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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

5 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, 

0 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

5 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.

20 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 

25 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 

30 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:

5 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 

0 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.

5 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 therapeutic efficacy to one or more cancer treatments wherein a BH3 

profile comprising BAD and/or PUMA is indicative of an adverse response to 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 treatment 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 response to one or more cancer 

treatments and a therapeutic efficacy to one or more cancer treatments; and f) classifying 

the patient for likelihood to adverse response to one or more treatments and therapeutic 

efficacy to one or more cancer treatments. In some embodiments, mitochondrial membrane 

permeabilization after contacting the cancer cell or specimen with BAD and/or PUMA is 

indicative of an adverse response to one or more cancer treatments, and mitochondrial 

membrane permeabilization after contacting the cancer cell or specimen with BIM and/or 

HRK is indicative of therapeutic efficacy to one or more cancer treatments. The details of the 

disclosure are set forth in the accompanying description below. Although methods and materials 

similar or equivalent to those described herein can be used in the practice or testing of the present 

disclosure, illustrative 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 include the plural unless the context 

clearly dictates otherwise. Unless defined otherwise, all technical and scientific terms used herein 

have the same meaning as commonly understood by one of ordinary skill in the art to which this 

disclosure belongs.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1A-C is a series of graphs showing untouched B-ceil isolation and representative BH3 

profiling readout data. C-cell CLL cells were isolated from patient PBMC specimens taken before 

therapeutic administration. An Ab cocktail was used to label the non-B cells while CD 19+ 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% purity to which to hone the 

BH3 profiling signal in subsequent downstream assay. Two representative patient specimen BH3 
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profiling data readouts (Panels B and C) are indicated as a typical highly primed as well as a poorly 

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, SD, PR) or as two groups (PD, SD). 

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

an adjustment variable in layered predictive modeling.

Table 2 shows BH3 profiling biomarkers discriminate clinical response to alvocidib treatment. 

CLL patients were divided into training and test cohorts and assayed independently blinded to 

outcomes. Both training (n-30) and test cohorts (n=32) displayed significance for regression p- 

values for Bim (0.1) and (Hrk) indicating each may be predictive of therapeutic response. In the 

combined data sets for all patients, Hrk is shown to display greatest predictive capacity and Bim 

(0.1) carries significance as well.

Figure 2A-C is a series of graphs showing Bim and Hrk BH3 profiling of CLL patients are 

correlated with alvocidib response in principal and validation cohorts. Dot plot depictions of 

training and test set cohorts as well as the combined data set by stratification of response into 3 

categories (PD, SD, 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 A) and ROC plot 

(Panel B) depictions of Bim(O.l) and Hrk response discrimination (2 groups: PD/SD, PR). While 

both Bim(O.l) and Hrk display AUG from ROC plot depictions of 0.73, Hrk models benefit from 

inclusion of significant clinical adjustment variable trisomy 12 to yield the increased AUC of 0.83 (p 

< .0001).

Table 3 shows BH3 profiling biomarkers discriminate patients with Tumor Lysis Syndrome (TLS) 

to alvocidib treatment. Both BAD and Purna( 10) BH3 profiling readouts are predictive of whether 

a patient may experience TLS following alvocidib treatment. Additionally, ECOG 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 

patients who did not experience TLS. The Bad AUC from ROC plot, analysis (Panel B) was 0.75; 

this increased to 0.85 when combined with clinical adjustment variables age and ECOG status.

DETAILED DESCRIPTION OF THE INVENTION

a
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BH3 profiling can provide insight into whether a particular cancer will respond to a selected 

treatment, in addition to whether that treatment is likely to cause adverse events, such as tumor lysis 

syndrome (TLS) that hinder the efficacy of treatment. Without being bound by theory, it is thought 

that cancer cells develop blocks in apoptotic pathways that have the effect of making some cancers 

5 resistant to some therapies, and other cancers sensitive to other therapies. The development of these 

pathway blocks can be determined by BH3 profiling, thereby identifying which cancer ceils are 

susceptible to a particular treatment and which are not. Cancer cells can exhibit abnormalities that 

would otherwise lead to apoptosis through the intrinsic (mitochondrial) apoptosis pathway, but if 

this pathway is blocked, the cancer cell will survive.

10 The Bcl-2 family of proteins, believed to be the key mediator of resistance to chemotherapy in 

many cancers, are key regulators of mitochondrial outer membrane penneabilization (MOMP), a 

crucial event that commits a cell to die by apoptosis. Binding among various members of the Bcl-2 

family can either activate or sensitize MOMP, depending upon which Bcl-2 proteins bind. By­

identifying the Bcl-2 protein binding in a cancer ceil or specimen, we can determine the apoptotic

15 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 Dx™) can predict the likelihood that a patient will experience an adverse response, 

including tumor lysis syndrome (TLS), upon administration of one or more cancer treatments.

20 Further, the diagnostic approaches described herein are useful in determining the likelihood one or 

more cancer treatments’ efficacy in a patient including, optionally, in combination with a prediction 

of adverse response.

In one 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 

25 tumor or cancer cell specimen; and classifying the patient for likelihood of an adverse response to 

one or more cancer treatments. In some embodiments, 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 

30 of an adverse response to one or more cancer treatments and a therapeutic efficacy to one or more 

cancer treatments wherein a BH3 profile comprising BAD and/or PUMA is indicative of an 

adverse response to one or more cancer treatments and a BH3 profile coinprising BIM and/or HRK 

is indicative of therapeutic efficacy to one or more cancer treatments.

4
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In other aspects, the cell specimen may be from a patient with, or suspected of having a tumor, but 

may not be a cell specimen derived from the tumor itself. For example, examples of cells not from 

the tumor itself include platelets, erythroblast cells, T-helper cell (including TH-1, TH-2, and ΤΉ- 

17), mast cells, macrophages, dendritic cells.
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In aspects, the cell specimen may contain an immunomodulating cell. An immunomodulating cell

is one that directly or indirectly is involved with infection, tissue repair, tissue self-recognition,

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

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

In some aspects, the diagnostic approaches are as described in PCT/US2013/040585, the contents of 

which are hereby incorporated by reference in their entirety.

Exemplary Clinical. Decisions

In some embodiments, the methods described herein are useful in the evaluation of a patient, for 

example, for evaluating diagnosis, prognosis, and response to treatment. In various aspects, the 

present disclosure comprises evaluating a tumor or hematological cancer. In various embodiments, 

the evaluation may be selected from diagnosis, prognosis, and response to treatment. In various 

embodiments, the evaluation is a determination of the likelihood of an adverse response. In various 

embodiments, the evaluation is a determination of therapeutic efficacy.

Diagnosis refers to the process of attempting to determine or identify a possible disease or disorder, 

such as, for example, cancer. Prognosis refers to predicting a likely outcome of a disease or 

disorder, such as, for example, cancer. A complete prognosis often includes the expected duration, 

the function, and a description of the course of the disease, such as progressive decline, intermittent 

crisis, or sudden, unpredictable crisis. Response to treatment is a prediction of a patient’s medical 

outcome when receiving a treatment. Responses to treatment can be, by way of non-limiting 

example, pathological complete response, survival, and progression free survival, time to 

progression, probability of recurrence.

In various embodiments, the present methods direct a clinical decision regarding whether a patient 

is to receive, or not receive, a specific treatment or therapy. In one embodiment, the treatment or 

therapy is the primary, main, or initial treatment or therapy. In one embodiment, the present 

methods are predictive of a positive response to neoadjuvant and/or adjuvant chemotherapy or a 

non-responsiveness or adverse response to neoadjuvant and/or adjuvant 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 to apoptotic effector agent and/or an agent that does not operate 
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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 administered or withheld.
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In one embodiment, the present methods direct a clinical decision regarding whether a patient is to 

receive adjuvant therapy after primary, mam or initial treatment, including, without limitation, a 

single sole adjuvant therapy. Adjuvant therapy, also called adjuvant care, is treatment that is given 

in addition to the primary, main 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 

been removed, but where there remains a s tatistical risk of relapse due to occult disease.

In some embodiments, the present methods direct a patient’s treatment to include adjuvant therapy. 

For example, a patient that is scored to be responsive to a specific treatment may receive such 

treatment as adjuvant therapy. Further, the present methods may direct the identity of an adjuvant 

therapy, by way of non-limiting 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 adjuvant therapy. Accordingly, in 

some embodiments, the present methods provide for providing or withholding adjuvant therapy 

according to a patient’s likely response. In this way, a patient’s quality of life, and the cost of care, 

may be improved.

