured 1n a chuck and frozen rapidly o about -20°C to about -30°C. The specimen is
embedded 1 a gel ke medim consisting of, for example, poly cthylene glycol and polyvinyl
alcohol. The frozen tissue is cut frozen with the nucrotome portion of the cryostat, and the section

is optionally picked up on 2 glass shde and stained.

In some embodiments, the tumor specimen may be a biopsy samaple, such as cultured cells. The
cells may be processed using the usual cell culture technigues that are known in the art, These cells

may be circulating turnor cells,

In some embodiments, the tumor specimen may be a biopsy sample, such as a formalin-fixed
paratfin-embedded (FFPE) tumor tissue specimen. As is known in the art, a biopsy specimen may
be placed in a container with formalin (a muixiure of water and formaldehyde} or some other fhuid to
preserve it. The tissue sample may be placed inio a mold with hot parafiin wax. The wax cools 1o
forot a solid biock that protects the tissue. This paraffin wax block with the smbedded tissue is

placed on a microtome, which cuts very thin slices of the tissu

In certain embodiments, the tamor specimen (or biopsy) contains less than 100 mg of tissue, or in
certam embodiments, contains about 50 mg of tissue or less. The tumor specimen {or biopsy) may

contain from about 20 mg to about 50 myg of tissue, such as about 35 mg of tissue.

The tissue may be obtained, for example, as one or aore {e.g., 1, 2, 3, 4, or 5} needic biopsies (e.g.,
using a [4-gauge needle or other suitable size). In some emboduments, the biopsy 18 a fine-needle
aspiration in which a long, thin needle s inserted into a suspicious area and a syringe is used to
draw out fluid and cells for analysis, In some embodiments, the biopsy is a core needle biopsy in
which a large needle with a cuiting tip is used during core needle biopsy to draw a column of tissue
out of a suspicious arca. In some embodiments, the b’iopsy is a vacuum-assisted biopsy in which a
suction device increases the amount of fluid and cefls that is exiracted through the needle. In some
embodiments, the bilopsy is an image-guided biopsy 1n which a needle biopsy is combined with

imaging procedure, such as, for example, X ray, computerized iomography {(CT), magnetic
resonance imaging (MRI} or ultrasound. In other embodiments, the sample may be obtained via a
device such as the MAMMOTOME® biopsy systern, which is a laser guided, vacuum-assisted

biopsy systern for hreast biopsy.

In certain entbodiments, the specimen i3 a lpman tumor-derived cell line. In certain embodiments,

the specimen is a cancer stem cell. In other embodiments, the specimen is derived from the biopsy

15
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of a solid turaor, such as, for example, a biopsy of a colorectal, breast, prostale, lung, pancreatic,

renal, or ovarian primary tumeor.

In certain embodiments, the specimen is of epithelial origin. In some embodiments, the epithelial
specimen 1s enriched by selection from a biopsy sample with an anti-epithelial cell adhesion

5 molecule (EpCAM) or other epithelial cell binding antibody bound to solid matrix or bead.

5
H
+83

In certain embodiments, the specimuen is of mesenchymal origine  In some embodiments, the
mesenchymal specimen s enniched by selection from a biopsy sample with a nevral cell adhesion
molecule (N-CAM} or newropilin or other mesenchymal cell binding antibody bound to a solid

miatrix or bead.,

13 In certain ershodiments, the specimen is derived from the biopsy of a von-solid tumor, such as, for

o

ccific embodinents, the specimen s derived

(‘b

xample, any of the cancer described bereine I s

I

frors the biopsy of a paticot with pwliple mycloma, acute wyelogenous leukerma, acui
tymphocytic leukemia, chronic lymphogenous leukenua, mantle cell Iymphoma, diffuse large B-cell
tymphoma, and non-Hodgkin’s lymphoma. In a specific embodiment, the specimen is a multiple
15 myeloma cell that is enniched by selection from 4 biopsy sample with an anti-CDi38 antibody

N
Ol
11

bound to a solid matrix or bead. In a specific embodiment, the specimen is an acute myelogenous

leakemia cell that i3 enriched by binding to a CD45-directed antibody. In a specific embodiment,
the specimen is a chronic [ymphogenous leukenuia or diffuse large B-cell lymphoma that is enriched

by non-B cell depletion.

20 In some embodiments, the specimen is denved om a ciurculating tumor cell,  In some

embodiments, the specimen is derived from a cireulaling fumor ce

5
H
i

L In some embodiments, the

specimen 1s performed on purified B cells from a cancer patient.

BH3 Profiling

=

In various erubodiments, the disclosure comprises BH3 profiling.  In various embodiments, the
B ke

st
LA

disclosure comprises BH3 profiling mn whach at least two, or three, or four, or five, or six, or sever,
or eight, or mine, or ten BH3 peptides are evaluated at once. In some embodiments, the present
methods comprise a multipeptide analysis, as opposed to an evahiation of a single BH3 peptide. In

some embodiments, a panel of BH3 peptides is screened on a single patient specimen.

I sorue embodunends, the BH3 profiling comprises use of a peptide, whercin the peptide s one ot
30 more of BIM, BIM2A, BAD, BID, HRK, PUMA, NOXA, BMF, BIK, and PUMAZA. In some
embodiments, the BH3 profiling conmprises ose of an antibody directed against one of more of BIM,

BIM2A, BAD, BID, HRK, PUMA, NOXA, BMF, BIK, and PUMAZA and naturally-ocouwrring
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heterodimers forrued between two Bel-2 proteins, eg. a st Bel-2 proten {e.g., Bim, Bid, Bad,

protein {e.g., Mcl-1, Bel-2, Bl X1, Bil-1

Puma, Noxa, Bak, Hrk, Bax, or Mulc) and a second Rel
or Bel-w) as described in ULS, Patent No. 8,168,755, the contents of which are hereby incorporated
by reference 1w their entireties. In some enmubodiments the BH3 profiling comprises use of a stapled

peptide {eg. a peptide generated through the synthetic enhancement of a 3-D alpha-helix protein

segment with hydrocarbon bonds to make proteins more nigid and able fo pencirate cells), as
described in, for example, Verdine, et al. “Stapled Peptides for Intracellular Drog Targets” Methods
in Enzymology, Volume 503 (Chap. 1}, the contents of which are hereby incorporated by reference

in their entireties.

