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METHODS AND MONITORING OF TREATMENT WITH A DLL4 ANTAGONIST

CROSS-REFERENCE TO RELATED APPLICATONS
[0001] This application claims priority benefit of U.S. Provisional Application No. 61/720,768, filed
October 31, 2012 which is hereby incorporated by reference herein in its entirety.

FIELD OF INVENTION
[0002] The present invention relatesto the field of treating diseases with a DL L4 antagonist. More
particularly, the invention provides methods for treating cancer comprising administering a DLL4
antagonist, either alone or in combination with other anti-cancer agents, and monitoring for

cardiovascular side effects and/or toxicity.

BACKGROUND OF THE INVENTION
[0003] Cancer isone of the leading causes of death in‘the developed world, with over one million
people diagnosed with cancer and 500,000 deaths per year in the United States alone. Overdl it is
estimated that morethan 1in 3 people will develop some form of cancer during their lifetime. There
are more than 200 different types of cancer, four of which—breast, lung, colorectal, and prostate—
account for almost half -of -all-new cases (Siegel et a., 201 1, CA: A Cancer J. Clin. 61:212-236).
[0004] The Notch pathway isinvolved in multiple aspects of vascular development including
proliferation, migration, smooth muscle differentiation, angiogenesis, and arterial-venous
differentiation (Iso et al., 2003, Arterioscler. Thromb. Vase. Biol., 23:543). The Notch receptor ligand
DLL4 (Deltalike ligand 4) isan important component of the Notch: pathway and plays arole in
angiogenesis. Heterozygous loss of DLL4 resultsin severe defects in arterial development and yolk
sac vascularization, leading to embryonic lethality (Duarte et al., 2004, GenesDev., 18:2474-78; Gale
et al, 2004, PNAS, 101:15949-54; Krebs et al., 2004, Genes Dev., 18:2469-73). Furthermore, tumor
cells and tumor vascul ature often:-over-express DLL4, suggesting that DLL4 expression isan
important player in tumor angiogenesis (Patel et a., 2005, Cancer Res., 65:8690-97; Yan €t a., 2001,
Blood, 98:3793-99). Thus, blocking DLL4 signaling has emerged as a promising path for the
development of new anti-cancer therapies.
[0005] Blocking DLL4 signaling, such-as by an anti-DLL4 antibody, has been shown to reduce
tumor growth-by multiple different-mechanisms (Ridgway et-al., 2006, Nature, 444:1083-87;
Noguera-Troise €t al., Nature, 444:1032-37; Hoey et a., 2009, Cell Sem Cell, 5:168-77). For
example, DLL4 blocking antibodies have been reported to result in endothelial cell proliferation and
the development of blood vessels, however, these blood vessels lack afunctional lumen. This
dysangiogenic effect:has been reported to block tumor growth by promoting the development.of only
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non-functional blood vessels (Ridgway et al., 2006, Nature, 444:1083-87; Noguera-Troise et a.,
Nature, 444:1032-37; Scehnet et al., 2007, Blood, 109:4753-60). Additionally, DLL4 blocking
antibodies have been shown to inhibit tumor growth by reducing the proliferation of tumor cells and
reducing cancer stem cell frequency. Although the mechanism behind the reduction of cancer stem
cells or CSCsis unknown, it is hypothesized that DLL4 is required for the self-renewal of CSCs and
maintains these cells in an undifferentiated state (Hoey et.al., 2009, Cell Stem Cell, 5:168-77).

[0006] Unliketherapeutic approaches that attempt to block the signaling of tumor angiogenic factors,
blockade of DLL4 signaling by anti-human DLL4 antibodies can result in endothelial hypertrophy
and the creation of non-functional microvessels. Consequently, even in the presence of tumor
angiogenic factors, blockade of DLL4 signaling, through administration of anti-human DLL4
antibodies, can result in-dysangiogenesis which inhibits the ability of the tumor to induce the
functional blood vessel formation needed to support growth of the tumor.

[0007] Chemotherapy is:awell-established therapeutic approach for numerous cancers, but its
efficacy can be limited by side effects and/or toxicity. In addition, targeted therapies such asthe anti-
ErbB2 receptor (HER2) antibody trastuzumab (HERCEPTIN), tyrosine kinase inhibitors imatinib
(GLEEVEC), dasatinib (SPRY CEL), nilotibib (TASIGNA), sunitinib (SUTENT), sorafenib
(NEXAVAR), the anti-VEGF antibody bevacizumab (AVASTEN),and anti-angiogenesis drugs
sunitinib (SUTENT) and sorafenib (NEXAVAR), are known to cause, or are likely to cause, side
effects and/or toxicity in subjects who take them. For example, bevacizumab, sunitinib, and sorfenib
are known to cause hypertension in-about one-third of patients who take them. In recent studies it has
been found that anti-DLL4 antibodies may have side effects and/or toxicity in some subjects. For
example, it has been found that anti-DLL4 antibodies can cause hypertension in some patients. This
was surprising, since.anti-DLL4 antibodies have been reported to inhibit tumor: angiogenesis by

promoting dysangiogensis, a mechanism different than that of traditional anti-angiogenic treatments.

BRIEF SUMMARY OF THE INVENTION
[0008] The present invention provides improved methods for treating diseases comprising
administering to a subject atherapeutically effective amount of a DLL4 antagonist. For example, in
one aspect the invention provides methods of screening for, detecting, identifying, monitoring,
reducing, preventing, and/or attenuating a cardiovascular side effect and/or toxicity related to
treatment with aDLL4 antagonist. In some embodiments, the methods comprise determining the
level .of anatriuretic peptide in a sample from a patient who has received, is receiving, will receive, or
isbeing considered for initia or further treatment with a DLL4 antagonist, including but not limited to
an anti-DLL4 antibody.
[0009] In another aspect, the invention provides methods of selecting a subject for treatment with a
DLL4 antagonist, comprising: obtaining a biological sample from the subject, determining the level of

a biomarker in the sample, and selecting the subject for treatment with the DLL4 antagonist if the
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level of the biomarker isbelow apredetermined level. In some embodiments, the biomarker isa
natriuretic peptide. Thus, in some embodiments, the method of selecting a subject for treatment with
aDLL4 antagonist, comprises. obtaining a biciogical sample from the subject, determining the level
of anatriuretic peptide in the sample, and selecting the subject for treatment with the DLL4 antagonist
if the level of the natriuretic  peptide isbelow a predetermined  level. In some embodiments, the
biological sample isblood, serum, or plasma. In some embodiments, the natriuretic -peptide is B-type
natriuretic peptide (BNP). ¥n some embodiments, the predetermined level is about 300pg/ml or lessin
ablood, serum, or plasma sample. In some embodiments, the predetermined level isabout 20pg/rnl
or lessin ablood, serum, or plasma sample. in some embodiments, the predetermined level is about
250pg/ml or less in a blood, serum, or plasma sample. In some embodiments, the predetermined level
is about 200pg/mi or less in a blood, serum, or plasma sample, In some embodiments, the
predetermined level isabout 35Cpg/mi or less in ablood, serum, or plasma sample. in some
embodiments, the predetermined level isabout. IOOpg/ml or less in ablood, serum, or plasma sample,
[0010] In ancther aspect, the invention provides methods of identifying a subject as eligible for
treatment with a DLL4 antagonist, .comprising: obtaining abiological sample from the subject,
determining -the level: of a biomarker in:the sample, and identifying the subject:as eligible for
treatment ‘with the DLL4 antagonist if the level of the biomarker -isbelow apredetermined level. In
some embodiments, the biomarker isa natriuretic .peptide. In some:embodiments, the method of
identifying a subject aséeligible for:treatment with a DLL4 antagonist, comprises. obtaining a
biological .sample from the subject, determining the level of anatriuretic peptide. in the.sample, and
identifying the subject as eligible for treatment with the' DLL4 antagonist if the level of the natriuretic
peptide is below -a predetermined level. In some embodiments, the natriuretic peptide isBNP. In
some embodiments, the biological sample is blood, serum, or plasma. In some embodiments, the
predetermined level .is about:300pg/ml - or less in-ablood, serum, or.plasma. sample.. In some
embodiments, the predetermined level:isabout 200pg/ml or less in.a blood, serum, orplasma sample.
In-some embodiments, the predetermined level is.about 250pg/ml or less in ablood, serum, or plasma
sample. In some.embodiments, the predetermined :level isabout 200pg/ml or less in ablood, serum,
or plasma sample. In some:embodiments, the predetermined level isabout 150pg/ml or less in.a
blood, serum, or-plasma-sample. In some embodiments, the predetermined level:is about :100pg/ml or
less in a blood, .serum, or plasma sample.