In various embodiments, the present methods direct a clinical decision regarding whether a patient 

is to receive neoadjuvant therapy, e.g. therapy to shrink and/or downgrade the tumor prior to 

surgery. In some embodiments, neoadjuvant therapy means chemotherapy administered to cancer 

patients prior to surgery'. In some embodiments, neoadjuvant therapy means an agent, including 

those described herein, administered to cancer patients prior to surgery'. Types of cancers for which 

neoadjuvant chemotherapy is commonly considered include, for example, breast, colorectal, 

ovarian, cervical, bladder, and lung.

In some embodiments, the present methods direct a patient’s treatment to include neoadjuvant 

therapy. For example, a patient that is scored to be responsive to a specific treatment may receive 

such treatment as neoadjuvant therapy. Further, the present methods may direct the identity of a 

neoadjuvant therapy, by way of non-limiting example, as a treatmen t 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 neoadjuvant therapy. 

Accordingly, in some embodiments, the present methods provide for providing or withholding 

6
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neoadjuvant therapy according to a patient’s likely response. In tins way, a patient’s quality of life, 

and the cost of case, may be improved.
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In some embodiments, the present methods direct a clinical decision regarding whether a patient is 

to receive a specific type of treatment. Accordingly, in some embodiments, the present methods are 

a guiding test for patient treatment.

In some embodiments, the present methods provide information about the likely response that a 

patient is to have to a particular treatment. In some embodiments, the present methods provide a 

high likelihood of response and may direct treatment, including aggressive treatment. In some 

embodiments, the present methods provide a low likelihood of response and may direct 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 

toxicity from ineffective chemotherapies for a better quality of life. In some embodiments, the 

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 apoptosis and/or an 

agent that operates via apoptosis driven by direct protein modulation. In various embodiments, 

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 (Navitoclax), and 

obatoclax, WEP, bortezomib, and carfilzomib. In some embodiments, the present methods indicate 

a high or low likelihood of response to an agent that does not operate via apoptosis and/or an agent 

that does not operate via apoptosis driven by direct protein modulation. In various embodiments, 

exemplary agents that do not operate via apoptosis include kinesin spindle protein inhibitors, cyclin- 

dependent kinase inhibitor, Arsenic Trioxide (TRISENOX), MEK inhibitors, pomolidomide, 

azacytidine, decitibine, vorinostat, entinostat, dinaciclib, gemtuzumab, BTK inhibitors, PI3 kinase 

delta inhibitors, lenolidimide, anthracyciines, cytarabine, melphalam, Aky inhibitors, m’TOR 

inhibitors.

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

apoptotic agent or an agent that operates via apoptosis for cancer treatment. In another exernplaty 

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

operate via apoptosis.
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In a specific embodiment, the present methods are useful in predicting a cancer patient’s response 

and/or likelihood or an adverse reaction to any of the treatments (including agents) described herein. 

In an exemplary embodiment, the present disclosure predicts an AML patient’s likelihood of
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response to cytarabine and azacytidine and comprises an evaluation of the BH3 profile, age profile 

and cytogenetic factors of the patient.

In various embodiments, a cancer treatment is administered or withheld based 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, 

anemia therapeutics, blood clotting therapeutics, bone therapeutics, and psychiatric and 

psychological therapeutics).

In one embodiment, the methods disclosed herein may be used to classify the patient into a 

treatment group. In some non-limiting examples, patients are classified into 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 in dose of therapeutic, or administration of a different type of 

treatment (e.g. surgery, radiation, allogenic bone marrow or stem cell transplant). In various 

embodiments, a cancer treatment 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 

include, but are not limited to, one or more of anti-cancer drugs, chemotherapy, surgery, adjuvant 

therapy, and neoadjuvant 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 protein stabilizing agent. In another embodiment, the cancer 

treatment is a proteasome inhibitor; and/or a modulator of cell cycle regulation (by way of non­

limiting example, a cyclin dependent kinase inhibitor); and/or a modulator of cellular epigenetic 

mechanistic (by way of non-limiting example, one or more of a histone deacetylase (HDAC) (e.g. 

one or more of vorinostat or entinostat), azacytidine, decitabine); and/or an anthracycline or 

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

mitoxantrone, daunorubicin, idarubicin); and/or a platinum-based therapeutic (by way of non­

limiting example, one or more of carboplatin, cisplatin, and oxaliplatin); cytarabine or a cytarabine­

8
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based chemotherapy; a BH3 mimetic (by way of non-limiting example, one or more of BCL2, 

BCLXL, or MCL1); and an inhibitor of MCL1.

In various embodiments, the disclosure pertains to cancer treatments including, without limitation, 

those described in US Patent Publication No. US 2012-0225851 and International Patent
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Publication No. WO 2012/122370, the contents of which are hereby incorporated by reference in 

their entireties.

In various embodiments, the disclosure pertains 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, carboquone, 

metaredopa, and uredopa; ethylenimines and methyl amelamines including altretamine, 

triethylenemelamine, trietylenephosphoramide, trietbiylenethiophospboramide and 

trimethylolomelamine; acetogenins (e.g, bullatacin and bullatacinone); a camptothecin (including 

the synthetic analogue topotecan); bryostatin; cally statin; CC-1065 (including its adozelesin, 

carzelesin and bizelesin synthetic analogues); cryptophycins (e.g, cryptophycin 1 and cryptophycin 

8): dolastatin; duocarmycin (including the synthetic analogues, KW-2189 and CB 1-TM1); 

eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards such as chlorambucil, 

chlomaphazine, cholophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine 

oxide hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil 

mustard; nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and 

ranimnustine; antibiotics such as the enediyne antibiotics (eg., calicheamicin, especially 

calicheamicin gammall and calicheamicin omegall (see, e.g., Agnew, Chem. Inti. Ed. Engl., 33: 

183-186 (1994)); dynemicin, including dynemicin A; bisphosphonates, such as clodronate; an 

esperamicin; as well as neocarzinostatin chromophore and related chromoprotein enediyne 

antibiotic chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, 

cactinomycin, carabicin, carainomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin, 

detorubicin, 6-diazo-5-oxo-L-nor!eucine, ADRIAMYCIN doxorubicin (including morpholino­

doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and deoxy doxorubicin), 

epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such as mitomycin C, mycophenolic 

acid, nogalamycin, olivomycins, peplomycin, potfiromycin, puromycin, quelamycin, rodorubicin, 

streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as 

methotrexate and 5-fluorouracil (5-FU): folic acid analogues such as denopterin, methotrexate, 

pteropterin, trimetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine, 

thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, 

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

dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as

9
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minoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic acid; aceglatone; 

aldophosphamide glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; 

edatraxate; demecolcine; diaziquone; elformithine; elliptinium acetate; an epothilone; etoglucid; 

gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and 

5 ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; penloslatin; phenamet;

pirarubicin; iosoxantrone; podophyllinic acid; 2-ethylhydrazide; procarbazine; PSK polysaccharide 

complex (JUS Natural Products, Eugene, Oreg.); razoxane; rhizoxin; sizofuran; spirogermanium; 

tenuazonic acid; triaziquone; 2,2',2"-trichlorotriethylamine; trichothecenes (e.g., T-2 toxin, 

verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine; mannomustine; 

10 mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside (“Ara-C”); cyclophosphamide;

thiotepa; taxoids, e.g., TAXOL, paclitaxel (Bristol-Myers Squibb Oncology, Princeton, NJ.), 

ABRAXANE Cremophor-free, albumin-engineered nanoparticle formulation of paclitaxel 

(American Pharmaceutical Partners, Schaumberg, 111.), and TAXOTERE doxetaxel (Rhone- 

Poulenc Rorer, Antony, France); chloranbucil; GEMZAR gemcitabine; 6-thioguanine;

15 mercaptopurine; methotrexate; platinum analogs such as cisplatin, oxaliplatin and carboplatin; 

vinblastine; platinum; etoposide (VP-16); ifosfamide; mitoxantrone; vincristine; NAVELBINE, 

vinorelbine; novantrone; teniposide; edatrexate; daunomycin; aminopterin; xeloda; ibandronate; 

irinotecan (Camptosar, CPT-11) (including the treatment regimen of irinotecan with 5-FU and 

leucovorin); topoisomerase inhibitor RFS 2000; difluoromethylomithine (DMFO); retinoids such as 

20 retinoic acid; capecitabine; combretastatin; leucovorin (LV); oxaliplatin, including the oxaliplatin 

treatment regimen (FOLFOX); lapatinib (Tykerb); inhibitors of PKC-α, Raf, Η-Ras, EGFR (e.g., 

erlotinib (Tarceva)) and VEGF-A that reduce cell proliferation, dacogen, velcade, and 

pharmaceutically acceptable sal ts, acids or derivatives of any of the above.