In one ervhodiment, the peptide is used at a concentration of about 0.1 to about 200 pM. In some
embodiments, about 8.1 1o about 150, or about 8.1 1o about 100, or about 0.1 o about 50, or about
0.1 to about 10, or about €.1 10 about 3, about 1 {0 about 156, or about 1 to about 106, about 1 to
aboui 50, about 1 to about 10, about 1 o about 5 uM, or about 1€ to about 100 M of the peptide i

used. In some embodiments, a concentration of about 0.1, or about 0.5, or about 1.0, or about 5, or
about 18, or about 50, or about 100, or about 150, or about 200 pM of the peptide is used. In one

embodiment, the BH3 profiling comprises permeabilizing a specimen.

BH3 profiling and reagents useful for such a method is described in U.S. Patent Nos. 7,868,133;
8,221,966; and 8,168,755 and US Patent Publication No. 2611/0130309, the condents of which are

hereby 1ncorporated by reference in their entiveties.

Briefly, without wishing to be bound by theory, as a resuit of aberrant phenotypes, cancer cel
develop blocks i apoptosis pathways. These biocks make cancer cells both resistant to some
therapics, and, surprisingly, make some cancer cells sensitive to other therapies. The concept of
“oncogene addiction” describes the phenomena of the acquired dependence of cancer cells on, or
addiction to, particular protens for survival, BH3 profiling delermines if such a dependence on

cerfain apoptosis regulating proteins occurs in given cancer cells, and identifies the dependent

5
H
i

=
o

protein. Cancer cells can be, but are not always, pre-set to sndergo apoptosis and this is a function

it
H
8

of these cells being dependent on any, or all of the anti-apoptotic Bel-2 famuly proteins for their
otherwise unintended swrvival, This provides insight into the likelihood of a cancer cell o respond

to treatment.

Cancer cells, without wishing to be bound by theory, exhibii abnormalities, such as DNA damage,

enetic nstability, abnormal growth factor signaling, and abnormal or missing matrix interactions,
any of which should typically induce apoptosis through the wtrinsic {wutochondrial) apoptosis
pathway. However, rather than respond to these apoptosis signals cancer cells survive. Often, 1o

doing so, these cells becorme highly dependent on selected blocks to chronic apoptosis signals. This
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adaptation provides a survival mechanism for the cancer cells; however, these adaptations can also

make cancer cells suscepiible to particular apoptosis inducing therapics. A crucial evept that
commits a cell to die by miriusic apoptosis is the permeabilization of the outochondrial outer
membrane {MOMP) and the release of molecules that activate the effecior caspases. In many cases,
MOMP 15 the point of no return in the inlnnsic apoptosis pathway. The Bel-2 family proteins are
the key regulators of MOMP, and their activity is linked to the onset of tymphoid and several sobd
tumor cancers and is bebieved in many cancers to be the key mediator of resistance to

chemotherapy.

Bel-? proteins are regulated by distinet protein-protein iteractions between pro-survival {(anti-

apopiotic) and pro-apoptotic members.  These interactions occur primarily through BH3 (Bel-2

homology domain-3} mediated binding.  Apoplosis-initiating signaling occurs for the most part
upsiream of the mitochondria and causes the translocation of short, BH3-only, Bel-2 family
members to the nmitochondna where they either activate or sensitize MOMP. The activator BH3
only proteins, Bim and Bid, bind to and dwrectly activate the effector, pro-apoptotic proleins Bax
and Bak, and also bind to and inhibit the anti-apoptotic Bel-2 family proteins, Bel-2, Mcl-1, Bfi-1,
Bel-w and Bel-xb, The sensitizer BH3 proteins, Bad, Bik, Noxa, Hrk, Bmf and Puma, bind only to
the anti-apoptotic Bel-2 family proteins, Bel-2, Mcl-1, Bfl-1, Bel-w and Bel-xL, blocking their anti-
apopiotic functions. Without wishing to be bound by theory, cach sensitizer protein has a unique
specificity profile. For example, Noxa (A and B} bind with high affinity to Mcl-i, Bad binds to
Bel-xL and Bel-2 but only weakly to Mcl-1, and Puma binds well to all three targets. An anti-
apoptotic function of these proteins is the sequestering of the activator BH3 protein Binu and Bid.
Displacement of these activators by sensitizer peptides results in Bax/Bak-medwated apoptotic
comroitruent.  These interactions ¢an bave vartous ouicomes, including, without lunitation,

homeostasis, cell death, sensitization to apoptosis, and blockade of apoptosis.

A defining featare of cancer cells in which apoptotic signaling is blocked is an accumulation of th

BH3 only activator proteins at the mitochondrial surface, a result of these proteins being
soquestered by the anti-apoptotic proteins. This accumulation and proximity to their effector target
proteins accounts for increased sensitivity to armdagonism of Bel-2 family proteins i the “BH3

primed” state.

In some embodiments, a cell yielding & high apoptotic response to Noxa {A or B) is Mcl-1 primed,
while a high response to the peptide Bad mdicates that Bel-xL or Bel-2 provides the ﬁpop.otm
block. In some embodiments, Puma reflects pan-Bel-2 family priming. In this way, cells that are
dependent on either Mel-1 or Bel-xL, on both proteins, or on several Bel-2 family members are

readily distinguished so that appropriate treatmernt miay be tailored accordingly. The distinctions in

>

Papn 2
£
H

mitochondrial response to these peptides guides the use of therapics that are known o work through

[y
oo
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pathways that funnel into either Mcl-1 or Bel-xl affected jotrinsic signaling. The use of a Bel-2

inhibiting or a Mcl-1 inhibiting compound may be indicated in such cases. In some crubodiments,

the present methods also jndicate or countraindicate therapies that farget entities upstream of Mcl-1

or Bel-xL.

5 BH3 profiling assay identifies when a cell is in the primed state, as well as i which configuration
the priming has occurred. The state of the cell can be used to predict adverse events and/or

therapeutic efficacy of one or more cancer treatiaents.
Adverse Events

Adverse events {AEs) arise during cancer therapy and are associated with poor outcomes. For

10 waple, hematologic adverse events {AEs) are coromonly encouatered n patie

nayeloray MM, AML, CLL a:

s with (roultiple

1d other hermmatological cancers owing to the nature of the disease and

the effects of existing treatrusuts,

The hematologic complications in patients with MM include, but is not linuted to, anemia and may
be attributable to chronic, bleeding, or hemolysis, as well as relative deficiency of erythropoietin.
15 Examples, of other hematologic comorbidities commonly found in patients with MM are
thrombocytopenia and neutropenia. During the course of the discase, the majority of patients will
sxperience some degres in both cellular and humoral immunity suppression, secondary to T-cell

dysfunction, bypogarunaglobulinernia, and granulocytopenia.