[G8£¥J In another aspect, the invention provides:methods of monitoring a subject receiving treatment
with a DLL4 antagonist for:the development :of cardiovascular : side effects and/or toxicity,

comprising: ‘obtaining -a biological :sample from the subject receiving treatment, determining the:level
of a biomarker :in'the sample, ad comparing the level of the biomarker in the sample to-a
predetermined ‘level: of the biomarker, .wherein an-increase in the level of the biomarker ‘indicates
development of cardiovascular side effects and/or toxicity. In some:embodiments, -the biomarker -isa

natriuretic . peptide. 1z some embodiments, the method: of monitoring a subject receiving treatment
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with aDLL4 antagonist for the development of cardiovascular side effects and/or toxicity, comprises:
obtaining a biological sample from the subject receiving treatment, determining the level of a
natriuretic peptide in the sample, and comparing the level of the natriuretic peptide in the sample to a
predetermined .level of the natriuretic peptide, wherein aniincrease inithe level of the natriuretic
peptide indicates:development of cardiovascular side effects and/or toxicity. in some embodiments,
the natriuretic peptide is BNP.

fa312] Inanother -aspect, the invention:provides methods. of detecting the development of
cardiovascular “side effects and/or toxicity in a sulj ect receiving treatment with aDLL4 antagonist,
comprising: obtaining abiological sample from.the subject receiving treatment, determining-the level
of abiomarker inthe sample, and comparing the level of the biomarker in the sasmpleto a
predetermined level of the biomarker, wherein an increase in the level of the biomarker indicates
development of cardiovascular side effects and/or toxicity. ‘In some embodiments, the biomarker isa
natriuretic peptide. In some-embodiments, the method of detecting the development of a
cardiovascular side effect and/or toxicity' in a subject receiving treatment with a DLL 4 antagonist,
comprises. obtaining abiological sample from the subject receiving treatment, determining the level
of a natriuretic peptide in the sample, and comparing the level of the natriuretic peptide in the sample
to a predetermined level . of the natriuretic peptide, wherein:an increase in the level: of the natriuretic
peptide indicates.development - of a cardiovascular side effect and/or toxicity'. In some embodiments,
the natriuretic.peptide is BNP.

[0013] :.En-another :aspect, the invention provides methods for: identifying cardiovascular side effects
and/or:toxicity in-asubject receiving treatment with-a DL L4 antagonist, comprising: obtaining-a
biological -samplefrom the subject receiving treatment, deter mining the:level - of a biomarker-inthe
sample, ‘and comparing thelevel of the biomarker in'the sample to a predetermined level of the
biomarker, wherein if the level of the biomarker .inthe sample:is higher than the predetermined:level
of the biomarker -then -a cardiovascular side effect-and/or toxicity' is indicated. .in some embodiments,
the biomarker is'anatriuretic peptide. - In-some embodiments, the method:for identifying
cardiovascular side effects:and/or toxiciy - in a subject receiving treatment with a DLL 4 antagonist,
comprises: obtaining a biological sample from the subject receiving treatment, deter mining the level
of a natriuretic peptide in the sample, and comparing the level of the natriuretic peptide in the sample
to-apredetermined level of the natriuretic peptide, wherein if the level of the natriuretic: peptide in'the
sample ishigher than the predetermined-level of the natriuretic.peptide then acardiovascular side
effect and/or toxicity isindicated. In some embodiments, the natriuretic:peptide is BNP.

[0014] In another:aspect, the‘invention provides methods for:monitoring cardiovascular side effects
and/or toxicity in:a'subject receiving treatment with'a DL L4 antagonist, comprising: obtaining a
biological sample from the subject receiving treatment, determining the level .of ‘a biomarker in the
sample, and comparing the level of the biomarker in the sampleto apredetermihed level of the

biomarker, wherein if the level of the biomarker in‘the sampleis higher than the predeter mined: level
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of the biomarker then a cardiovascular side effect and/or toxicity isindicated. In some embodiments,
the biomarker isa natriuretic peptide. In some embodiments, the method for monitoring
cardiovascular side effects and/or toxicity in a subject receiving treatment with a DLL4 antagonist,
comprises. obtaining abiological sample from the subject receiving treatment, determining the level
of anatriuretic peptide in the sample, and comparing the level of the natriuretic peptide in the sample
to a predetermined level of the natriuretic peptide, wherein if the level of the natriuretic peptide in the
sample is higher than the predetermined: level of the natriuretic peptide then a cardiovascular side
effect and/or toxicity isindicated. In some.embodiments, the natriuretic peptide is BNP.

[0015] In some aspects and/or embodiments of the methods described herein, the biological sample is
blood, serum, or plasma. In some embodiments, the predetermined level isabout 300pg/ml or less in
ablood, serum, or plasma sample. In some embodiments, the predetermined level is about 200pg/ml
or lessin ablood, serum, or plasma sample. In some embodiments, the predetermined level is about
250pg/ml or lessin ablood, serum, or plasma sample. In some embodiments, the predetermined level
isabout 200pg/ml or less in ablood, serum, or plasma sample. In some embodiments, the
predetermined level isabout 150pg/ml or less in a blood, serum, or plasma sample. 1n some
embodiments, the predetermined level is about IOOpg/ml or lessin ablood, serum, or plasma sample.
In some embodiments, the predetermined level of a biomarker (e.g., natriuretic peptide or BNP) isthe
amount of the biomarker -in a:sample obtained at an earlier date. In some embodiments, the
predetermined ‘level. of a biomarker (e.g., natriuretic peptide or BNP) isthe amount.of the biomarker
in a sample obtained prior to treatment. 1n some embodiments, .the predetermined level of a
biomarker (e.g., natriuretic peptide or BNP) isanormal reference level. In some embodiments, the
predetermined level for BNP.is about |OOpg/ml or less in blood, serum, or plasma.

[0016] In some-aspects and/or embodiments of the methods described herein, abiological sample is
obtained approximately every week, every 2 weeks, every 3 weeks, or every-4 weeks.

[0017] In some aspects and/or embodiments of the methods described herein, wherein if the
natriuretic peptide level in the sample.is above a predetermined level for two consecutive samples, the
subject isadministered: atherapeutically effective amount.of a cardioprotective medication. such as an
ACE inhibitor and/or a p-blocker. In some embodiments, the natriuretic peptide.isBNP and the
predetermined level isabout 100pg/ml. In some embodiments. of the methods described herein,
wherein if the natriuretic peptide level in the sample is above apredetermined level for any one
sample, the subject isadministered ‘atherapeutically effective amount of an-inhibitor and/or-a 3-
blocker. In some embodiments, the natriuretic peptide is BNP and the predetermined level is about
200pg/ml. In some embodiments of the methods described herein, wherein the natriuretic peptide
level ‘in the sample is above a predetermined level for any one sample, the subject is administered a
therapeutically effective:amount of an ACE inhibitor and/or a B-blocker and the DLL4 antagonist is
withheld. In some-embodiments, the:-natriuretic -peptide is BNP and the predetermined level is about
300pg/ml. In some embodiments, -if the natriuretic peptide level decreases to below about 200pg/ml
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after administration of the ACE inhibitor and/or a B-blocker, then administration of the DLL4
antagonist isresumed. In some embodiments, if the natriuretic peptide level decreasesto below about
300pg/ml after administration of the ACE inhibitor and/or a B-blocker, then administration of the
DLL4 antagonist is resumed.