25 Exemplary Detection Methods

In various embodiments, the present methods comprise evaluating a presence, absence, or level of a 

protein and/or a nucleic acid. In various embodiments, the present methods comprise evaluating a 

presence, absence, or level of a protein and/or a nucleic acid which can enhance the specificity 

and/or sensitivity of BH3 profiling. In some embodiments, the evaluating is of a marker for patient 

30 response. In some embodiments, the present methods comprise measurement using one or more of 

immunohistochemical staining, western blotting, in cell western, immunofluorescent staining, 

ELISA, and fluorescent activating ceil sorting (FACS), or any other method described herein 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 

35 body fluid and that is indicative of a state of a cancer.
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There are generally two strategies used for detection of epitopes on antigens in body fluids or 

tissues, direct methods and indirect methods. The direct method comprises a one-step staining, and 

may involve a labeled antibody (e.g. FITC conjugated antiserum) reacting directly with the antigen 

in a body fluid or tissue sample. The indirect method comprises an unlabeled primary antibody that 

reacts with the body fluid or tissue antigen, and a labeled secondary antibody that reacts with the 

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 et al. (Antibodies, Cold Spring 

Harbor Laboratory, NY, 1988), Harlow et al. (Using Antibodies, A Laboratory Manual, Cold 

Spring Harbor Laboratory, NY, 1999), Virella (Medical Immunology', 6th edition. Informa 

HealthCare, New York, 2007), and Diamandis et al. (Immunoassays, Academic Press, Inc., New 

York, 1996). Kits for conducting these assays are commercially available from, for example, 

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

In various embodiments, antibodies include whole antibodies and/or any antigen binding fragment 

(e.g., an antigen-binding portion) and/or single chains of these (e.g. an antibody comprising at least 

two heavy (Ή) chains and two light (L) chains inter-connected by disulfide bonds, an Fab fragment, 

a monovalent fragment consisting of the Vt,, Vh, Cl and CHI domains; a F(ab)2 fragment, a 

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

fragment consisting of the Vh and CHI domains; a Fv fragment consisting of the VL and Vh 

domains of a single arm of an antibody; and the like). In various embodiments, polyclonal and 

monoclonal antibodies are useful, as are isolated human or humanized antibodies, or functional 

fragme nts the reof.

S tandard assays to evaluate the binding ability' of the antibodies toward the targe t of various species 

are 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 measurement comprises evaluating a presence, absence, or level of a 

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

detect or quantity the DNA/RNA levels of appropriate markers.

Gene expression can be measured using, for example, low-to-mid-plex techniques, including but 

not limited to reporter gene assays, Northern blot, fluorescent in situ hybridization (FISH), and 

reverse transcription PCR (RT-PCR). Gene expression can also be measured using, for example, 

higher-plex techniques, including but not limited, serial analysis of gene expression (SAGE), DNA 

microarrays. Tiling array, RNA-Seq/whole transcriptome shotgun sequencing (WTSS), high- 
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throughput sequencing, multiplex PCR, multiplex ligation-dependent probe amplification (MLPA), 

DNA sequencing by ligation, and Luminex/XMAP. A person skilled in the art will appreciate that: a 

number of methods can be used to detect or quantify the level of RNA products of the biomarkers 

within a sample, including arrays, such as microarrays, RT-PCR (including quantitative PCR), 

5 nuclease protection assays and Northern blot analyses.

Exemplary Cancers and Patients

In some embodiments the disclosure provides a method for determining a cancer treatment and/or 

comprises a patient’s tumor or cancer cell specimen. A cancer or tumor refers to an uncontrolled 

growth of cells and/or abnormal increased cell survival and/or inhibition of apoptosis which 

10 interferes with the normal functioning of the bodily organs and systems. A subject that has a cancer 

or a tumor is a subject having objectively measurable cancer cells present in the subject’s body. 

Included in this disclosure are benign 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 

15 organs.

In various embodiments, the disclosure is applicable to pre-metastatic cancer, or metastatic cancer. 

Metastasis refers to the spread of cancer from its primary site io oilier places in the body. Cancer 

ceils can break away from a primary tumor, penetrate into lymphatic and blood vessels, circulate 

through the bloodstream, and grow in a distant focus (metastasize) in normal tissues elsewhere in 

20 the body. Metastasis can be local or distant. Metastasis is a sequential process, contingent on 

tumor cells breaking off from the primary tumor, traveling through the bloodstream, and stopping at 

a distant site. At the new site, the cells establish a blood supply and can grow to form a life­

threatening mass. Both stimulatory 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 

25 also significant. Metastases are often detected through the sole or combined use of magnetic 

resonance imaging (MRI) scans, computed tomography (CT) scans, blood and platelet counts, liver 

function studies, chest X-rays and bone scans in addition to the monitoring of specific symptoms.

The methods described herein are directed toward the prognosis of cancer, diagnosis of cancer, 

treatment of cancer, and/or the diagnosis, prognosis, treatment, prevention or amelioration of 

30 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 limited to, acute myelogenous leukemia (AML), multiple 

myeloma, follicular lymphoma, acute lymphoblastic leukemia (ALL), chronic lymphocytic 

leukemia, and non-Hodgkin’s lymphoma including, but not limited to, mantle cell lymphoma and 

12



WO 2015/066305 PCT/US2014/063121

5

10

15

20

25

30

35

diffuse large B-cell lymphoma. In some embodiments, the cancer is a solid tumor, including, but 

not limited to, non-small lung cell carcinoma, ovarian cancer, and melanoma.

In some embodiments, the disclosure relates io one or more of the following cancers: acute 

lymphoblastic leukemia (ALL), acute myeloid leukemia (AML), adrenocortical carcinoma, AIDS- 

related cancers, anal cancer, appendix cancer, astrocytoma (e.g. childhood cerebellar or cerebral), 

basal-cell carcinoma, bile duct cancer, bladder cancer, bone tumor (e.g. osteosarcoma, malignant 

fibrous histiocytoma), brainstem glioma, brain cancer, brain tumors (e.g. cerebellar astrocytoma, 

cerebral astrocytoma/malignant glioma, ependymoma, medulloblastoma, supratentorial primitive 

neuroectodermal tumors, visual pathway and hypothalamic glioma), breast cancer, bronchial 

adenomas/carcinoids, Burkitt's lymphoma, carcinoid tumors, central nervous system 

lymphomas,cerebellar astrocytoma, cervical cancer, chronic lymphocytic leukemia (CLL), chronic 

myelogenous leukemia (CML), chronic myeloproliferative disorders, colon cancer, cutaneous t-cell 

lymphoma, desmoplastic small round cell tumor, endometrial cancer, ependymoma, esophageal 

cancer, Ewing’s sarcoma, extracranial 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. extracranial, extragonadal, ovarian), gestational trophoblastic 

tumor, gliomas (e.g. brain stem, cerebral astrocytoma, visual pathway and hypothalamic), gastric 

carcinoid, head and neck cancer, heart cancer, hepatocellular (liver) cancer, hypopharyngeal cancer, 

hypothalamic and visual pathway glioma, intraocular melanoma, islet cell carcinoma (endocrine 

pancreas), kidney cancer (renal cell cancer), laryngeal cancer, leukemias (e.g. acute lymphocytic 

leukemia, acute myelogenous leukemia, chronic lymphocytic leukemia, chronic myeloid leukemia, 

hairy cell), lip and oral cavity cancer, liposarcoma, liver cancer, lung cancer (e.g. non-small cell, 

small cell), lymphoma (e.g. AIDS-related, Burkitt, cutaneous T-cell Hodgkin, non-Hodgkin, 

primary central nervous system), medulloblastoma, melanoma, Merkel ceil carcinoma, 

mesothelioma, metastatic squamous neck cancer, mouth cancer, multiple endocrine neoplasia 