These hematologic complications in MM are often further exacerbated by current therapeutic
20 regimens, which often inchide an immunomodulatory drug (IMiD), such as thalidomide and the
thalidomide analogs lenalidomide, and pomalidomide, or a proteasome inhibitor (P1), such as

bortezonub or carfilzomib.

Identifying patients who are at risk of reatment-caused adverse events enables the physician to take

preventative steps. For example, in a patient identified as at-risk for anemuia, treatment with

st
LA

erythropoietin may be warranted. Early identification of patient risk of AEs thus allows advanced

treatment could prevent drug induced comorbidities.

The BH3 profiling assays disclosed herein may be applied o a variety of adverse events (AE) to
guide a therapeutic regimen. By using algorithrn readouts from the BH3 profiling assays patiends at

rigk for a variety of adverse events can be dentified.

30 Suitable AEs for analysis using BH3 profiling assay include, but are not imited to: Leukocytosis-

high WBC counts; Leukopenia- low WBC counts; Pan-cytosis- all blood cell types are low; Pan-

19
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cytopenia- all blood cell types ave low; Thrombocytosis- bigh platelet counts; Thrombocytopenia-
low platelet counts; Polycythemia- high RBC counts; Anemia- low RBC counts; Lymphocytosis-
high lymphocyte counts; Lynphopenia- low lyrapbocyte counts; Myelocytosis- bigh wyeloid

counis; and Myelopema- low mvelond counts.

In particular aspects, the AEs listed above may be recognized by algorithms performed on data

obtained from BH3 profiling assays run on the pre-treatment samples or specimen from MM, AML,

1

CLL paticnts who bave been diagnosed. In other aspects, related =

SE

other hematological cancers including ALL, NHL, DLBCL, MDS, or FL.

.
H
i

zorithims may be applied to

We have established a method for converting BH3 profiling readouts of the existing native
state of Bel-2 proteins in cancer cells into a context for clinical determinations. The clinical
correlation studies were initially intended 1o identify patients most likely to have a posifive
response to treatment. To do this assay readouts are applied to response. Patients are
categorized as non-responder, partial responder, or responder. We have now discovered
that BH3 profiling readouts can be apphied to identify individoals that will have adverse

events {AEs).

The method for assessing likelthood of drug induced adverse events using BH3 profiling
readouts comprises, or in some cases, consists of the following steps: Collecting diagnosed
paticnt samples {c.g. peripheral blood or bone marrow biopsied specimens); Performing
Pracdicare Dx™ test comprising BH3 profiling as described; Identifying mitochondrial
membrane potential shifts in response to peptide, combinations of peptides, combinations
of peptides and smail molecule BH3 mimetics, or small molecuic mimetics alone;
Matching those readowuts to the occurrence to one or more Adverse BEvents in paticats to
develop an algorithm; Combining the results of the algorithm with other clinical prognostic

markers o determine a chnical outcome.
Tumor Lysis Syndrome (TL.5)

In particular aspects, the adverse event may be Tumor Lysis Syndrome. Tomor lysis syndrome
{TLS3) is a group of metabolic conplications that can occur after treatment of cancer, for example,
lymphomas and leukemias, and sometimes even without treatment. These complications are caused
by the breakdown products of dying cancer cells, and include hyperkalemia, hyperphosphatemia,
hyperuricemia and hyperaricosuria, hypocalcenia, and consequent acute vric acid nephropathy and

acute renal failure,
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The most coramon furpors associated with TLS are poorly differentiated lyrophomas, such as
Burkiti's lymphoma, and leukemuias, such as acute lyrapboblastic leukernia (ALL) and acute
myeloid leukenia (AML}), Other cancers {such as melanoma) have also been associated with TLS

but are less commorn.

Usaally, the precipitating medication regimen includes combimation chemotherapy, but TLS can be

triggered in cancer palienis by steroid treatment alone, and sometimes without any treatment—in

this case the condition is referred to as “sportancous fumor lysis syndrome.”

Symptoms and  pathogenesis  ioclude, for  example, hyperkalemia, hyperphosphatemia,
hyperphosphaternia, hypocalcenua, hyperonicermia lactic acidosis, and pretreatment spontaneous

tumor lysis syndrome.

TLS should be suspecied in paticals with large tumor burden wha develop acute renal failure along

with hyperuricernia (2.8, > about 15 mg/dL} or hyperphosphatemia (e.g. > about 8 g/dL}

In some embodiments, the Cairo-Bishop definition of TLS is employed. The Cairo-Bishop

o A

definition of laboratory tumor lysis syndrome includes an abnormality in two or more of the
following, accurring within three days before or seven days after chemotherapy: uric acid > about 8
mg/dl or aboui 25% increase; potassivin > about 6 meg/L or about 25% increase; phosphaie >
about 4.5 mg/dL or about 25% increase; and calcium < about 7 mg/dL or about 25% decrease. The
Cairo-Bishop definition of laboratory tumor lysis syndrorne includes laboratory tumor lysis

syndromne plus one or more of the following: increased serurn creatinine (about 1.5 times upper

Tirait of nowual); cardiac avhythioia or sudden death; and seizure. A grading scale (0-5) is used

? s

depending on the presence of 1lab TLS, serum creatinine, arrhythmias, or setames.

In some embodiments, the present methods are predictive of TLS i a patient upon administration

of one or more cancer freatments. In some embodiments, a high likelihood of TLS directs a

1

withholding of the cancer treaiment likely to cause such an adverse response.  Ins some

swbodiments, a high bkelihood of TLS diwrects treatment to prevent the ouset of TLS, jncluding, for

o

ample, a xanthine oxidase whibitor (e.g. allopurinol} and/or a urate oxidase cuzyme {(o.g

N '

rasburicase (uxicase}).