[0018] In another aspect, the invention provides methods of reducing cardiovascular side effects
and/or toxicity in a subject receiving treatment with a DLL4 antagonist, comprising: obtaining a
biological sample from the subject receiving treatment, determining the level of anatriuretic.peptide
in the sample, comparing the level of the natriuretic peptide in‘the sampleto apredetermined level of
the natriuretic peptide, and administering to the subject atherapeutically effectiveamount of a
cardioprotective medication such as an ACE inhibitor and/or a B-blocker if the level of the natriuretic
peptide in the sample is higher than the predetermined level of the natriuretic peptide. In another
aspect, the invention provides methods of preventing or attenuating:the development of cardiovascular
side effects-and/or toxicity in.a subject receiving treatment with a DLL4 antagonist, comprising:
obtaining a biological sample from the subject priorto-treatment with the DLL4 antagonist,
determining the level of ‘a natriuretic peptide inthe sample, comparingthe level-of the natriuretic
peptide in the sample to a predetermined level of the natriuretic peptide, administering to the subject a
therapeutically effective amount of a cardioprotective medication such-asan ACE inhibitor and/or a
B-blocker, and administering tothe subjectthe DLL4 antagonist. In-another aspect, the invention
provides methods of :ameliorating cardiovascular side effects and/or toxicity in a subject administered
a DLL4 antagonist, comprising: determining the level of a natriuretic peptide inthe sample, and
administering to the subject atherapeutically effective amount of a cardioprotective medication such
as.an ACE inhibitor and/or a B-blocker. In some embodiments, the natriuretic peptide is BNP.

[0019]° In another aspect,.the.invention provides methods of screening a subject for the risk of
cardiovascular side effects and/or toxicity from:treatment with a DLL4 antagonist, comprising:
obtaining a biological ‘'sample from-the subject prior to treatment with the DLL4 antagonist,
determining the level of ‘a natriuretic peptide in the sample, and comparing the level of the natriuretic
peptide in the sample to a predetermined level of the natriuretic peptide, wherein if the level of the
natriuretic peptide in the sample is higher than the predetermined level then the subject is at risk for
cardiovascular side effects and/or toxicity. In:some embodiments, if the subject isat risk for
cardiovascular side effects and/or toxicity, the subject is.administered atherapeuticaly effective
amount: of atherapeutic agent directed to the cardiovascular side effect and/or toxicity prior to
treatment with the DLL4 antagonist.

[0020]: In any of the aspects and/or embodiments of the methods described herein, the DLL4
antagonist: specifically:binds human DLL4. In-some embodiments, the DLL4 antagonist isan
antibody:that specifically binds the extracellular-domain of human DLL4." In.some embodiments,-the
DLL4 antagonist specifically binds an epitope within.amino acids 27-2 17:of the extracellular domain
of human DLL4 (SEQ ID NO: 17). In some embodiments, the DLL4 antagonist binds an epitope
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comprising amino acids 66-73 (QAWSPGP, SEQ ID NO: 18) of human DLL4. In some
embodiments, the DLL4 antagonist binds an epitope comprising amino acids 139-146 (LISKIAIQ,
SEQ ID NO: 19) of human DLL4. In some embodiments, the DLL4 antagonist binds an epitope
comprising amino acids 66-73 (QAWSPGP, SEQ ID NO:18) and amino acids 139-146 (LISKIAIQ,
SEQ ID NO: 19) of human DLL4. In some embodiments, the DLL4 antagonist binds human DLL4
with adissociation constant (K) of about 10nM to about 0.1nM.

[0021] In certain embodiments, the DLL4 antagonist isan anti-DLL4 antibody. In certain
embodiments, the DLL4 antagonist is an antibody comprising aheavy chain CDR1 comprising
TAYYIH (SEQ ID NO: 1), aheavy chain CDR2 comprising YISSYNGATNYNQKFKG (SEQ ID
NO:3), and a heavy chain CDR3 comprising RDYDYDVGMDY (SEQ ID NO:5), and alight chain
CDR1 comprising RASESVDNYGISFMK (SEQ ID NO:6), alight chain CDR2 comprising
AASNQGS (SEQ ID NO:7), and alight chain CDR3 comprising QQSKEVPWTFGG (SEQ ID
NO:8). In certain embodiments, the DLL4 antagonist:is an-antibody comprising a heavy chain
variable region comprising the amino acids of SEQ ID NO: 10. In certain embodiments, the DLL4
antagonist is an antibody which further comprises a light chain variable region comprising the amino
acids of SEQ ID NO: 12. In certain embodiments, the DLL4 antagonist comprises the same heavy -and
light chain amino acid: sequences as an antibody encoded by aplasmid deposited with ATCC having
deposit no. PTA-8425 or PTA-8427. |n certain embodiments, the DLL4 antagonist comprises the
heavy chain.CDR amino-acid sequences and the light .chain CDR amino acid sequences that are
contained in the 2IM | 8 antibody produced by the hybridoma deposited with ATCC having deposit
no. PTA-8670. In certain embodiments, the DLL4 antagonist is encoded by the plasmid having
ATCC deposit.no. PTA-8425 which was deposited with. American. Type Culture Collection (ATCC),
at 10801 University Boulevard, Manassas, VA, 20110, Under the conditions of the Budapest Treaty on
May 10, 2007. In certain embodiments, the. DLL4 antagonist is encoded by the plasmid having
ATCC deposit no. PTA-8427 which was deposited with American Type Culture Collection (ATCC),
a 10801 University Boulevard, Manassas, VA, 201 10, under the conditions of the Budapest Treaty on
May 10, 2007. In some embodiments, the DLL4 antagonist. is the antibody produced:by the
hybridoma having ATCC deposit no. PTA-8670 which was deposited with the ATCC under the
conditions of the Budapest Treaty on September 28, 2007. In some embodiments, the DLL4
antagonist isahumanized version of the antibody produced-by the hybridoma having ATCC deposit
no. PTA-8670. In certain embodiments, the DLL4 antagonist competes for specific binding to human
DLL4 with an antibody encoded by the:plasmid deposited with ATCC having deposit no. PTA-8425
or PTA-8427.

[0022] In any of the aspects and/or .embodiments of the methods described herein, the subject has
cancer. In some embodiments, the cancer. is selected from the group consisting of: lung cancer,
pancreatic cancer, breast-cancer, colon cancer, colorectal cancer, melanoma,. gastrointestinal cancer,

gastric cancer, renal cancer, ovarian cancer, liver cancer, endometrial .cancer, kidney cancer, prostate
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cancer, thyroid cancer, neuroblastoma, glioma, glioblastoma multiforme, cervical cancer, stomach
cancer, bladder cancer, hepatoma, and head and neck cancer.

[0023] In any of the aspects and/or embodiments of the methods described herein, the subject is
treated with the DLL4 antagonist in combination with one or more additional anti-cancer agents.
[0024] Where aspects or embodiments of the invention are described in terms of a Markush group or
other grouping of aternatives, the present invention encompasses not only the entire group listed asa
whole, but also each member of the group individually and all possible subgroups of the main group,
and also the main group absent one or more of the group members. The present invention also

envisages the explicit exclusion of one or more.of any of the group members in the claimed invention.

BRIEF DESCRIPTION OF THE FIGURES
[0025] Figures 1A and IB. Thetable isasummary of some of the subjects enrolled in the Phase I'b
clinical trial for treatment of NSCL C with OMP-21M 18 in combination with carboplatin and
pemetrexed.
[0026] Figure 2. Percent change in target tumor lesions in subjects enrolled in the Phase | b clinical
trial for treatment of NSCLC with OMP-21M 18 in combination with carboplatin and pemetrexed (as
of October 2012).
[0027] Figure 3. Percent change in target tumor lesionsin subjects enrolled in the Phase Ib clinical
trial: for treatment -of NSCLC with OMP-21M 18 in combination with carboplatin and pemetrexed (as
of October 2013).
[0028] Figure 4. Percent change in target tumor lesions in.subjects enrolled in the Phase 1b clinical
trial for treatment of pancreatic cancer with OMP-2 IM | 8 in combination with gemcitabine (as of
October 2012).
[0029] Figure 5. Percent change in target tumor lesions.in subjects enrolled in the Phase | b clinical
trial for treatment of pancreatic cancer with OMP-2 1M | 8 in combination with gemcitabine for
cohorts 1, 2, and 3 and.in combination with gemcitabine and ABRAXANE for cohort 4 (as of October
2012).