syndrome, multiple myeloma, mycosis fungoides, myelodysplastic syndromes, 

myelodysplastic/myeloproliferative diseases, myelogenous leukemia, myeloid leukemia, myeloid 

leukemia, myeloproliferative disorders, chronic, nasal cavity and paranasal sinus cancer, 

nasopharyngeal carcinoma, neuroblastoma, non-Hodgkin lymphoma, non-small cell lung cancer, 

oral cancer, oropharyngeal cancer, osteosarcoma, ovarian cancer, pancreatic cancer, pancreatic 

cancer, paranasal sinus and nasal cavity cancer, parathyroid cancer, penile cancer, pharyngeal 

cancer, pheochromocytoma, pineal astrocytoma and/or germinoma, pineoblastoma and 

supratentorial primitive neuroectodermal tumors, pituitary adenoma, plasma cell neoplasia/multiple 

myeloma, pleuropulmonary blastoma, primary central nervous system lymphoma, prostate cancer, 

rectal cancer, renal cell carcinoma (kidney cancer), renal pelvis and ureter, retinoblastoma, 

rhabdomyosarcoma, salivaty gland cancer, sarcoma (e.g. Ewing family, Kaposi, soft tissue, uterine), 
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Sezary syndrome, skin cancer (e.g. nonmelanoma, melanoma, merkel cell), small cell lung cancer, 

small intestine cancer, soft tissue sarcoma, squamous cell carcinoma, squamous neck cancer, 

stomach cancer, supratentorial primitive neuroectodermal tumor, t-cell lymphoma, testicular cancer, 

throat cancer, thymoma and thymic carcinoma, thyroid cancer, trophoblastic tumors, ureter and 

renal pelvis cancers, urethral cancer, uterine cancer, uterine sarcoma, vaginal cancer, visual pathway 

and hypothalamic glioma, vulvar cancer, Waldenstrom macroglobulinemia, and Wilms tumor.
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In one embodiment, the cancer is AML. AML is the second most common leukemia, with 

approximately 13,000 newly diagnosed cases and 9,000 deaths annually in tire US. Although 

approved therapies exist, the prognosis of many leukemia patients is poor and the likelihood of 

successful treatinent is low. The current standard of care for AML is induction cytosine arabinoside 

(ara-C) in combination with an anthracycline agent (such as, for example, daunarubicin, idarubicine 

or mitoxantrone). This therapeutic regimen is typically followed by administration of high dose 

cytarabine and/or stem cell transplantation. These treatments have improved outcome in young 

patients. Progress has also been made in the treatment of acute promyelocytic leukemia, where 

targeted therapy with all-trans retinoic acid (ATRA) or arsenic trioxide have resulted in excellent 

survival rates. However, patients over 60, a population which represents the vast majority of AML 

cases, remain a therapeutic enigma. Although 65-85% of patients initially respond to existing 

treatments, 65% of such responders undergo relapse, and many patients succumb to the disease. 

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

the inventive predictive test can guide use of the treatment that mitigates these litigations. In some 

embodiments, the present disclosure improves the likelihood of successful treatment by matching 

the right patient to the right treatment. Further, there are currently no tests to predict AML patient 

response to treatment.

The term subject, as used herein unless otherwise defined, is a mammal, e.g., a human, mouse, rat,

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

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

Exemplary Specimens

In some embodiments, the present, disclosure includes tire measurement of a tumor specimen, 

including biopsy or surgical specimen samples. In some embodiments, tire specimen is selected 

from a frozen tumor tissue specimen, cultured cells, circulating tumor cells, and a formalin-fixed 

paraffin-embedded tumor tissue specimen (e.g. for antibody based BH3 profiling). In some 

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

frozen tumor tissue specimen, cultured cells, circulating tumor ceils, and a formalin-fixed paraffin- 

embedded tumor tissue specimen (e.g. for antibody based BH3 profiling).

14
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In some embodiments, the tumor specimen may be a biopsy sample, such as a frozen tumor tissue 

(cryosection) specimen. As is known in the art, a cryosection may employ a cryostat, which 

comprises a microtome inside a freezer. The surgical specimen is placed on a racial tissue disc 

which is then secured in a chuck and frozen rapidly to about -20°C to about -30°C. The specimen is 

embedded in a gel like medium consisting of, for example, poly ethylene glycol and polyvinyl 

alcohol. The frozen tissue is cut frozen with the microtome portion of the cryostat, and the section 

is optionally picked up on a glass slide and stained.
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In some embodiments, the tumor specimen may be a biopsy sample, such as cultured cells. These 

cells may be processed using die usual cell culture techniques that are known in the art. These ceils 

may be circulating tumor cells.

In some embodiments, the tumor specimen may be a biopsy sample, such as a formalin-fixed 

paraffin-embedded (FFPE) tumor tissue specimen. As is known in the art, a biopsy specimen may 

be placed in a container with formalin (a mixture of water and formaldehyde) or some other fluid to 

preserve it. The tissue sample may be placed into a mold with hot paraffin wax. The wax cools to 

form a solid block that protects the tissue. This paraffin wax block with the embedded tissue is 

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

In certain embodiments, the tumor specimen (or biopsy) contains less than 100 mg of tissue, or in 

certain embodiments, contains about 50 mg of tissue or less. The tumor specimen (or biopsy) may 

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

The tissue may be obtained, for example, as one or more (e.g, 1, 2, 3, 4, or 5) needle biopsies (e.g., 

using a 14-gauge needle or other suitable size). In some embodiments, the biopsy is a fine-needle 

aspiration in which a long, thin needle is 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 cutting tip is used during core needle biopsy to draw a column of tissue 

out of a suspicious area. In some embodiments, the biopsy is a vacuum-assisted biopsy in which a 

suction device increases the amount of fluid and cells that is extracted through the needle. In some 

embodiments, the biopsy is an image-guided biopsy in which a needle biopsy is combined with an 

imaging procedure, such as, for example, X ray, computerized tomography (CT), magnetic 

resonance imaging (MRI) or ultrasound. In other embodiments, the sample may be obtained via a 

device such as the MAMMOTOME® biopsy system, which is a laser guided, vacuum-assisted 

biopsy system for breast biopsy.

In certain embodiments, the specimen is a human tumor-derived cell line. In certain embodiments,

the specimen is a cancer stem cell. In other embodiments, the specimen is derived from the biopsy 
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of a solid tumor, such as, for example, a biopsy of a colorectal, breast, prostate, lung, pancreatic, 

renal, or ovarian primary tumor.
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In certain embodiments, the specimen is of epithelial origin. In some embodiments, the epithelial 

specimen is enriched by selection from a biopsy sample with an anti-epithelial cell adhesion 

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

In certain embodiments, the specimen is of mesenchymal origin. In some embodiments, the 

mesenchymal specimen is enriched by selection from a biopsy sample with a neural cell adhesion 

molecule (N-CAM) or neuropilin or other mesenchymal cell binding antibody bound to a solid 

matrix or bead.

In certain embodiments, the specimen is derived from the biopsy of a non-solid tumor, such as, for 

example, any of the cancer described herein. In specific embodiments, the specimen is derived 

from the biopsy of a patient with multiple myeloma, acute myelogenous leukemia, acute 

lymphocytic leukemia, chronic lymphogenous leukemia, mantle cell lymphoma, diffuse large B-cell 

lymphoma, and non-Hodgkin’s lymphoma. In a specific embodiment, the specimen is a multiple 

myeloma cell that is enriched by selection from a biopsy sample with an anti-CD138 antibody 

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

leukemia cell that is enriched by binding to a CD45-directed antibody. In a specific embodiment, 

the specimen is a chronic lymphogenous leukemia or diffuse large B-cell lymphoma that is enriched 

by non-B cell depletion.

In some embodiments, the specimen is derived from a circulating tumor cell. In some 

embodiments, the specimen is derived from a circulating tumor cell. In some embodiments, the 

specimen is performed on purified B cells from a cancer patient.