To determine variables from the BH3 profiling assay associated with Tumor lysis syndrome: BH3

profiling is performed on patient samples collected prior to treatment (e.g

o

. with alvocidib); Analysis

1 .
HES
i

is perfornied comparing the single variable, BH3 peptides alone or with other clinical variables

[74)

~

gender, for instance, to the occurrence of

te)

including but not limited to, cylogenetic status, age, and
turnor lysis syndrorae; and sigmificance is established using statistical ruethodologies including,

Wilcox p-value, Log regression p-value and AUC p-valoe
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For example, as shown 1 Figur , in CLL patients who were freated with alvocidib privoing with
BAD was significantly associated with the presence of TLS versus patients who did not experience
TL5. The AUC fom ROC-plot analysis for BAD was 0.75; this increased to 0.85 when combined

with clinical adjustment variables age and ECOG status,

The occurrence of tumor lysis syndrome in CLL paticnts enrolled in the study of the Abbott drug
ABT-263, Navitoclax, caused the halt of the study and the failure of the drug. Tt is likely that the
fatture of the drug would have been avoided if there had been a way to identify those patients who
are hughly likely to encounter the adverse events. Knowing susceptible paticnts allows guidance of

the drug use and changes in treatment to be determined.
Predicting adverse effects in pre-ireatment patients

Negative reactions to pharmacologic agents are due to mulitiple risk factors. Combining BH3
priming readouts with other determmants 1n algorithm readouts provide prognostic and predictive
cotrelates to the development of multiple types of adverse events that result from treatment with

chemotherapeutic therapies.

Th

»-‘-\

contribution of BH3 priming to these events, specific adverse events, along with other risk
P g > SP

o]

actors including age, cytogenetic status, efc. is determined using multivariate analysis, When
significant associations between priming states (and other nisk factors) and occurrence of side
effects are identified, individual algorithms are developed to determine the hikelihood of those side
effects as a result of the agents. These algorithms are identified in test cases, and the exact
contribution of each risk factor to a probability score for side effects is determined empirically.

Each algorithm may be validated on larger groups of patient samples. By applying the algorithm a

+} 1
} H
i

report is generated that sumimarizes the likelithood of response to treatments as well as the chance of

development of epecific adverse events. The data may be used to tailor the treatment regimen to

address thess concerns.
Hypothetical Algorithms, A, B and C are constant:

obability Scoren g 4 pesponse

= 4 X {BIM Priming (tumor celis}} + B + [Age] — C
X [{Cytogenetic Risk Score]

Probability Scorepryg 4 anemia
= A
% {HRK Priming{erythroblast cells) — Noxa Priming{ervthroblast cel
+ B + [Age] + € X [RBEC Count]

\3
‘~..—«"
et}
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Probability 5coT€prmg A rumor Lysis
= A{BAD Priming (tumor cells)] — B X [Cytogenetic Risk Score} + €
X % BoneMarrow Blasts)

Proba bi“éy SCOT@DTHQ A Tumer Lysis
= A{BAD Priming (Macvrophage) — PUMA priming{Macrophage)} — B
x [Cytogenetic Risk Scove] + € X [% BoneMarrow Blasts]

Probability Scorep, g g response
= A X [BAD Priming tumor cells} + B + [Age] ~ €
x [Cytogenetic Risk Score]

Probab iiity SCO?"E?‘.)/_,,“Q B Thrombocytopenia
= A X [BID Priming{platict celis}{ + B + [Age} - €
X [Cytogenetic Risk Score]

P?'Gbabi!ity Scorel)rug C autoimmune reponse
= A X{BID Priming(TH — 17 cells)] + B + [Age] — C X [TH — 17 cells]

Pmbabz[zty Scorei)rug C Auto immune Kesponse (RA)

= A X [BIM Priming(TH — 17 cellsy — M Priming(TH ~ 17 cells} | + B
+[Age] — € X [total THP — 1 counts in synovia

Hypothetical Report (Based on probabiity scores deterrined from algorithms

Patient Name

John Smith

Patient Birth Date

771977

Diagnosis AML
Specumen ID 1234567890
Diate/Time of Collection 10-9-2017 14:20
Assay BH3 Profile

Assay Date

10-10-2017

Assay Statug Pass
Probability of Response to Cytarabine Hagh
Probability of Anemia after Cytarabine Intermediate
Probahility of Turoor Lysis Syndrome after Cytarabine Low
Probability of Response to Azacitidine Low
Eic. Ete,
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Lxemplary Clinical Factors and Additional Biomarkers

In some embodiments, the disclosure comprises the evahmation of clinical factors. In some
emnbodiments, the disclosure comprises an evaluation of BH3 profiling and/or clinical factors to
assess & patient response. In some embodiments, a clinical factor that provides patient response
information in combination with a BH3 profiling study may not be linked to apoptosis. In some

embodiments, a clinical factor is non-apoptosis affecting.

In one embodiment, the chmcal factor is one or more of age, cylogencuce status, performance,

o & sk

histological subclass, gender, and disease stage

In one embodiment, the clinical factor is age. In one embodiment, the patient age profile is
classified as over about 10, or over about 20, or over about 30, or over about 40, or over about 50,

or over about 60, or over about 70, or over about 80 years old.

In one embodiment, the clinical factor is cytogenetic status. In sonme cancers, such as Wilms tumor
and retinoblastoma, for exanmple, gene deletions or inactivations are responsible for initiating cancer
progression, as chromosomal regions associated with tumor suppressors are commonly deleted or
mutated.  For exaniple, delstions, inversions, and transiocations are commonly detected

chromosome region 9p21 m gliomas, non-small-cell lung cancers, leukenias, and melanomas.
Without wishing to be bound by theory, these chromosomal changes may imactivate the tumor
suppressor cyclin-dependent kinase inbibitor 24, Along with these deletions of specific geunes,
large portions of chromosomes can also he lost.  For instance, chromosomes Ip and 16g are
coramonly lost in solid tumor cells. Gerne duplications and increases in gene copy rumbers can also
contribute to cancer and can be detected with transcriptional analysis or copy number variation

N
H
1

arrays. For example, the chromosomal region 12¢13-ql4 s amplified 8 meany sarcomas. This
chromosomal region encodes a binding protein called MDIM2, which s known to bind fo a3 tumor
suppressor called p53. When MDM2 is amplified, it prevents p33 from regulating cell growth,
which can result in tumor formation. Further, certain breast cancers are associated with
overexpression and inereases in copy number of the FREEZ gene, which codes for human epidermatl
growth factor receptor 2. Also, gains in chromosomal number, such as chromosomes 14 and 3q, are

also associated with increased cancer risk.