DETAILED DESCRIPTION OF THE INVENTION
[0030] The present invention relates to treating diseases with a DLL4 antagonist. More particularly,
the invention provides methods for:treating-cancer comprising administering a DLL4 antagonist,
either alone or in combination with other anti-cancer agents, and monitoring.for cardiovascular side
effects and/or toxicity, including those related to the DLL4 antagonist.
[0031] The anti-DLL4 antibody OMP-21M 18 was administered to subjects in a Phase 1single agent
dose escalation trial. Thedatafrom this early trial, aswell asresults from animal: studies suggested
that administration of a DLL4 antagonist such as.an anti-DLL4 antibody may result in-cardiovascular
side effects and/or toxicity in certain patients. Furthermore, the study showed that increased BNP
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levelsmay be an early indicator that a patient being treated with a DLL4 antagonist isat risk of
developing cardiotoxicity, allowing for intervention with cardioprotective medications.

[0032] These results made it desirable to develop risk mitigation and monitoring strategies for
cardiovascular side effects and/or toxicities as described herein for subjects receiving treatment with a
DLL4 antagonist (e.g., an anti-DLL4 antibody) asa single agent or in combination with additional

anti-cancer agents.

I. Definitions

[0033] To facilitate an understanding of the present invention, a number of terms and phrases are
defined below.

[0034]: Theterms "antagonist” and "antagonistic" as used herein refer to any molecule that partially
or fully blocks, inhibits, reduces or neutralizes a biological -activity of atarget and/or signaling
pathway (e.g., Notch signaling). Theterm "antagonist” isused herein to include any molecule that
partially or fully blocks, inhibits, reduces or neutralizes the activity of aprotein (e.g., DLL4). Asused
herein the term "DLL4 antagonist” refersto amolecule that partially or fully blocks, inhibits,
neutralizes, or-interferes with-the biological activities of aDLL4 protein.. This includes, butis not
limited to, blocking, inhibiting, reducing, or interfering with.DLL4/Notch:interactions, DLL4-induced
Notch pathway signaling, and/or DLL4 signaling. Suitable:antagonist molecules specifically include,
but are not limited to, antagonist DLL4 antibodies or antibody fragments.

[0035] Theterms "modulation” and "modulate” asused hereinrefer to achange or an ateration in a
biological: activity. Modulation includes, but isnot limited to, stimulating or inhibiting-an-activity.
Modulation may be an increase or a decrease in activity (e.g., a decrease in:Notch signaling), achange
in binding characteristics, or any other change in the biological, functional, or immunological
properties associated with the activity of aprotein, pathway, or other biological point of interest.
[0036] Theterm "antibody" as used herein refers to.an immunoglobulin:molecule that recognizes and
specifically binds atarget, such as a protein, polypeptide,. peptide, carbohydrate, polynuclectide, lipid,
or combinations of the foregoing, through.at least one antigen recognition site within the variable
region of the immunoglobulin molecule. As used herein, the term encompasses intact polyclonal
antibodies, intact:monoclonal antibodies, antibody fragments (such as Fab, Fab', F(ab')2, and Fv
fragments), single chain Fv (scFv) antibodies, multispecific antibodies such as bispecific-antibodies
generated from at'least two intact antibodies, monospecific -antibodies, monovalent-antibodies,
chimeric antibodies, humanized antibodies, human antibodies, fusion proteins comprising an antigen
determination portion of an antibody, and any other modified immunoglobulin molecule comprising
an-antigen recognition site-as long asthe antibodies exhibit the desired biological ‘activity. An
antibody can be any of the five mgjor classes of immunoglobulins: IgA, IgD, IgE,:1gG,.and IgM, or
subclasses (isotypes) thereof (e.g., 1gGl, 1gG2, 1gG3, 1gG4, IgAl and 1gA2), based on the identity of
their heavy-chain constant domains referred to as apha, delta, epsilon, gamma, and mu, respectively.
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The different classes of immunoglobulins have different and well-known subunit structures and three-
dimensional configurations. Antibodies can be naked or conjugated to other molecules, including but
not limited to, toxins and radioisotopes.

[0037] Theterm "antibody fragment" refers to a portion of an intact antibody and refers tothe
antigenic determining variable regions of an intact antibody. Examples of antibody fragments
include, but are not limited to, Fab, Fab', F(ab")2, and Fv fragments, linear antibodies, single chain
antibodies, and multispecific antibodies formed from antibody fragments. "Antibody fragment" as
used herein comprises an antigen-binding site or epitope-binding site.

[0038] Theterm "variable region” of an antibody refers to the variable region of the antibody light
chain, or the variable region of the antibody heavy chain, either-alone or in combination. The variable
regions of the heavy and light chain each consist of four framework regions (FR) connected by three
complementarity determining.regions (CDRs), aso known as"hypervariable regions'. The CDRs in
each chain are held together in close proximity by the framework regions and, with:the CDRs from
the other chain, contribute to the formation of the antigen-binding sites of the antibody. There are a
least two techniques for determining. CDRs:. (1) an-approach based on cross-species seguence
variability (i.e.,, Kabat et a., 1991, Sequences d Proteins d Immunological | nterest, 5th Edition,
National  Institutes of Health, Bethesda:-MD.), and:(2) an approach based on crystallographic: studies of
antigen-antibody complexes (Al-Lazikani et al., 1997, J. Mol. Biol., 273:927-948). In addition,
combinations of these two approaches are sometimes used in.the art to determine CDRSs.

[0039]: Theterm"monoclonal -antibody" as used herein:refers to-a homogenous antibody population
involved in the-highly specific recognition and binding of a'single antigenic determinant or epitope.
This'isin contrast to.polyclonal -antibodies that typically include a mixture of different antibodies
directed against different antigenic determinants. Theterm "monoclonal - antibody" encompasses both
intact and full-length monoclonal antibodies as well as antibody fragments (e.g., Fab, Fab', F(ab")2,
Fv),-single chain (scFv) antibodies, fusion proteins-comprising an antibody portion, and any other
modified immunoglobulin molecule-comprising-an antigen recognition site (antigen-binding site).
Furthermore, "monoclonal antibody" refers to such antibodies.made by:any number of techniques,
including but.not: limited to, hybridoma production, . phage selection, recombinant:expression,. and
transgenic animals.

[0040] The term"humanized .antibody" :as used herein refersto forms of :antibodies that are specific
immunoglobulin chains, chimeric immunoglobulins, or fragments thereof that contain minimal non-
human sequences. Typically, humanized antibodies are human immunoglobulins in which residues of
the CDRs are replaced by residues from the:CDRs of :a:non-human species (e.g.,. mouse, rat, rabbit, or
hamster) that have the desired’ specificity, affinity, and/or binding capability (Jones et al., 1986,
Nature, 32 1:522-525; Riechmann et a., 1988, Nature, 332:323-327; Verhoeyen et al., 1988, Science,
239:1534-1536). In some instances, the Fv framework region residues of ahuman immunoglobulin

are replaced with the corresponding residues in an‘antibody from a non-human species that hasthe
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desired specificity, affinity, and/or binding capability. The humanized antibody can be further
modified by the substitution of additional residues either in the Fv framework region and/or within the
replaced non-human residues to refine and optimize antibody specificity, affinity, and/or binding
capability. In some embodiments, the humanized antibody will comprise substantially -all of at least
one, and typically two or three, variable domains containing all or substantially all of the CDRs that
correspond to the non-human immunoglobulin whereas all or substantialy al of the framework
regions are those of a human immunoglobulin consensus sequence. The humanized antibody can aso
comprise at least aportion-of an immunoglobulin constant region or domain (Fc), typically that of a
human immunoglobulin. Examples of methods used to generate humanized antibodies are described
in, for example, U.S. Patent No. 5,225,539.

[0041] Theterm "human antibody" as used herein refers to an antibody produced by ahuman or an
antibody having an amino acid sequence corresponding to an antibody produced by ahuman made
using-any of the techniques:-known in the art. This definition of a human antibody specifically
excludes a humanized antibody comprising non-human antigen-binding residues.

[0042] Theterm "chimeric antibody" as used herein refers to an antibody wherein the amino acid
sequence of the immunoglobulin molecule isderived from two or more species. Typically, the
variable region of both light and heavy chains corresponds to the variable region of antibodies derived
from one species of mammals: (e.g., mouse, rat, rabbit, etc.) with the desired specificity, affinity,
and/or binding capability, while the constant regions are homologous to the sequences in antibodies
derived from another species (e.g., human).