BH3 Profiling

In various embodiments, the disclosure comprises BH3 profiling. In various embodiments, the 

disclosure comprises BH3 profiling in which at least two, or three, or four, or five, or six, or seven, 

or eight, or nine, or ten BH3 peptides are evaluated at once. In some embodiments, the present 

methods comprise a multipeptide analysis, as opposed to an evaluation of a single BH3 peptide. In 

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

In some embodiments, the BH3 profiling comprises use of a peptide, wherein the peptide is one or 

more of BIM, BIM2A, BAD, BID, HRK, PUMA, NOXA, BMF, BIK, and PUMA2A. In some 

embodiments, the BH3 profiling comprises use of an antibody directed against one of more of BIM, 

BIM2A, BAD, BID, HRK, PUMA, NOXA, BMF, BIK, and PUMA2A and naturally-occurring 
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heterodimers formed between two Bcl-2 proteins, e.g. a first Bcl-2 protein (e.g., Bim, Bid, Bad, 

Puma, Noxa, Bak, Hrk, Bax, or Mule) and a second Bcl-2 protein (e.g., Mcl-1, Bcl-2, Bcl-XL, Bfl-1 

or Bcl-w) as described in U.S. Patent No. 8,168,755, the contents of which are hereby incorporated 

by reference in their entireties. In some embodiments the BH3 profiling comprises use of a stapled 

peptide (e.g. a peptide generated through the synthetic enhancement of a 3-D alpha-helix protein 

segment with hydrocarbon bonds to make proteins more rigid and able to penetrate cells), as 

described in, for example, Verdine, et al. “Stapled Peptides for Intracellular Drug Targets” Methods 

in Enzymology, Volume 503 (Chap. 1), the contents of which are hereby incorporated by reference 

in their entireties.
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In one embodiment, the peptide is used at a concentration of about: 0.1 to about 200 μΜ. In some 

embodiments, about 0.1 to about 150, or about 0.1 to about 100, or about 0.1 to about 50, or about 

0.1 to about 10, or about 0.1 to about 5, about 1 to about 150, or about 1 to about 100, about 1 to 

about 50, about 1 to about 10, about 1 to about 5 μΜ, or about 10 to about 100 μΜ of the peptide is 

used. In some embodiments, a concentration of about 0.1, or about 0.5, or about 1.0, or about 5, or 

about 10, or about 50, or about 100, or about 150, or about 200 μΜ 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 Publ ication No. 2011/0130309, the contents of which are 

hereby incorporated by reference in their entireties.

Briefly, without wishing to be bound by theory, as a result of aberrant phenotypes, cancer cells 

develop blocks in apoptosis pathways. These blocks make cancer cells both resistant to some 

therapies, 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 proteins for survival. BH3 profiling determines if such a dependence on 

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

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

of these cells being dependent on any, or all of the anti-apoptotic Bcl-2 family proteins for their 

otherwise unintended survival. This provides insight into the likelihood of a cancer cell to respond 

to treatment.

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

genetic instability, abnormal growth factor signaling, and abnormal or missing matrix interactions, 

any of which should typically induce apoptosis through the intrinsic (mitochondrial) apoptosis 

pathway. However, rather than respond to these apoptosis signals cancer cells survive. Often, in 

doing so, these cells become 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 susceptible to particular apoptosis inducing therapies. A crucial event that 

commits a cell to die by intrinsic apoptosis is the permeabilization of the mitochondrial outer 

membrane (MOMP) and the release of molecules that activate the effector caspases. In many cases, 

MOMP is the point of no return in the intrinsic apoptosis pathway. The Bcl-2 family proteins are 

the key regulators of MOMP, and their activity is linked to the onset of lymphoid and several solid 

tumor cancers and is believed in many cancers to be the key mediator of resistance to 

chemotherapy.

Bcl-2 proteins are regulated by distinct protein-protein interactions between pro-survival (anti- 

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

homology domain-3) mediated binding. Apoptosis-initiating signaling occurs for the most part 

upstream of the mitochondria and causes the translocation of short, BH3-only, Bcl-2 family 

members to the mitochondria where they either activate or sensitize MOMP. The activator BH3 

only proteins, Bim and Bid, bind to and directly activate the effector, pro-apoptotic proteins Bax 

and Bak, and also bind to and inhibit the anti-apoptotic Bcl-2 family proteins, Bcl-2, Mcl-1, Bfl-1, 

Bcl-w and Bcl-xL. The sensitizer BH3 proteins, Bad, Bik, Noxa, Hrk, Bmf and Puma, bind only to 

the anti-apoptotic Bcl-2 family proteins, Bcl-2, Mcl-1, Bfl-1, Bcl-w and Bcl-xL, blocking their anti- 

apoptotic functions. Without wishing to be bound by theory, each sensitizer protein has a unique 

specificity profile. For example, Noxa (A and B) bind with high affinity to Mcl-1, Bad binds to 

Bcl-xL and Bcl-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 Bim and Bid. 

Displacement of these activators by sensitizer peptides results in Bax/Bak-mediated apoptotic 

commitment. These interactions can have various outcomes, including, without limitation, 

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

A defining feature of cancer cells in which apoptotic signaling is blocked is an accumulation of the 

BH3 only activator proteins at the mitochondrial surface, a result of these proteins being 

sequestered by the anti-apoptotic proteins. This accumulation and proximity to their effector target 

proteins accounts for increased sensitivity’ to antagonism of Bcl-2 family proteins in the “BH3 

primed” state.

In some embodiments, a cell yielding a high apoptotic response to Noxa (A or B) is Mcl-1 primed, 

while a high response to the peptide Bad indicates that Bcl-xL or Bcl-2 provides the apoptotic 

block. In some embodiments, Puma reflects pan-Bcl-2 family priming. In this way, cells that are 

dependent on either Mcl-1 or Bcl-xL, on both proteins, or on several Bcl-2 family members are 

readily distinguished so that appropriate treatment, may be tailored accordingly. The distinctions in 

mitochondrial response to these peptides guides the use of therapies that are known to work through 
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pathways that funnel into either Mcl-1 or Bcl-xL affected intrinsic signaling. The use of a Bcl-2 

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

the present methods also indicate or contraindicate therapies that target entities upstream of Mcl-1 

or Bcl-xL.
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BH3 profiling assay identifies when a cell is in the primed state, as well as in 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 treatments.

Adverse Events

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

example, hematologic adverse events (AEs) are commonly encountered in patients with (multiple 

myeloma) MM, AML, CLL. and other hematological cancers ow ing to the nature of the disease and 

the effects of existing treatments.

The hematologic complications in patients with MM include, but is not limited to, anemia and may 

be attributable to chronic, bleeding, or hemolysis, as well as relative deficiency' of erythropoietin. 

Examples, of other hematologic comorbidities commonly' found in patients with MM are 

thrombocytopenia and neutropenia. During the course of the disease, the majority of patients will 

experience some degree in both cellular and humoral immunity' suppression, secondary' to T-cell

dysfunction, hypogammaglobulinemia, and granulocytopenia.

These hematologic complications in MM are often further exacerbated by current therapeutic 

regimens, which often include an immunomodulatory drug (IMiD), such as thalidomide and the 

thalidomide analogs lenalidomide, and pomalidomide, or a proteasome inhibitor (Pl), such as 

bortezomib or carfilzomib.

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

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

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 to a variety of adverse events (AE) to 

guide a therapeutic regimen. By using algorithm readouts from the BFI3 profiling assays patients at 

risk for a variety of adverse events can be identified.

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

high WBC counts; Leukopenia- low WBC counts; Pan-cytosis- all blood cell types are low; Pan­
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cytopenia- all blood cell types are low; Thrombocytosis■ high platelet counts; Thrombocytopenia- 

low platelet counts; Polycythemia- high RBC counts; Anemia- low RBC counts; Lymphocytosis- 

high lymphocyte counts; Lymphopenia- low lymphocyte counts; Myelocytosis- high myeloid 

counts; and Myelopenia- low myeloid 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, 

CLL patients who have been diagnosed. In other aspects, related algorithms may be applied to 

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

We have established a method for converting BH3 profiling readouts of the existing nati ve 

state of Bcl-2 proteins in cancer cells into a context for clinical determinations. The clinical 

correlation studies were initially intended to identify patients most likely to have a positive 

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 applied to identify individuals that will have adverse 

events (AEs).

The method for assessing likelihood of drug induced adverse events using BH3 profiling 

readouts comprises, or in some cases, consists of the following steps: Collecting diagnosed 

patient samples (e.g. peripheral blood or bone marrow biopsied specimens); Performing 

Praedicare Dx™ test comprising BH3 profiling as described; Identifying mitochondrial 

membrane potential shifts in response to peptide, combinations of peptides, combinations 

of peptides and small molecule BH3 mimetics, or small molecule mimetics alone: 

Matching those readouts to the occurrence to one or more Adverse Events in patients to 

develop an algorithm; Combining the results of the algorithm with other clinical prognostic 

markers to determine a clinical outcome.