Cytogenetic status can be measured in a vanety of manners known in the art. For example, FISH,
traditional karyolyping, and virtual karyotyping {e.g. comparalive genomic hybridization arrays,
CGH and single nucleotide polymorphism arrays) may be used. For example, FISH may be used to
assess chromosome rearrangement at specific loci and these phenoniena are associated with disease

Tisk

(21

tatus. In some embodiments, the cytogentic status is favorable, intermediate, or unfavorable.
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In one embodiment, the clinical factor 8 patient performance. Performance status can be quantified
using any systera and methods for sconing a paticnt’s performance status are known in the art. The
meastire is ofien used to determine whether a patierd can receive chernotherapy, adjustment of dose
adjustment, and to determine intensity of palliative care. There are various scoring systems,
inchiding the Karnofsky score and the Zubrod score. Parallel scoring systems include the Global
Assessmeni of Functioming (GAF} score, which has been incorporated as the Gifth axis of the
Dagnostic and Statistical Manoal (DSM) of psychiatry. Higher performance statos {eg., at least
80%, or at least 70% using the Kamofsky scoring system) may indicate ireatment to prevent
progression of the disease state, and enhance the patient’s ability to accept chemotherapy and/or
radiation treatment. For example, m these embodiments, the patient is ambulatory and capable of

1

sclf care. In other embodiments, the evaluation is indicative of a patient with a low performance

status {e.g., less than 50%, less than 30%, or less than 20% using the Karnofsky scoring system), so
as 1o allow conventional radiotherapy and/or chemotherapy fo be tolerated. Tn these embodiments,

1

the patient ig largely confined to bed or chair and 1s disabled even for self-care.

13

The Kamofsky score runs from 100 to 0, where 100 is “perfect” health and 0 is death. The score
may be employed at intervals of 10, where: 100% is normal, no complaints, no signs of discase;
90% is capable of normal activity, few symptoms or signs of disease, 80% is normal activity with
some difficulty, some symptoms or signs; 70% is caring for self, not capable of normal activity or

.
H
i

work; 60% is requiring some help, can take care of most personal requirements; 50% requires help
often, requires frequent medical care; 40% is disabled, requires special care and help; 30% is
severely disabled, hospital admission indicaied but no risk of death; 20% 1s very ill, urgently
requiring adiission, requites supportive measures ot treatment; and 10% is moribund, rapidly

progressive fatal discase processes.

The Zubrod scoring system for performance status includes: 0, fislly active, able to carry on all pre-
disease performance without resiriction; 1, restricted in physically strenaous activity but ambulatory
and able to carry out work of a light or sedentary nature, e.g., light house work, office work; 2,
ambulatory and capable of all scif-care but unable io carry out any work activities, up and about
more than 30% of waking hours; 3, capable of only himited self-care, confined to bed or chair more
than 50% of waking hours; 4, completely disabled, cannot carry on any self-care, totally confined to

bed or chair; 3, dead.

I one embodiment, the clinical factor 15 a hustological subclass. In some embodiments, histological
samples of tumors are graded according to Elston & Ellis, Histopathology, 1991, 19:403-10, the

contents of which are hereby incorporated by reference in their entirsty.
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In one ewmbodiment, the clnical factor is gender. In one embodimend, the gender is male. In

(97
o=
E".a

3

another embodiment the gender s female,

In one embodiment, the clinical factor is disease stage. By way of non-limiting example, using the
overall stage grouping, Stage [ cancers are localized to one part of the body; Stage I cancers are
locally advanced, as are Stage 11 cancers. Whether a cancer is designated as Stage 1 or Stage 1
can depend on the specific type of cancer. In one non-limiting example, Hodgkin’s discase, Stage 11
indicates affected Tymph nodes on only one side of the diapbragm, whercas Stage HI indicates
affected lymph nodes above and below the diaphragm. The specific criteria for Stages I and i1
therefore differ according o diagnosis. Stage 1V cancers bave often metastasized, or spread fo other

organs or theoughout the body.

In some embodiments, the clinical factor is the French—American—British (FAB) classification

system for hematologic discases {e.g indicating the presence of dysmyelopoiesis and the

~

quaniification of myecloblasts and crythroblasis). In one embodimeni, the FAB for acute

lymphoblastic leukemias 1s L1-L3, or for acute myeloid leukemias s MO-M7.
9 o

In another embodiment, the method further comprises a measurement of an additional biomarker
selected from mutational status, single nucleotide polymorphisms, steady state protein levels, and
dynamic protein levels. In another embodiment, the method further comprises predicting a clinical
response in the patient. In another embodiment, the chinical response is about 1, about 2, about 3, or
about 5 year progression/event-free survival,

A variety of clinical factors have been identified, such as age profile and perforruance siatus. A
nurnber of static measurements of diagnosis have also been utihzed, such as cytogenetics and
molecolar events inchiding, without hmitation, mutations 1 the genes MLL, AML/ETG, FU3-1TD,

NPM1 (NPMct), CEBPeo, IDHIL, IDH2, RUNXI, ras, and WT1 and mn the epigenetic modifying

genes TET2 and ASXL, as well as changes in the cell signaling protein profile.

121

In some crabodiments, the preventive methods comprise administering a freatment to a patiend that
18 likely to be afflicted by cancer as guided by the methods described heretn.  In some

@mbodimenis, a subject 18 1ike}y o be afflicted by cancer if the subject is characierized by one or
more of a high rnisk for a cancer, a genetic predisposition to a cancer {e.g. genetic risk factors), a
previous episode of a cancer {e.g. new cancers and/or recurrence}, a family history of a cancer,
expostre to a cancer-inducing agent {e.g an eunvironmental agent), and pharmacogenomic
information (the effect of genotype on the pharmacokinetic, pharmacodynamic or etficacy profile of

a therapeutic).
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In some ernbodiments, a subject s likely to be afflicted by cancer if the subject is characterized by a

bigh risk for a cancer. In some embediroents, a subject is lkely to be afflicted by cancer i th

o

suhject 1s characterized by a genetic predisposition o a cancer.  In sore embodiruents, a genetic
predisposition to & caneer 1S a genetic clinieal factor, as 1s known in the art. Such clinical factors
may wmclude, by way of example, HNPCC, MLH1, MSHZ, MSHe6, PMS1, PMS2 for at least colon,
aterine, small bowel, stomach, urinary tract cancers. In some embodiments, a subject is likely to be
afflicted by cancer if the subject is characterized by a previous episode of a cancer. In some
embodiments, the subject has been afflicted with 1, or 2, or 3, or 4, or 5, or 6, previous episodes of
cancer. In some embodiments, a subject is likely to be aftlicted by cancer if the subject is
characterized by a family history of a cancer. In some embodiments, a parent and/or grandparent
and/or sibling and/or aunt/uncie and/or great aunt/great uncle, and/or cousin has been or is afflictex
with a cancer. In some embodiments, a subject is likely to be afflicted by cancer if the subject 1s
characierized by exposure to a cancer-inducing agent {e.g. an environmental agent). For exampie,
exposing skin to strong sunlight is a clinical faclor for skin cancer. By way of example, smoking is

a clinical factor for cancers of the Tung, mouth, larynx, bladder, kidoey, and several other orgaus.