[0043] The phrase "affinity-matured: antibody" asused herein refers to an antibody- with one or-more
aterations in- one or more CDRsthereof that result in an improvement inthe affinity of the antibody
for antigen, compared to a parent antibody that does not possess those alterations(s). Preferred
affinity-matured -antibodies will have nanomolar or even picomolar affinities forthe target -antigen.
Affinity-matured antibodies are produced by procedures known inthe art. For example, Marks et al .,
1992, Bio/Technology 10:779-783, describes affinity maturation by VH and VL domain shuffling.
Random mutagenesis of CDR and/or framework residues is described by Barbas et al. 1994, #NAS,
91:3809-3813; Schier et a., 1995, Gene, 169:147-155; Yelton et a., 1995, /. Immunol 155:1994-
2004; Jackson et al., 1995, .7 Immunol, 354:3310-9; and Hawkins et al., 1992, J, Mol Biol, 226:889-
896.

[0044] Theterms "epitope” and "antigenic determinant” are used interchangeably herein and refer to
that portion of an-antigen capable of being recognized and specifically ‘bound by a particular antibody.
When the antigen is a polypeptide, epitopes can be formed both from contiguous:amino acids and
noncontiguous amino acids juxtaposed by tertiary folding of a protein. Epitopes formed from
contiguous amino acids (also referred to as linear-epitopes) are typicaly retained upon protein

denaturing, whereas epitopes formed by tertiary folding:(also referred to as conformational epitopes)
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are typically lost upon protein denaturing. An epitope typically includes at least 3, and more usualy,
at least 5 or 8-10 amino acids in aunique spatial conformation.

[0045] The terms "selectively ‘binds" or "specifically binds® mean that abinding agent or an antibody
reacts or associates more frequently, more rapidly, with greater duration, with greater affinity, or with
some combination of the above to the epitope, protein, or target molecule than with alternative
substances, including unrelated or related proteins. In certain -embodiments "specifically binds'
means, for instance, that an antibody binds a protein with a K of about 0.1mM or less, but more
usualy lessthan about 1M . In certain embodiments, "specifically binds' means that an antibody
binds atarget at times with aKp, of at least about 0.1uM or less, a other times at least about 0.01 uM
or less, and at other times at least about InM or less. Because:of the sequence identity between
homologous proteins in different species, specific binding:can include an antibody that recognizes. a
protein in more than one species (e.g., human DLL4 and mouse DLL4). Likewise, because of
homology within certain regions of polypeptide sequences of different proteins, specific binding can
include an:antibody (or other polypeptide or binding:-agent) that recognizes more than one protein. It
isunderstood that, in certain embodiments, an antibody :or binding moiety that specifically binds a
first target may or may not specifically bind a'second target. As such, "specific binding” does not
necessarily require:(although it can include).exclusive ‘binding, i.e. binding to asingle target. Thus, an
antibody may, in certain embodiments, specifically bind more than onetarget. In certain
embodiments, multiple targets may be bound by the same antigen-binding .site on the antibody. For
example, an antibody may, in certain instances, comprise.two-identical ‘antigen-binding sites, each of
which specifically binds the same epitope-on.two or‘more proteins. In some embodiments, an
antibody may be bispecific or‘multispecific and comprise at least two antigen-binding - sites with
differing specificities. For.example, a bispecific antibody may comprise one antigen-binding site that
recognizes .an.epitope on one protein and further comprise a second, different antigen-binding site that
recognizes adifferent epitope on a second protein. Generally, but not necessarily, reference to
binding means specific binding.

[0046] Theterms "polypeptide” and "peptide” and "protein” are used interchangeably “herein and
refer to polymers of amino acids of any length. The polymer may be linear:or branched, it may
comprise modified amino acids, and it may be interrupted by non-amino acids. The terms aso
encompass an amino acid polymer that ‘has:been: modified naturally or by intervention; for.example,
disulfide bond formation, glycosylation, lipidation, acetylation, phosphorylation, or-any other
manipulation -or modification, such as conjugation with alabeling component. Also included within
the-definition are,-for example, polypeptides containing one or more.anaogs of an.amino-acid
(including, for example, unnatural amino-acids), aswell asother modifications ‘known in the art. It is
understood ‘that, because the polypeptides: of ‘this invention may be based upon antibodies, in certain

embodiments, ‘the polypeptides:can occur :as single chains or associated chains (e.g., dimers).
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[0047] The terms "polynucleotide” and "nucleic acid" are used interchangeably herein and refer to
polymers of nucleotides of any length, and include DNA and RNA. The nucleotides can be
deoxyribonucleotides,  ribonucleotides, modified nucleotides or bases, and/or their analogs, or any
substrate that can be incorporated into apolymer by DNA or RNA polymerase.

[0048] Theterms "identical” or percent "identity” in the context of two or more nucleic acids or
polypeptides, refer to two or more sequences or: subsequences that are the same or have a specified
percentage of nucleotides or amino acid residues that are the same, when compared and aligned
(introducing gaps, if necessary) for maximum correspondence, not considering any conservative
amino acid substitutions aspart of the sequence identity. The percent identity: may be measured using
sequence comparison. software or algorithms or by visua inspection. Various agorithms and
software that may be used to obtain alignments of amino acid or nucleotide sequences are well-known
in the art. These include, but are not limited to, BLAST, ALIGN, Megalign, BestFit, GCG Wisconsin
Package, and variants thereof. In some embodiments, two nucleic acids or polypeptides of the
invention are substantially identical, meaning they have at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, and in some embodiments at least 95%, 96%, 97%, 98%, 99% nucleotide or
amino acid residue identity, when compared and aligned for maximum correspondence, as measured
using-a sequence comparison algorithm or by visua inspection. In some embodiments, identity exists
over aregion: of the sequences that is at least about 10, at least about 20, at least about 40-60 residues,
at least about 60-80 residues in length or any integral value therebetween. Jn some embodiments,
identity exists over alonger region than 60-80 residues, such as at least about. 80-1 00 residues, and in
some embodiments the:sequences are substantially identical over the full length of the sequences
being compared, such asthe coding region of a nucleotide sequence.

[0049] A "conservative .amino acid substitution” isone.in which one amino acid residue is replaced
with another amino acid residue having asimilar side chain. Families of amino acid residues having
similar side chains have been defined in the art, including basic side chains (e.g., lysine, arginine,
histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged-polar side chains (e.g.,
glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar .side chains (e.g.,
alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched
side chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine,
tryptophan, histidine). For example, substitution of a phenylalanine for atyrosine is a conservative
substitution. Preferably, conservative substitutions in the sequences of the: polypeptides and
antibodies of the invention do not abrogate the binding of the:polypeptide or-antibody containing the
amino acid sequence, to the antigen(s), i.e., the one or more RSPO protein(s) to which the polypeptide
or antibody binds. Methods of identifying:nucleotide and amino acid conservative substitutions
which do not eliminate antigen binding are well-known in the art.

[0050] The term "vector" ‘asused herein-means a construct, ‘which is capable of delivering, and

usually expressing, one or more gene(s) or sequence(s) -of interest in ahost cell. Examples:of vectors

13



16

15

20

25

30

35

WO 2014/071018 PCT/US2013/067776

include, but are not limited to, vira vectors, naked DNA or RNA expression vectors, plasmid, cosmid,
or phage vectors, DNA or RNA expression vectors associated with cationic condensing agents, and
DNA or RNA expression vectors encapsulated in liposomes.

[0051] A polypeptide, antibody, polynucleotide, vector, cell, or composition which is"isolated” isa
polypeptide, antibody, polynucleotide, vector, cell, or composition which isin aform not found in
nature. Isolated polypeptides, antibodies, polynucleotides, vectors, cells, or compositions include
those which have been purified to a degree that they are no longer in a form in which they are found
in nature. In some embodiments, a polypeptide, antibody, polynucleotide, vector, cell, or composition
which isisolated is substantially pure.