Tumor Lysis Syndrome (TLS)

In particular aspects, the adverse event may be Tumor Lysis Syndrome. Tumor lysis syndrome 

(TLS) is a group of metabolic complications 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 hyperuricosuria, hypocalcemia, and consequent acute uric acid nephropathy and 

acute renal failure.
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The most common tumors associated with TLS are poorly differentiated lymphomas, such as 

Burkitt's lymphoma, and leukemias, such as acute lymphoblastic leukemia (ALL) and acute 

myeloid leukemia (AML). Other cancers (such as melanoma) have also been associated with TLS 

but are less common.
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Usually, the precipitating medication regimen includes combination chemotherapy, but TLS can be 

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

this case the condition is referred to as “spontaneous tumor lysis syndrome.”

Symptoms and pathogenesis include, for example, hyperkalemia, hyperphosphatemia, 

hyperphosphatemia, hypocalcemia, hyperuricemia’ lactic acidosis, and pretreatment spontaneous 

tumor lysis syndrome.

TLS should be suspected in patients with large tumor burden who develop acute renal failure along 

with hyperuricemia (e.g. > 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 

definition of laboratory tumor lysis syndrome includes an abnormality in two or more of the 

following, occurring within three days before or seven days after chemotherapy: uric acid > about 8 

mg/dL or about 25% increase; potassium > about 6 meq/L or about 25% increase; phosphate > 

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 syndrome includes laboratory tumor lysis 

syndrome plus one or more of the following: increased serum creatinine (about 1.5 times upper 

limit of normal); cardiac arrhythmia or sudden death; and seizure. A grading scale (0-5) is used 

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

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

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

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

embodiments, a high likelihood of TLS directs treatment to prevent the onset of TLS, including, for 

example, a xanthine oxidase inhibitor (e.g. allopurinol) and/or a urate oxidase enzyme (e.g. 

rasburicase (uricase)).

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. with alvocidib); Analysis 

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

including but not limited to, cytogenetic status, age, and gender, for instance, to the occurrence of 

tumor lysis syndrome; and significance is established using statistical methodologies including, 

Wilcox p-value, Log regression p-value and ALIC p-value
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For example, as sho wn in F igure 4, in CLL patients who were treated with alvocidib priming with 

BAD was significantly associated with the presence of TLS versus patients who did not experience 

TLS. The AUG from 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 sy ndrome in CLL patients enrolled in the study of the Abbott drag 

ABT-263, Navitoclax, caused the halt of the study and the failure of the drag. It is l ikely that the 

failure of the drug would have been avoided if there had been a way to identify those patients who 

are highly l ikely to encounter the adverse events. Knowing susceptible patients allows guidance of 

the drag use and changes in treatment to be determined.

Predicting adverse effects in pre-treatmentpatients

Negative reactions to pharmacologic agents are due to multiple risk factors. Combining BIT3 

priming readouts with other determinants in algorithm readouts provide prognostic and predictive 

correlates to the development of multiple types of adverse events that result from treatment with 

chemotherapeutic therapies.

The contribution of BII3 priming to these events, specific adverse events, along with other risk 

factors including age, cytogenetic status, etc. is determined using multivariate analysis. When 

significant associations between priming states (and other risk factors) and occurrence of side 

effects are identified, individual algorithms are developed to determine the likelihood of those side 

effec ts as a result of the agents. These algorithms are identified in test cases, and the exac t 

contribution of each risk factor to a probability score for side effects is determined empirically. 

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

report is generated that summarizes the likelihood of response to treatments as well as the chance of 

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

address these concerns.

Hypothetical Algorithms, A, B and C are constant:

Probability ScoreDrugA ftespOnse
~Ax [BIM Priming (tumor cells)] + B --.- [Atfe] -- C
x [Cytogenetic Risk Score]

Probability Score^rUg λ Anemia

= A
x [H.RK Priming (erythroblast cells') — N oxa Priming (erythroblast cells)] 
+ B -t- [AtfeJ + C x [RBC Count]
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Probability ScoreDrug A Tumor Lysis

~ A [BAD Priming (tumor cells)] — B x [Cytogenetic Risk Score] + C
x [% BoneMarrow Blasts]

Pl obabillty Scot eP;rug Tumor Lysis

~ A[BAD Priming (Macrophage) — PUMA priming (Macrophage)] ■■■ B 
x [Cytogenetic Risk Score] + C x [% BoneMarrow Blasts]

Probability ScoreDrug B Response
= A X [BAD Priming tumor cells] + B -t- [Age] - C 

[Cytogenetic Risk Score]

Probability ScoreBrUg B Thrombocyto-penia

= A x [BID Priming(platlet cells)] + B -e [Age] -- C
x [Cytogenetic Risk Score]

Probability ScoreDrug C autoimmune reponse

= A x [BID Primin.g(TH - 17 cells)] + B w [Age] - C x [TH - 17 cells]

Probability Score,, ,,s DrugC Auto immune Response (RA)

= A x [BIM Priming(TH - 17 cells) — IM Priming(TH — 17 cells) ] + B
[Age] ■■■ C x [total THP — 1 counts in synovia

5

Hypothetical Report (Based on probability scores determined from algorithms):

Patient Name John Smith
Patient Birth Date 7-7-1977
Diagnosis AML
Specimen ID 1234567890
Date/Tirne of Collection 10-9-2017 14:20
Assay BH3 Profile
Assay Date 10-10-2017
Assay Status Pass
Probability of Response to Cytarabine Hi°h________________suzW________________
Probability of Anemia after Cytarabine Intermediate
Probability of Tumor Lysis Syndrome after Cytarabine Low
Probability of Response to Azacitidine Low
Etc. Etc.
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Exemplary Clinical Factors and Additional Biomarkers

In some embodiments, the disclosure comprises the evaluation of clinical factors. In some 

embodiments, the disclosure comprises an evaluation of BH3 profiling and/or clinical factors to 

assess a 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 clinical factor is one or more of age, cytogenetic status, performance, 

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 some cancers, such as Wilms tumor 

and retinoblastoma, for example, gene deletions or inactivations are responsible for initiating cancer 

progression, as chromosomal regions associated with tumor suppressors are commonly deleted or 

mutated. For example, deletions, inversions, and translocations are commonly detected in 

chromosome region 9p21 in gliomas, non-small-cell lung cancers, leukemias, and melanomas. 

Without wishing to be bound by theory, these chromosomal changes may inactivate the tumor 

suppressor cyclin-dependent kinase inhibitor 2A. Along with these deletions of specific genes, 

large portions of chromosomes can also be lost. For instance, chromosomes Ip and 16q are 

commonly lost in solid tumor ceils. Gene duplications and increases in gene copy numbers can also 

contribute to cancer and can be detected with transcriptional analysis or copy number variation 

arrays. For example, the chromosomal region 12ql3-qI4 is amplified in many sarcomas. This 

chromosomal region encodes a binding protein called MDM2, which is known to bind to a tumor 

suppressor called p53. When MDM2 is amplified, it prevents p53 from regulating cell growth, 

which can result in tumor formation. Further, certain breast cancers are associated with 

overexpression and increases in copy number of the ERBB2 gene, which codes for human epidermal 

growth factor receptor 2. Also, gains in chromosomal number, such as chromosomes Iq and 3q, are 

also associated with increased cancer risk.

Cytogenetic status can be measured in a variety of manners known in the art. For example, FISH, 

traditional karyotyping, and virtual karyotyping (e.g. comparative 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 phenomena are associated with disease 

risk status. In some embodiments, the cytogentic status is favorable, intermediate, or unfavorable.
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In one embodiment, the clinical factor is patient performance. Performance status can be quantified 

using any system and methods for scoring a patient’s performance status are known in the art. The 

measure is often used to determine whether a patient can receive chemotherapy, adjustment of dose 

adjustment, and to determine intensity of palliative care. There are various scoring systems, 

including the Kamofsky score and the Zubrod score. Parallel scoring systems include the Global 

Assessment of Functioning (GAF) score, which has been incorporated as the fifth axis of the 

Diagnostic and Statistical Manual (DSM) of psychiatry. Higher performance status (e.g., at least 

80%, or at least 70% using the Kamofsky scoring system) may indicate treatment to prevent 

progression of the disease state, and enhance the patient’s ability to accept chemotherapy and/or 

radiation treatment. For example, in these embodiments, the patient is ambulatory and capable of 

self 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 Kamofsky scoring system), so 

as to allow conventional radiotherapy and/or chemotherapy to be tolerated. In these embodiments, 

the patient is largely confmed to bed or chair and is disabled even for self-care.