Further, in some embodiments, the any one of the following clinical factors may be useful in the
methods described herein: gender; genetic risk factors; family history; personal history; race and
othnicity; features of the certain tissues; various benign conditions {e.g. non-proliferative lesions);

previous chesi radiation; carcinogen exposure and the like.

inical factors may be useful in

R
~1
Cil

Further st1ll, in some embodiments, the any one of the following ¢
the methods described hereir one or more of a cell surface marker CD33, a cell surface marker
D34, & FL'T3 mutation status, a p33 mutation status, a phosphorylation state of MEK-1 kinase, and

phosphorylation of serine at position 7¢ of Bel-2.

Tn some erobodiments, the chnical factor is expression levels of the cyickines, wcluding, without
5 k]

Hinitation, nterleukin-6. In some erubodiments, interleukin-6 levels will correlate with lkehbood

of response in MM patients, inclading a poor patient prognosis or a good patient prognosis.

In certain embodiments, the likelihood of response is determined by assessing a percent priming. In

te

certain embodiments, the printing is defined by the following equation:
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in which the AUC compriscs cither area under the curve or signal indensily; the DMSG comprises
the bascline unegative conirol; and the CCCP {Carbonyl cyanide m-chiorophenyl hydrazoune)

comprises an eifector of protewn synthesis by serving as uncoupling ageunt of the proton gradient

¢slablished during the normal activity of electron carriers in the electron {ransport chain in the
mitochondria comprises the baseline positive conirol.  In some embodiments, the area onder the

curve 1s established by homogenous time-resolved foorescence (HTRF). In some embodiments,
the time occurs over 3 window from between aboot ¢ to about 300 min to about 9 to about 30 min.
In some embodiments, the area under the curve is established by fluorescence activated cell sorting
(FACS). In some embodiments, the signal intensity is a single time point measurement that occurs

between about S nun and about 300 min.

In another erabodiment, the method comprises measuring the BH3 profiling assay and one or more
of a cell surface marker CD33, a cell surface marker CD34, a FL'T3 mutation status, a p33 mutation
status, & phosphorylation state of MEK-1 kinase, and phosphorylation of serine at position 70 of
Bel-Z; and correlating to efficacy in treating AML patients with cylarabine or cytarabine-based

chemotherapy and/or azacytidine.

In another embodiment, the method comprises measuring the BH3 profiling assay and one or more
of a el surface marker CD33, a cell surface marker CD34, a FLT3 mutation status, a p33 mutation
status, a pbosphorylation state of MEK-] kinase, and phosphorylation of serine at position 70 of

i

Bel-Z; and correlating to efficacy in treating MM patients with chemotherapy.

In still another embodiment, the cancer is AML and/or MM and the clinical facior is age profile

and/or cytogenetic status; or the cancer is AML and/or MM and the cancer treatment is cytarabine
or cytarabine-based chemotherapy and/or azacyiidine, or the cancer ireatment is cytarabine or
cytarabine-hased chemotherapy and/or azacyiidine and the choical factor 18 age profile and/or
cytogenetic status, or the cancer reatroent is cyiarabing or cytarabine-based chemotherapy and/or
azacytiding; the cancer is AML and/or MM; and the chinical factor is age profile and/or cylogenetic

status.

The disclosure also provides kits that can simplify the evaluation of tumor or cancer cell specimens.
A typical kit of the disclosure comprises various reagents inciuding, for exampls, one or more
gents to detect a BH3 peptide. A kit may also comprise one or more of reagents for detection,

including those useful in various detection methods, such as, for example, antibodies. The kit

further comprise materials necessary for the evaluation, jncluding welled plates, syringes, and t

oy
oy
[}

bike. The kit can further comprise a label or printed justructions wstructing the use of described

reage The kit can further comprise an freatment to be {ested,

o
oo
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application for conventence, however, except where contexi or an explicti statement indicates
i 9 9 i

every joumal article, patent, patent application, publication, and the bike that 1s mentioned herein is
ke 2 X *

L%}

hereby incorporated by reference in its entivety and for all purposes. All numerical ranges should be
understood to inclode each and every numerical point within the numerical range, and should be
interpreted as reciting each and every mumerical point individually. The endpoints of all ranges
directed to the same component or property are inclusive, and intended to be independently
combinable.

1
i

10 The term “about” when used in conmection with a referenced mumeric indication means the
referenced numeric ndication plus or nunus up to 10% of that referenced numeric indication. For

example, the language “about 507 covers the range 045 to 55,
X o -l ) gl

As used hercin, the word “uclude,” and Us variants, 1s intended to be non-limiting, such that
recitation of iteras i a st is ot to the exclusion of oiher like iterns that way also he useful 1o the
15 malerials, compositions, devices, and methods of this technology. Sumilarly, the terms “can” and
“may” and their variants are intended to be non-lumiting, such that recitation that an embodiment
cant orf may comprise ceriain elements or features does not exclude other embodiments of the
present technology that do not contain those elements or features. Although the open-ended term

]

“comprising,” as a synonym of terms such as including, containing, or having, is used herein to
20 describe and claim the disclosure, the present technology, or embodiments thereof, may

]

aliernatively be described using more limiting terms such as “consisting of” or “consisting

jatly of” the recited ingredients.
T

Unless defined otherwise, all technical and scientific terms berein have the same meaning as
commonly understood by one of ordinary skill in the art to which this disclosure belongs. Although

ary methods and matertals, similar or eqoivalent o those described herein, can be used m the