[0052] Theterm "substantially pure" asused herein refers to material which is & least 50% pure (i.e.,
free from contaminants), at least 90% pure, at least 95% pure, a least 98% pure, or at least 99% pure.
[0053] Theterms "cancer" and "cancerous' ‘as used herein refer to.or describe the physiological
condition in mammals in which apopulation of cells are characterized by unregulated cell growth.
Examples of cancer include, but are not limited to, carcinoma, blastoma, sarcoma, and hematologic
cancers such as lymphoma and leukemia.

[0054] Theterms "tumor" and "neoplasm™” asused herein refer to any mass of tissue that results from
excessive cell growth or proliferation, either benign (non-cancerous) or malignant (cancerous)
including pre-cancerous: lesions.

[0055] Theterm "metastasis' as used herein refers to.the process by which acancer spreads or
transfers from the site of origin to other regions of the body with the development of a similar
cancerous lesion at the new location. A "metastatic" or "metastasizing” cell isone that loses adhesive
contacts with.neighboring: cells and migrates (e.g., via the bloodstream or lymph) from the primary
site of disease to invade neighboring body structures.

[0056] Theterms "cancer stem cell" and "CSC" and "tumor stem cell” and "tumor initiating.cell" are
used interchangeably herein and refer to cells from a cancer or tumor that: (1) have extensive
proliferative capacity; 2) are capable of asymmetric cell division to generate one or more types of
differentiated cell progeny wherein the differentiated cells have reduced proliferative or
developmental potential; and (3) are capable of symmetric cell divisions for self-renewal or self-
maintenance. These properties confer-on the cancer stem cells the ability to form or establish atumor
or cancer upon serial transplantation into an immunocompromised host (e.g., amouse) compared to
the majority of tumor cells that fail to form tumors. Cancer stem cells undergo self-renewal versus
differentiation in a chaotic manner to form tumors with abnormal cell types that can change over time
as mutations occur.

[0057] Theterms "cancer cell" and "tumor cell" refer to the total population of cells derived from a
cancer or'tumor or pre-cancerous:lesion,. including both non-tumorigenic cells, which comprise the
bulk of the cancer cell population, and tumorigenic stem cells (cancer stem cells). Asused herein, the

terms "cancer cell" or "tumor cell" will be modified by the term "non-tumorigenic" when referring
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solely to those cells lacking the capacity to renew and differentiate to distinguish those tumor cells
from cancer stem cells.

[0058] Theterm "tumorigenic” as used herein refers to the functional features of a cancer stem cell
including the properties of self-renewal (giving rise to additional tumorigenic cancer stem cells) and
proliferation to generate al other tumor cells (giving rise to differentiated and thus non-tumorigenic
tumor cells).

[0059] Theterm "tumorigenicity" as used herein refers to the ability of arandom sample of cells
from the tumor to form pal pable tumors upon serial transplantation into immunocompromised hosts
(e.g., mice).

[0060] Theterm "subject" refersto.any animal (e.g., amammal), including, but not limited to,
humans, non-human primates, canines, felines, rodents, and the like, which isto be the recipient of a
particular treatment. Typically, the terms "subject” and "patient” are used-interchangeably herein in
reference to ahuman subject.

[0061] Theterm "pharmaceutically acceptable" refers to approved or approvable by aregulatory
agency of the Federal or a state government or listed in the U.S. Pharmacopeia-or other generally
recognized pharmacopeia for use in-animals, including: humans.

[0062] Theterms "pharmaceutically -acceptable excipient, carrier or adjuvant™ or "acceptable
pharmaceutical carrier” refer to an excipient, carrier or adjuvant:that can be administered to a subject,
together ‘with at least one binding agent (e.g.,:an antibody): of the:present disclosure, and which does
not destroy-the pharmacologica activity thereof and is nontoxic when administered in doses sufficient
to-deliver atherapeutic effect.

[0063]. ‘The terms "effective amount” or “therapeutically effective amount” or "therapeutic effect”
refer to an-amount of a binding agent, an antibody, polypeptide, polynucleotide, small organic
molecule, -or other drug effective to "treat" adisease or disorder .in-a subject. In the case of cancer, the
therapeuticaly effective amount of adrug: (e.g., an antibody) has atherapeutic effect and as such can
reduce the number of cancer cells; decrease tumorigenicity, tumorigenic frequency, or tumorigenic
capacity; reduce the number or frequency of cancer stem cells; reduce the tumor size; reduce the
cancer cell population; inhibit or stop cancer cell infiltration into.peripheral organs including, for
example, the spread of cancer into soft tissue and bone; inhibit and stop tumor or cancer-cell
metastasis; inhibit and stop:tumor or cancer cell growth; relieve to some extent one or more of the
symptoms associated with the cancer; reduce morbidity. and mortality; improve quality of life; or-a
combination of such effects. To the extent the agent, for example an antibody, prevents growth and/or
kills existing-cancer cells, it can bereferred to as cytostatic and/or cytotoxic.

[0064] Theterms. "treating” or"treatment” or "to treat" or "aleviating” ‘or "to aleviate" refer to both
1) therapeutic:measures that cure, slow:down, lessen symptoms of, and/or-halt progression:of a
diagnosed pathologic-condition or disorder and 2) prophylactic.or: preventative:measures that prevent

or slow the development: of ‘atargeted pathologic condition:or-disorder. Thus those in need-of
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treatment include those already with the disorder; those prone to have the disorder; and those in whom
the disorder isto be prevented. In some embodiments, a subject is successfully "treated" according to
the methods of the present invention if the patient shows one or more of the following: areduction in
the number of or complete absence of cancer cells; areduction in the tumor size; inhibition of or an
absence of cancer cdll infiltration into peripheral organs including the spread of cancer cells into soft
tissue and bone; inhibition of or an absence of tumor or cancer cell metastasis; inhibition or an
absence: of cancer growth; relief of one or more symptoms associated with the specific cancer;
reduced morbidity and mortality; improvement in quality of life; reduction in tumorigenicity;
reduction in the number or frequency of cancer stem cells; or some combination of effects.

[0065] Asusedin the present disclosure and claims, the singular forms™a*, "an" and "the" include
plural forms unless the context clearly dictates otherwise.

[0066] It isunderstood that wherever embodiments are described herein with the language
"comprising” otherwise analogous embodiments described in terms of "consisting of and/or
"consisting essentially of are also provided. It isaso understood that wherever embodiments are
described herein with:the language "consisting essentially of otherwise analogous embodiments
described in terms of "consisting of are also provided.

[0067] Asused herein, reference to "about" or "approximately" avalue or parameter includes (and
describes) embodiments that are directed to that value or parameter. For example, description
referring to "about X" .includes description of "X".

[0068]: Theterm "and/or" -as used in-a phrase'such as"A and/or B" herein:is intended to include both
A and:B; A or B; A (alone); and B (alone). Likewise, the term "and/or" as used.in a phrase such as
"A, B, and/or C" isintended to encompass each of the following embodiments: A, B, and C; A, B, or
C;AorC;AaB;BorC;AandC;A andB;B andC; A (alone); B (alone); and C (alone).

I1. DLL4 antagonists

[0069] In-certain embodiments, the DLL4 antagonist specifically-binds the extracellular domain of
human DLL4. In some embodiments,:the DLL4 antagonist is an antibody. In some embodiments, the
DLL4 antagonist or-antibody specifically binds an epitope within amino acids 27-2 17 of the
extracellular domain of human DLL4 (SEQ ID NO: 17). In'some embodiments, the DLL4 antagonist
or antibody specifically binds an epitope formed by a combination of the N-terminal region of human
DLL4 (SEQ ID NO: 14) and the DSL region.of human DLL4 (SEQ ID NO: 15). In some
embodiments, the DLL4 antagonist or antibody specifically binds within the N-terminal region:of
human DLL4 (SEQ ID NO: 14). In some embodiments, the DLL4 antagonist. or antibody binds an
epitope:comprising amino acids 66-73 (QAVVSPGP; SEQ ID NO: 18) of human:DLL4. In some
embodiments, the DLL4 antagonist or antibody binds an epitope comprising amino acids 139-146
(LISKIAIQ; SEQ ID'NO: 19) of human DLL4. In some embodiments, the DLL4 antagonist or
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antibody binds an epitope comprising amino acids 66-73 (QAWSPGP; SEQ ID-NO: 18) and amino
acids 139-146 (LISKIAIQ; SEQ IDNO:19) of human DLLA4.