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 disease; 

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 

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 indicated but no risk of death; 20% is very ill, urgently 

requiring admission, requires supportive measures or treatment; and 10% is moribund, rapidly 

progressive fatal disease processes.

The Zubrod scoring system for performance status includes: 0, fully active, able to cany on all pre­

disease performance without restriction; 1, restricted in physically strenuous activity' but ambulatory 

and able to cany out work of a light or sedentary nature, e.g, light house work, office work; 2, 

ambulatory' and capable of all self-care but unable to carry out any work activities, up and about 

more than 50% of waking hours; 3, capable of only limited 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; 5, dead.

In one embodiment, the clinical factor is a histological 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 entirety.
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In one embodiment, the clinical factor is gender. In one embodiment, the gender is male. In 

another embodiment the gender is female.
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In one embodiment, the clinical factor is disease stage. By way of non-limiting example, using the 

overall stage grouping, Stage I cancers are localized to one part of the body; Stage II cancers are 

locally advanced, as are Stage III cancers. Whether a cancer is designated as Stage II or Stage III 

can depend on the specific type of cancer. In one non-limiting example, Hodgkin’s disease, Stage II 

indicates affected lymph nodes on only one side of the diaphragm, whereas Stage III indicates 

affected lymph nodes above and below the diaphragm. The specific criteria for Stages II and III 

therefore differ according to diagnosis. Stage IV cancers have often metastasized, or spread to other 

organs or throughout the body.

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

system for hematologic diseases (e.g. indicating the presence of dysmyelopoiesis and the 

quantification of myeloblasts and erythroblasts). In one embodiment, the FAB for acute 

lymphoblastic leukemias is LI -L3, or for acute myeloid leukemias is M0-M7.

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 clinical 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 performance status. A 

number of static measurements of diagnosis have also been utilized, such as cytogenetics and 

molecular events including, without limitation, mutations in the genes MLL, AML/ETO, Flt3-ITD, 

NPM1 (NPMc+), CEBPa, IDH1, IDH2, RUNX1, ras, and WT1 and in the epigenetic modifying 

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

In some embodiments, the preventive methods comprise administering a treatment to a patient that 

is likely to be afflicted by cancer as guided by the methods described herein. In some 

embodiments, a subject is likely to be afflicted by cancer if the subject is characterized by one or 

more of a high risk 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, 

exposure to a cancer-inducing agent (e.g. an environmental agent), and pharmacogenomic 

information (the effect of genotype on the pharmacokinetic, pharmacodynamic or efficacy profile of 

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

high risk for a cancer. In some embodiments, a subject is likely to be afflicted by cancer if the 

subject is characterized by a genetic predisposition to a cancer. In some embodiments, a genetic 

predisposition to a cancer is a genetic clinical factor, as is known in the art. Such clinical factors 

may include, by way of example, HNPCC, MLH1, MSH2, MSH6, PMS1, PMS2 for at least colon, 

uterine, 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 afflicted 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/uncle and/or great aunt/great uncle, and/or cousin has been or is afflicted 

with a cancer. In some embodiments, a subject is likely to be afflicted by cancer if the subject is 

characterized by exposure to a cancer-inducing agent (e.g: an environmental agent). For example, 

exposing skin to strong sunl ight is a clinical factor for sk in cancer. By way of example, smoking is 

a cl inical factor for cancers of the lung, mouth, larynx, bladder, kidney, and several other organs.

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 

ethnicity; features of the certain tissues; various benign conditions (e.g. non-proliferative lesions); 

previous chest radiation; carcinogen exposure and the like.

Further still, in some embodiments, the any one of the following clinical factors may be useful in 

the methods described herein: one or more of a cell surface marker CD33, a cell surface marker 

CD34, a FLT3 mutation status, ap53 mutation status, a phosphorylation state of MEK-1 kinase, and 

phosphorylation of serine at position 70 of Bcl-2.

In some embodiments, the clinical factor is expression levels of the cytokines, including, without 

limitation, interleukin-6. In some embodiments, interleukin-6 levels will correlate with likelihood 

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

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

certain embodiments, the priming is defined by the following equation: 

; dfofori *·</€ ■■· fom-cu:
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in which the AUC comprises either area under the curve or signal intensity; the DMSO comprises 

the baseline negative control; and the CCCP (Carbonyl cyanide m-chlorophenyl hydrazone) 

comprises an effector of protein synthesis by serving as uncoupling agent of the proton gradient 

established during the normal activity of electron carriers in the electron transport chain in the 

mitochondria comprises the baseline positive control. In some embodiments, the area under the 

curve is established by homogenous time-resolved fluorescence (HTRF). In some embodiments, 

the time occurs over a window from between about 0 to about 300 min to about 0 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

10 between about 5 min and about 300 min.

In another embodiment, the method comprises measuring the BH3 profiling assay and one or more 

of a cell surface marker CD33, a cell surface marker CD34, a FLT3 mutation status, a p53 mutation 

status, a phosphorylation state of MEK-1 kinase, and phosphorylation of serine at position 70 of 

Bcl-2; and correlating to efficacy in treating AML patients with cytarabine or cytarabine-based 

15 chemotherapy and'or azacytidine.

In another embodiment, the method comprises measuring the BH3 profiling assay and one or more 

of a cell surface marker CD33, a cell surface marker CD34, a FLT3 mutation status, a p53 mutation 

status, a phosphorylation state of MEK-1 kinase, and phosphorylation of serine at position 70 of 

Bcl-2; and correlating to efficacy in treating MM patients with chemotherapy.

20 In still another embodiment, the cancer is AML and/or MM and the clinical factor 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 azacytidine, or the cancer treatment is cytarabine or 

cytarabine-based chemotherapy and/or azacytidine and the clinical factor is age profile and/or 

cytogenetic status, or the cancer treatment is cytarabine or cytarabine-based chemotherapy and/or

25 azacytidine; the cancer is AML and/or MM; and the clinical factor is age profile and/or cytogenetic

status.

The disclosure also provides kits that can simpl ify the evaluation of tumor or cancer cell spec imens.

A typical kit of the disclosure comprises various reagents including, for example, one or more 

agents to detect a BH3 peptide. A kit may also comprise one or more of reagents for detection, 

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

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

like. The kit can further comprise a label or printed instructions instructing the use of described 

reagents. The kit can further comprise an treatment to be tested.
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It should be understood that singular forms such as “a,” “an,” and “the” are used throughout this 

application for convenience, however, except where context or an explicit statement indicates 

otherwise, the singular forms are intended to include the plural. Further, it should be understood that 

every journal article, patent, patent application, publication, and the like that is mentioned herein is 

hereby incorporated by reference in its entirety and for all purposes. All numerical ranges should be 

understood to include each and every numerical point within the numerical range, and should be 

interpreted as reciting each and every numerical point individually. The endpoints of all ranges 

directed to the same component or property are inclusive, and intended to be independently 

combinable.

The term “about” when used in connection with a referenced numeric indication means the 

referenced numeric indication plus or minus up to 10% of that referenced numeric indication. For 

example, the language “about 50” covers the range of 45 to 55.

As used herein, the word “include,” and its variants, is intended to be non-limiting, such that 

recitation of items in a list is not to the exclusion of other like items that may also be useful in the 

materials, compositions, devices, and methods of this technology. Similarly, the terms “can” and 

“may” and their variants are intended to be non-limiting, such that recitation that an embodiment 

can or may comprise certain 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 

describe and claim the disclosure, the present technology, or embodiments thereof, may 

alternatively be described using more limiting terms such as “consisting of’ or “consisting 

essentially of’ the recited ingredients.

Unless defined otherwise, all technical and scientific terms herein have the same meaning as 

commonly understood by one of ordinary skill in the art to which this disclosure belongs. Although 

any methods and materials, similar or equivalent to those described herein, can be used in the 

practice or testing of the present disclosure, the preferred methods and materials are described 

herein. All publications, patents, and patent publications cited are incorporated by reference herein 

in their entirety for all purposes.