S
L%}

practice or testing of the present disclosure, the preferred methods and materials are described
herein. All publications, patents, and patent publications cited are meorporated by reference herein
> I o

in their entirety for all purposes.
EXAMPLES
30 EXAMPLE 1

RH3 Profiling
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Thawed aliquots of pretreatiment peripberal blood mononuclear cells containtng B cell chwomic
lymphogenous leukenia cells were punified for untouched B-cells by nown-B-cell depletion using a
cocktail of biotinylated monoclonal Abs {CD2, CD4, CD11b, D16, CD36, Anti-1gE, and CD235a
{glycophorin} and magnetic beads (Miltenyi Biotee, Auburm, CA). The extent of cell purification
was monitored by flow cytometry of stained cells before and after purification with anti-CD19-APC

i1
H
Ci

and anti-biotin antibody-FITC for the presence of non- B cells Iabeled with MAbs from depletion
cocktall Miltenyi Biotec, Agburn, CA)  Specimens were permeabilized with digilonin and
incubated with JC-1 mitochondrial dye and 100 uM BH3 peptides {(Bim, Puma, Noxa, Bad, Bmf,
Hil; Bim and Puma were also assayed at 0.1 uM and 10 pM, respectively) or with dimethyl
sulfoxide (DMBSO [(1%]) or Carbonyl cyanide m-chlorophenyl hydrazone (CCCP [10 puM]).
Samples were run in triplicate and fluorescent traces of JC-1 dyve monitored over 300 min of assay.
Area under the curve was integrated relative fo the positive control uncoupling reagent after
normalization for DMSG background:

PL ptide~CCCF

0 ¢ ={1 — :
o priming = (1 Crremrrer 1) % 100

Statistical Analvsis

Univariatc testing association between hiomarker status (% priming) and clinical response

L

classification or Tumor Lysis Syndrome {TLS) was by regr

o

cssion {Jnore than 2 groups compared) or
by logistic regression analysis (when two groups were analyzed). We pre-deterruined a statistical
analysis plan with significance of p<0.05. Marker predictive ability was asscssed using the arca
under the receiver operator charactenistic curve (AUC). Multivariate analyses were performaed
using logistic vegression and significant adjustivent vanables from paticnt clinicopathologic data.
Amnalyses utilized SAS software, version 9.2 {Cary, NC), R version 2.14.2 (Vienna, Austria}, and/or

Graphpad Prisim version 5.04 (La folla, CA}.
EXAMPLE 2

BH3 Profiling of Pre-Treatment Patient Specimens

1

From 26 study patticipants (tucdian age of 73.8 years [range: 61.1-80.7 years], aliquots of pre-

freatment specimens were thawed for the purpose of BH3 profiling. Upon thawing

9

these specimens
vielded cells with excellent viabiity (uedian of 82.1% [range: 62.2-97.9%] live cells). They were
then subjected o i vitro exposure to individual BH3 peptides, including an activator (Bim) and
several sensitizers (Noxa, Puma, Bad, Hrk, Bmf) as surrogates for the function of Bel-2 fanuly
proteins. Twenty-three of 26 tested specimens {n=8 and n=15 from BM and PB, respectively)

provided analyzable data, for an overall technical success rate of BB S%. Three samples were
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o

cluninated from statistical analysis due to 1osufficient cell numbers. Of note, 13 specunens were
analyzed in duplicate, with an overall Coclficient of Variation (CV) for repeat samples from
individual patients being generally between 3-5%, indicative of a technically robust assay {data oot

shown).

Association between Priming to BH3 Peptides and Respowse to Induction Therapy with

Vorinostat/GC

The percent priming, iLe. quantifiable propessity of 2 given BH3 peplide or BH3 mimetic
conmpound o induce nutochondnal depolarization relative to an uncouphing control agent, for each
peptide 15 sumarized in Table 2 separately for patients who responded to study therapy (Le.
achieved either CR/CRp) and those who failed treatment. Among the peptides assayed, only Noxa
clicited & statistically significantly different priming between responders (54.1 + 29.0% [mean+5D])

and non-responders {23.8 & 14.9%; p= .027); the percent priming with Noxa for individual patients
is depicted in Figure 1A, To test the ability of Noxa to serve as predictive biomarker, we emploved
the arca under the receiver operator characteristic curve (AUC) to analyze the sensitivity and
specificity of this biomarker, which yielded an AUC of 0.83 (93%C: §.65-1.00; p=0.00042; Figure
1B). Because we found responders 1o be significantly yvounger than non-responders (see Table 1),
we p@ri’bmled adjusted analyses of Noxa pruning  which we accounted for age as sccond
covariaie. As shownin Figure 1B, adjustiment for age (as a continuous variable) mproved the AUC
to 088 (95% CL 0.75-1.00). In contrast to Noxa, no statistically significant differences were found
for puiming induced with Bim (at 2 peptide concentrations), Pama (at 2 peptide concentrations),

Bad, Hrk, and Bmf (Table 2.
EXAMPLE 3

Association beiween Priming to BH3 Peptides or BH3 mimetic compounds in plateleiy as a

Biomarker for thrombocytopenia

Thawed aliguots of pretreatment peripheral blood movonuclear cells containing
erythroblast cells are prepared for BH3 profiling as described above with the following

&

distinctions that enable measurements to be rendered from the erythroblast populations;

Cells arc washed and resuspended in 200 pl of PBS containing 4% FBS for

mmunostaining. For analysis of erythreid differcntiation, colls are jncubated with 1:200
dilution of phycoerythrin-conjugated anti-CD71 (BD Biosciences) and allophyveocyanin-
conjugated anti-Ter-119 antibody (BD Biosciences) for 15 min at room temperature. For

enucleation analysis, cells are additionally stained with 10 pg/mi Hoechst 33342 (Sigma) at

5]
[
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room temperature for 15 min. Propidium jodide (BD Biosciences) at 4 final concentration
of 0.2 ug/ml is added to exclude dead cells from the analysis. Apoptosis is gvaluated by co-
staining with allophycocyanin-conjugated annexin V (BD Biosciences) and propidium
1edide. To perform cell cycle analysis, the cells are washed and resuspended in 50 pl of
PBS, fixed in 1 m of cold 90% cihanol, and stored at 4 °C overnight. The fixed cells are
washed and incubated in PBS containing propidiom iodide (20 pg/ml) and RNase-A (200
pg/mi) for 1 h at room temperature. Flow cytoraetry is perforroed using BD LSRRI (BD

Biosciences), and data analysis carried out using BD FACSDiva (BD Biosciences).

The association between priming to BH3 peptides or BH3 mimetic compounds and
response o itreatment with panobincstat, Navitoclax, Methotrexate or carboplatin is

established by performing variable regression analysis.