[0070] In certain embodiments, the DLL4 antagonist (e.g., an antibody) binds to human DLL4 with a
dissociation constant (Kp) of about |uM or less, about 100nM or less, about 40nM or less, about
20nM or less, about 10OnNM-or less, or about 1nM or less. In certain embodiments, the DLL4
antagonist or antibody ‘binds to human DLL4 with aKp of about 40nM or less, about 20nM or less,
about 10nM or less, or about InM or less. In-certain embodiments, the DLL4 antagonist binds to
human DLL4 with aK of about InM. In certain embodiments, the DLL4 antagonist binds to human
DLL4 with aK of about 0.8nM. In certain embodiments, the DLL4 antagonist binds to human
DLL4 with aK of about 0.6nM. In certain embodiments, the DLL4 antagonist binds to human
DLL4 with aK of about 0.5nM. In certain embodiments, the DLL4 antagonist binds to human
DLL4 with aKp of about 0.4nM. In some embodiments, the K, is measured by surface plasmon
resonance. |In some embodiments, the dissociation constant of the antagonist or antibody to DLL4 is
the dissociation constant determined using a DLL4 fusion protein comprising a DLL4 extracellular
domain (e.g., aDLL4 ECD-Fc fusion protein) immobilized .on a Biacore chip.

[0071] In certain embodiments, the DLL4 antagonist (e.g., an antibody) binds to DLL4 with a half
maximal effective concentration (EC5,) -of about IpM or less, about 100nM or less, about 40nM or
less, about 20nM or less, about |OnM or less, or-about InM or less. In certain embodiments, the
DLL4 antagonist or antibody binds to human DLL4 with an ECs, of about 40nM or less, about 20nM
or less, about 10nM or less, or about InM -or less.

[0072] In certain embodiments, the DLL4 antagonist is a polypeptide. In certain embodiments, the
DLL4 antagonist or polypeptide is an antibody. In certain. embodiments, the antibody isan 1gG
antibody.  In some embodiments, the antibody isan IgGl antibody. In some embodiments, the
antibody isan IgG2 antibody. In certain-embodiments, the antibody isamonoclonal antibody. In
some embodiments, the antibody isabispecific antibody. In certain embodiments, the antibody isa
humanized antibody. In certain embodiments, the antibody is a human antibody. In certain
embodiments, the antibody is an antibody fragment comprising an antigen-binding site.

[0073] The DLL4:antagonists (e.g., antibodies) of the present invention.can be assayed for :specific
binding by any method ‘known in the art. The immunoassays which can beused.include, but are not
limited. to, competitive and non-competitive assay systems using techniques such as Biacore analysis,
FACS analysis, immunofluorescence, immunocytochemistry, Western blot analysis,
radioimmunoassay, ELISA, "sandwich" immunoassay, .immunoprecipitation .assay, precipitation
reaction, gel diffusion-precipitin reaction, immunodiffusion .assay, agglutination assay, complement-
fixation assay, immunoradiometric assay, fluorescent immunoassay, and protein A immunoassay.
Such-assays are routine and 'well known inthe art (see,-.e.g., Ausubel et al., Editors, 1994-present,
Current Protocolsin Molecular Biology, John Wiley & Sons, Inc., New York, NY).
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[0074] In some embodiments, the specific binding of a DLL4 antagonist (e.g., an antibody) to human
DLL4 may be determined using ELISA. An ELISA assay comprises preparing DLL4 antigen,
coating wells of a96 well microtiter plate with antigen, adding to the wells the DLL4 antagonist or
antibody conjugated to a detectable compound such as an enzymatic substrate (e.g., horseradish
peroxidase or alkaline phosphatase),. incubating for a period of time and detecting the presence of the
binding agent or antibody. In some embodiments, the DLL4 antagonist or -antibody is not conjugated
to a detectable compound, but instead a second conjugated: antibody that recognizes the DLL4
antagonist or antibody is added to the well.. In some embodiments, instead of coating the well with
DLL4 antigen, the DLL4 antagonist or antibody can be coated on the well, antigen is added to the
coated well and then a second antibody conjugated to a detectable compound isadded. One of skill in
the art would be knowledgeable asto the parameters that can be modified and/or-optimized to increase
the signal detected, aswell as other variations of ELISAs that can be used (see, e.g., Ausubel e al.,
Editors, 1994-present, Current Protocols in Molecular Biology, John Wiley & Sons, Inc., New Y ork,
NY).

[0075] In some embodiments, the specific binding of a DLL4 antagonist (e.g., an antibody) to human
DLL4 may be determined using FACS. A FACS screening assay may comprise generating acDNA
construct that expresses an antigen as-afusion protein, transfecting the construct into cells, expressing
the antigen on the surface of the cells, mixing the DLL4 antagonist with the transfected cells, and
incubating for a period of time. The cells'bound by the DLL4 antagonist may be identified by using a
secondary antibody conjugated to adetectable compound (e.g., PE-conjugated anti-Fc antibody)-and-a
flow cytometer. One of skill in the art would be knowledgeable asto the parameters that can be
modified to optimize the signal detected aswell as other variations of FACS that: may -enhance
screening (e.g., screening for:blocking. antibodies).

[0076] The binding affinity of an antagonist or:antibody to DLL4 and the on-off rate of an antibody-
antigen interaction can be determined by competitive binding assays. In some embodiments, a
competitive binding assay is a radioimmunoassay comprising the incubation of labeled antigen (e.g.,
3H or 1), or fragment or variant thereof, with the antibody of interest in the presence of increasing
amounts of ‘unlabeled: antigen followed by the detection of the antibody bound to the labeled antigen.
The affinity of the antibody for the antigen and the on-off rates can be determined from the data by
Scatchard plot analysis. In some embodiments, Biacore kinetic analysis is used'to determine the
binding affinities and on-off rates of antagonists or antibodies that bind DLL4. Biacore kinetic
analysis comprises. analyzing the binding and dissociation of antibodies fromantigens (e.g.,. DLL4
proteins) that have been immobilized on:the surface of a Biacore chip. In some embodiments,
Biacore kinetic analyses can be used to study binding of different antibodies in qualitative epitope
competition binding assays.

[0077]: In some embodiments, the DLL4 antagonists are polyclonal -antibodies. Polyclonal antibodies
can be prepared by any known method. Polyclonal :antibodies:are prepared by immunizing an animal
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(e.g., arabbit, rat, mouse, goat, donkey) by multiple subcutaneous or intraperitoneal injections of the
relevant antigen (e.g., a purified peptide fragment, full-length recombinant protein, fusion protein,
etc.). The antigen can be optionally conjugated to a carrier protein such askeyhole limpet
hemocyanin (KLH) or serum albumin. The antigen (with or-without a carrier protein) isdiluted in
sterile saline and usually combined with an adjuvant (e.g., Complete or Incomplete Freund's
Adjuvant) to form a stable emulsion. After a sufficient period of time, polyclonal antibodies are
recovered from blood, ascites, and the like, of the immunized animal. Polyclonal antibodies can be
purified from serum or ascites according to standard methods in the:art including, but not limited to,
affinity chromatography, ion-exchange chromatography, gel electrophoresis, and dialysis.

[0078] In some embodiments, the DLL4 antagonists are monoclonal antibodies. Monoclonal
antibodies can be prepared using hybridoma methods known to one of skill in the art (see e.g., Kohler
and Milstein, 1975, Nature 256:495). Using the hybridoma method, a mouse, hamster, or other
appropriate host animal, isimmunized as described above to elicit lymphocytes to produce antibodies
that will specifically bind the immunizing antigen. In some embodiments, lymphocytes are
immunized in vitro. In some embodiments, the immunizing antigen (e.g., DLL4) isahuman protein
or aportion thereof In some embodiments, the immunizing antigen (e.g., DLL4) isamouse protein
or aportion thereof. In some embodiments, the.immunizing. antigen isan extracellular domain of
human:DLL4. In some embodiments, the immunizing antigen isan extracellular domain of mouse
DLLA4. In some.embodiments, amouse isimmunized with a human-antigen. ‘In.some embodiments, a
mouseisimmunized with a mouse antigen.