EXAMPLES

EXAMPLE 1

BH3 Profiling
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Thawed aliquots of pretreatment peripheral blood mononuclear cells containing B cell chronic 

lymphogenous leukemia ceils were purified for 'untouched B-cells by non-B-cell depletion using a 

cocktail of biotinylated monoclonal Abs (CD2, CD4, GDI lb, CD16, CD36, Anti-IgE, and CD235a 

(glycophorin) and magnetic beads (Miltenyi Biotec, Auburn, CA). The extent of cell purification 

was monitored by flow cytometry of stained cells before and after purification with anti-CD19-APC 

and anti-biotin antibody-FITC for the presence of non- B cells labeled with MAbs from depletion 

cocktail Miltenyi Biotec, Auburn, CA). Specimens were permeabilized with digitonin and 

incubated with JC-1 mitochondrial dye and 100 μΜ BH3 peptides (Bim, Puma, Noxa, Bad, Bmf, 

Hrk; Bim and Puma were also assayed at 0.1 μΜ and 10 μΜ, respectively) or with dimethyl 

sulfoxide (DMSO [(1%]) or Carbonyl cyanide m-chlorophenyl hydrazone (CCCP [10 μΜ]). 

Samples were ran in triplicate and fluorescent traces of JC-1 dye monitored over 300 min of assay. 

Area under the curve was integrated relative to the positive control uncoupling reagent after 

normalization for DMSO background:

,,, ., ,. .Peptide-CCCf' , „„% priming -(1- (-A--------------)) χ iqq■ - DMSo-cccp jj

Statistical Analysis

Univariate testing association between biomarker status (% priming) and clinical response 

classification or Tumor Lysis Syndrome (TLS) was by regression (more than 2 groups compared) or 

by logistic regression analysis (when two groups were analyzed). We pre-determined a statistical 

analysis plan with significance of p<0.05. Marker predictive ability was assessed using the area 

under the receiver operator characteristic curve (AUC). Multivariate analyses were performed 

using logistic regression and significant adjustment variables from patient clinicopathologic data. 

Analyses utilized SAS software, version 9.2 (Cary, NC), R version 2.14.2 (Vienna, Austria), and/or 

Graphpad Prism version 5.04 (La Jolla, CA).

EXAMPLE 2

BH3 Profiling ofPre-Treatment Patient Specimens

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

treatment specimens were thawed for the purpose of BH3 profiling. Upon thawing, these specimens 

yielded cells with excellent viability (median of 82.1% [range: 62.2-97.9%] live ceils). They were 

then subjected to in vitro exposure to individual BH3 peptides, including an activator (Bim) and 

several sensitizers (Noxa, Puma, Bad, Hrk, Bmf) as surrogates for the function of Bcl-2 family 

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 88.5%. Three samples were 
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eliminated from statistical analysis due to insufficient cell numbers. Of note, 13 specimens were 

analyzed in duplicate, with an overall Coefficient of Variation (CV) for repeat samples from 

individual patients being generally between 3-5%, indicative of a technically robust assay (data not 

shown).

Association between Priming to BH3 Peptides and Response to induction Therapy with 

Vorinostat/GO

The percent priming, i.e. quantifiable propensity of a given BH3 peptide or BH3 mimetic 

compound to induce mitochondrial depolarization relative to an uncoupling control agent, for each 

peptide is summarized in Table 2 separately for patients who responded to study therapy (i.e. 

achieved either CR/CRp) and those who failed treatment. Among the peptides assayed, only Noxa 

elicited a statistically significantly different priming between responders (54.1 ± 29.0% [mean±SD]) 

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 employed 

the area under the receiver operator characteristic curve (AUC) to analyze the sensitivity and 

specificity of this biomarker, which yielded an AUC of 0.83 (95%CI: 0.65-1.00; p=0.00042; Figure 

IB). Because we found responders to be significantly younger than non-responders (see Table 1), 

we performed adjusted analyses of Noxa priming in which we accounted for age as second 

covariate. As shown in Figure IB, adjustment for age (as a continuous variable) improved the AUC 

to 0.88 (95% CI: 0.75-1.00). In contrast io Noxa, no statistically significant differences were found 

for priming induced with Bim (at 2 peptide concentrations). Puma (at 2 peptide concentrations), 

Bad, Ilrk, and Bmf (Table 2).

EXAMPLE 3

Association between Pruning to BH3 Peptides or BH3 mimetic compounds in platelets as a 

biomarker for thrombocytopenia

Thawed aliquots of pretreatment peripheral blood mononuclear 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:

Celis are washed and resuspended in 200 μΐ of PBS containing 4% FBS for 

immunostaining. For analysis of erythroid differentiation, cells are incubated with 1:200 

dilution of phycoerythrin-conjugated anti-CD71 (BD Biosciences) and allophycocyanin- 

conjugated anti-Ter-119 antibody (BD Biosciences) for 15 min at room temperature. For 

enucleation analysis, ceils are additionally stained with 10 pg/mi Hoechst 33342 (Sigma) at 
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of 0.2 pg/ml is added to exclude dead ceils from the analysis. Apoptosis is evaluated by co­

staining with allophycocyanin-conjugated annexin V (BD Biosciences) and propidium 

iodide. To perform cell cycle analysis, the cells are washed and resuspended in 50 μΐ of 

PBS, fixed in 1 ml of cold 90% ethanol, and stored at 4 °C overnight. The fixed cells are 

washed and incubated in PBS containing propidium iodide (20 pg/ml) and RNase-A (200 

pg/ml) for 1 h at room temperature. Flow cytometry is performed using BD LSRII (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 to treatment with panobinostat, Navitociax, Methotrexate or carbopiatin is 

established by performing variable regression analysis.

The percent priming, i.e. quantifiable propensity of a given BH3 peptide or BH3 mimetic 

compound to induce mitochondrial depolarization relative to an uncoupling control agent, 

for each peptide is summarized.

EXAMPLE 4

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

as a biomarker for onset of anemia

Thawed aliquots of pretreatment peripheral blood mononuclear 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 are washed and resuspended in 200 μ! of PBS containing 4% FBS for 

immunostaining. 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/ml Hoechst 

34580 (Life Technologies) at room temperature for 15 min. Apoptosis is evaluated by co­

staining 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 ceils 

from the analysis. Flow cytometry is performed using BD FACSCanto II (BD Biosciences), 

and data analysis was carried out using BD FACSDiva (BD Biosciences).
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The association between priming to BH3 peptides or BH3 mimetic compounds and 

response to treatment with anti-tumor therapies, for instance, Velcade in combination with 

revlamid and dexamethasone, or carifizomib in combination with palmolidomide is 

established.

5 EXAMPLE 5

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

as a biomarker for onset of colitis or Rheumatoid Arthritis.

Thawed aliquots of pretreatment peripheral blood mononuclear cells containing 

erythroblast cells are prepared for BH3 profiling as described above with the following

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

Cells are washed and resuspended in 200 μΐ of PBS containing 4% FBS for 

immunostaining. For analysis of erythroid differentiation, cells are incubated with 1:200 

dilution of Screen suspension THP-1 ceils (monocytes) stained with the BD Lyopiate 

human ceil surface marker screening panel (Becton Dickenson) using flow cytometry.

15 Annexin V (BD Biosciences) and propidium iodide (BD Biosciences) at a final 

concentration of 0.2 ng/nil is added to exclude dead cells from the analysis. Flow cytometry 

was performed using BD FACSCanto II (BD Biosciences), and data analysis was carried 

out using BD FACSDiva (BD Biosciences).

Association between Priming to BH3 Peptides or BH3 mimetic compounds and Response 

20 to treatment with anti-tumor therapies that rely on mediating an immune response against 

the tumor, for instance, Yervoy (ipilimumab) used alone or in combination with anti-PDL- 

1 (MPDL3280A, Genentech).
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Table 2. BH3 profiling biomarkers discriminate clinical response to
alvocidib treatment
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Tabie 3. BH3 profiling biomarkers discriminate patients with 
tumor lysis syndrome (TLS) to alvocidib treatment
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0 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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0 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.

11. The method of any of the above claims, wherein the BH3 profiling comprises a response 

to BAD and to PUMA, and to one 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 μΜ to 200 μΜ.

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.

Entropies Pharmaceuticals, Inc.

Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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