The percent priming, 1.e. quantifiable propensity of a given BH3 peptide or BH3 mimetic
compound to induce mitochondrial depolavization relative to an uncoupling control agent,

for each peptide is summarized.
EXAMPLE 4

Association between Priming to RH3 Peptides or BH3 mimetic compounds in erythroblasts

as a biomarker for onset of anemia

Thawed aliquots of pretreatment peripheral blood mononuclear cells containing
crythroblast cells are prepared for BH3 profiling as described above with the following

distinctions that coable measurements to be rendered from the erythroblast populations;

Cells are washed and resuspended in 200 pl of PBS containing 4% FBS {or
mmmnunostaining. For analysis of erythroid differentiation, cells are incubated with 1:200
dilution of phycoerythrin-conjugated anti-CD71 (BD Biosciences) for 15 min at room
temperature. For enucleation analysis, cells are additionally stained with 10 pg/od Hoechst
34580 (Life Technologies) at room temperature for 15 min. Apoplosis is evaluated by co-
statning with allophycocyanin-conjugated annexin V {BD Biosciences} and propidium
iodide (BD Biosciences) at a final concentration of 0.2 ug/ml is added to exclude dead celis
from the analysis. Flow cytorsetry is performed using B FACSCanto T (BD Biosciences),

and data analysis was carried out using BD FACSDiva (BD Biosciences).

(5]
[N
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The association between priming to BH3 peptides or BH3 mimetic compounds and
response to treatment with anti-tumor therapics, for instance, Veleade in combination with
reviamid and dexamcthasone, or cerlfizomib in combination with palmolidomide 15

established.
EXAMPLE 5

Association between priming to BHI peptides or BH3 mimetic compounds in macrophages

as @ hiomarker jor onset of colitis or Rheumatoid Arvthritis.

Thawed aliquots of pretreatment peripheral blood mounonuclear cells containing
crythroblast cells are prepared for BH3 profiling as described above with the following

distinctions that enable measurements to be rendered from the macrophage populations;

Cells are washed and resuspended in 200 pl of PBS containing 4% FBS {or
mmmnunostaining. For analysis of erythroid differentiation, cells are incubated with 1:200
dilution of Screen suspension THP-1 cells (monocytes) stained with the BD Lyoplate
human cell surface marker screening panel (Becion Dickenson) using flow cytometry.
Annexin V (BD Bioseciences) and propidium iodide (BD Biosciences) at a final
concentration of 0.2 ug/md is added to exclude dead cells from the analysis. Flow cytometry
was pertormed using BD FACSCanto 1T {BD Biosciences), and data analysis was carried
oul using BD FACSDiva (BD Biosciences).

Association between Priming to BH3 Pepiides or BH3 mimetic compounds and Response
to treatment with anti-tumor therapies that rely on mediating an Immune response against
the tumor, for fnstance, Yervoy (ipitimoumab) used alove or in combination with anti-PDL-

H{MPDL3280A, Genentech).

(5]
w3
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Table 2. BH3 profiling biomarkers discriminate clinical response to
alvocidib treatment

Eroof-of-principle, validation, and combined duta sets

o
Pririnipls Regression pealus AN A3 e D BES £
{n=38} $P0 w 8D w PR} peshee i
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Walidation
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Table 3. BHS3 profiling biomarkers discriminate patients with
tumor lysis syndrome {TLS) to alvocidib treatment

Correlation with Tumoy Lysis Syndr

o pyahes
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Splenomegaly 318 .13 367 L1347

Hepatomegaly 1.60 .74 G52 4.751.41, &3]

AThE deterion .27 .23 Q.60 145,78}
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CLAIMS

1. A method for determining the likelihood of an adverse response to one or more cancer
treatments in a chronic lymphocytic leukemia (CLL) patient, comprising:
determining a BH3 profile for the patient’s cell specimen;
wherein determining the BH3 profile comprises measuring a response to at least
one of BAD and PUMA;
wherein the BH3 profile indicates the patient for likelihood of an adverse
response to the one or more cancer treatments; and
classifying the CLL patient for likelihood of an adverse response to one or more cancer

treatments, wherein the adverse response is tumor lysis syndrome (TLS).

2. The method of claim 1, wherein determining the BH3 profile further comprises
measuring a response to at least one of BIM and HRK, wherein the BIM and HRK profile

indicates therapeutic efficacy.

3. The method of any of the above claims, wherein a high likelihood of an adverse response
to one or more cancer treatments directs treatment that comprises withholding of the one or more

cancer treatments causing the adverse response.

4. The method of any of the above claims, further comprising determining one or more

clinical factors of the patient.

5. The method of claim 4, wherein the one or more clinical factors are selected to increase

specificity and/or sensitivity of the BH3 profile for association with an adverse response.

6. The method of claim 4 or 5, wherein the clinical factor is one or more of age, cytogenetic

risk status, performance, histological subclass, gender, ECOG status, and disease stage.

7. The method of any of the above claims, further comprising measurement of an additional
biomarker selected from mutational status, single nucleotide polymorphisms, steady state protein

levels, and dynamic protein levels.

8. The method of any of the above claims, wherein the BH3 profiling is performed on

purified B cells from cancer patient.

AH26(24262854_1):MBS
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9. The method of any of the above claims, wherein the cancer treatment is one or more of
anticancer drugs, chemotherapy, surgery, adjuvant therapy, neoadjuvant therapy, a BH3 mimetic,
epigenetic modifying agent, topoisomerase inhibitor, cyclin-dependent kinase inhibitor, and a

kinesin-spindle protein stabilizing agent.

10. The method of any of the above claims, wherein the BH3 profiling comprises
permeabilizing the patient’s cancer cells, determining a change in mitochondrial membrane
potential upon contacting the permeabilized cells with one or more BH3 domain peptides; and
correlating a loss of mitochondrial membrane potential with chemosensitivity of the cells to

apoptosis-inducing chemotherapeutic agents.

1. The method of any of the above claims, wherein the BH3 profiling comprises a response
to BAD and to PUMA, and to onc or more of BIM, BIM2A, BFL, BID, HRK, NOXA, BMF,
BIK, and PUMA2A.

12. The method of any of the above claims, wherein the BH3 profiling comprises a use of a

peptide at a concentration of 0.1 uM to 200 uM.

13. The method of any of the above claims, wherein the specimen is a biopsy selected from a
frozen tumor tissue specimen, cultured cells, circulating tumor cells, a formalin-fixed paraffin-
embedded tumor tissue specimen, a human tumor-derived cell line, a cancer stem cell, a solid

tumor, a non-solid tumor, and a circulating tumor cell.

14. The method of any of the above claims, wherein the cell specimen comprises cells
selected from the group consisting of platelets, erythroblast cells, immunomodulating cells,

macrophages, dendritic cells, mast cells, and combinations thereof.

Eutropics Pharmaceuticals, Inc.
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON

AH26(24262854_1):MBS
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Highly “primed” CLL patient specimen
Figure 1B
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Poorly “primed” CLL patient specimen
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