[0079] Following immunization, lymphocytes are-isolated and fused with a suitable myeloma:cell
line using, for example,. polyethylene glycol. The hybridoma cells-are selected using specialized
media as known in the art and unfused lymphocytes and myeloma cells do not survive the selection
process. Hybridomas that produce monoclonal antibodies directed against atarget antigen may be
identified by avariety of techniques including, but not limited to, immunoprecipitation,
immunoblotting, and in vitro binding -assays (e.g., flow cytometry, enzyme-linked. immunosorbent
assay (ELISA), or radioimmunoassay (RIA)). The hybridomas can be propagated either inin vitro
culture using standard methods (J.W. Goding, 1996, Monoclonal Antibodies: Principles and Practice,
3rd Edition, Academic Press, San Diego, CA) or in vivo as ascites in a host animal. The monoclonal
antibodies can be purified from the.culture medium or ascites fluid according to standard methods in
the art including, but not limited to, affinity chromatography, ion-exchange chromatography, gel
electrophoresis, -and-dialysis.

[0080] In-some embodiments, monoclonal antibodies: can be made using recombinant DNA
techniques as known to one skilled in the art (see e.g., U.S. Patent No. 4,816,567). For example, the
polynucleotides: encoding -a monoclonal - antibody are isolated from -mature: B-cells -or hybridoma cells,
such as by RT-PCR using oligonuclectide:primers that specifically amplify the genes encoding the

heavy and light chains of the antibody, and their sequence is determined using conventional
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techniques. The isolated polynucleotides encoding the heavy and light chains are cloned into suitable
expression vectors which produce the monoclonal antibodies when transfected into host cells such as
E. cali, simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise
produce immunoglobulin proteins. In certain embodiments, recombinant monoclonal antibodies, or
fragments thereof, can be isolated from phage display libraries expressing variable domain regions or
CDRs of adesired species (see e.g., McCafferty et a., 1990, Nature, 348:552-554; Clackson et al.,
1991, Nature, 352:624-628; and Marks et al., 1991, J. Mal. Biol, 222:581-597).

[0081] The polynucleotide(s) encoding a monoclonal antibody can be modified, for example, by
using recombinant DNA technology to generate alternative antibodies. In some embodiments, the
constant domains of the light and heavy chains-of, for example, a mouse monoclonal antibody:can be
substituted for.those regions of, for example, ahuman antibody to generate a chimeric antibody or for
anon-immunoglobulin polypeptide.to generate afusion antibody. In someembodiments, the constant
regions aretruncated or removed to generate the desired antibody fragment of a monoclonal -antibody.
In some embodiments, site-directed or high-density mutagenesis of the variable region can be used to
optimize specificity, affinity,.and/or other biological: characteristics of amonoclonal antibody. In
some embodiments, site-directed mutagenesis of the CDRs can be used to optimize specificity,
affinity, and/or other biological characteristics of amonoclonal -antibody.

[0082] In some embodiments, the DLL4 antagonist isahumanized:antibody. Typically, humanized
antibodies are human immunoglobulins in which:residues from the complementary determining
regions (CDRs) are replaced by residues from CDRs.of a hon-human: species (e.g., mouse, rat, rabbit,
hamster) that have the desired specificity, -affinity, and/or capability by methods known to one skilled
in-the art. In:.some embodiments, the Fv framework region residues: of ‘ahuman immunoglobulin are
replaced with the corresponding:framework region residues from a non-human immunoglobulin that
has the desired specificity, affinity, and/or capability. In some embodiments, the humanized antibody
isfurther modified by the substitution of additional residues either in the Fv framework region-and/or
within the replaced non-human: residues to refine and optimize antibody specificity,.affinity, .and/or
capability. In general, the humanized antibody will comprise substantially al of at least one, and
typically two or three, variable domains containing -al, or substantially -all, of the CDRs that
correspond to the non-human immunoglobulin -whereas all, or substantially all, of the framework
regions are those of ahuman-immunoglobulin consensus sequence. In some embodiments, the
humanized antibody can also comprise at least a portion of an immunoglobulin constant region or
domain (Fc), typically that of a human immunoglobulin. In certain embodiments, such humanized
antibodies are used therapeutically because they should be less antigenic and may reduce HAMA
(human anti-mouse antibody)-responses when administered to a human subject. One skilled in the art
would:beable to obtain afunctional humanized: antibody with reduced immunogenicity following
known techniques (see, e.g., U.S. Patent Nos. 5,225,539; 5,585,089; 5,693,761; and 5,693,762).
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[0083] In some embodiments, the invention provides an antibody that specifically binds the
extracellular domain of human DLL4, wherein the antibody comprises one, two, three, four, five,
and/or six of the CDRs of antibodies 21M 18, 21M 18 H9L 2, and/or 21M18 H7L2. These antibodies
have been described in U.S. Patent No. 7,750,124, filed September 28, 2007. Antibodies 21M18
H7L2 and 21M 18 HOL 2 are humanized versions of the murine 21M 18 antibody. Antibody 21IM1 8
H7L2 is also referred to as OMP-21M 18 and demcizumab.

[0084] In certain embodiments, the invention provides.a DLL4 antagonist, wherein the antagonist is
a DLL4 antibody that specifically binds.an epitope within amino acids 27-217 of the extracellular
domain of human DLL4, and wherein the antibody comprises. aheavy chain CDR1 comprising
TAYYIH (SEQ ID NO: 1), aheavy chain CDR2 comprising YISCYNGATNYNQKFKG (SEQ ID
NO:2), YISSYNGATNYNQKFKG (SEQ ID NO:3), or YISVYNGATNYNQKFKG (SEQ ID NO:4),
and aheavy chain CDR3 comprising RDYDYDVGMDY (SEQ ID NO:5). In some embodiments, the
antibody further comprises alight chain CDR1 comprising RASESVDNY GISFMK (SEQ ID NO:6),
alight-chain CDR2 comprising AASNQGS (SEQ ID NO:7), and alight chain CDR3 comprising
QQSKEVPWTFGG (SEQ ID NO:8). In some embodiments, the antibody comprises alight chain
CDR1 comprising RASESVDNYGISFMK (SEQ ID NO:6), alight chain CDR2 comprising
AASNQGS (SEQ ID NO:7), and alight chain CDR3 comprising QQSKEVPWTFGG (SEQ ID
NO:8). In some embodiments, the DLL4 antibody comprises aheavy chain CDR1 comprising
TAYYIH(SEQ ID NQO:l), aheavy chain CDR2 comprising YISSYNGATNYNQKFKG (SEQ ID
NO:3), and aheavy chain CDR3 comprising RDYDYDVGMDY (SEQ ID NO:5); and alight:chain
CDR1 comprising RASESVDNY GISFMK (SEQ ID NQO:6), alight chain CDR2 comprising
AASNQGS (SEQ ID NO:7), and.alight chain. CDR3 comprising QQSKEVPWTFGG (SEQ 1D

NQO: 8).

[0085] In certain embodiments, the invention provides an antibody that specifically binds an epitope
within amino acids 27-217 of the extracellular domain of human DLL4, wherein the antibody
comprises a heavy chain variable region having at' least about 80% sequence identity to SEQ ID
NO:9, SEQ ID NO: 10, or SEQ ID NO:l 1, and/or alight chain variable region having at |east 80%
sequence identity to SEQ ID NO: 12. In certain embodiments, the antibody comprises a heavy chain
variable region having at least about 85%, at least about 90%, a least about 95%, at |east about 97%,
or‘a least about 99% sequence identity to:SEQ-ID NO:9, SEQ ID NO: 10, or SEQ ID NO: 11. In
certain. embodiments, the antibody comprises a light chain variable region having at least about 85%,
at least about 90%, at least about 95%, at least about 97%, or at |east about 99% sequence identity to
SEQID NO: 12. In certain embodiments, the antibody comprises a heavy:chain variable region
having at least about:95% sequence identity to SEQ:ID NO:9, and/or alight chain variable region
having a least about 95% sequence identity to SEQ ID 'NO: 12. In:certain:embodiments, the antibody
comprises aheavy chain variable region comprising SEQ ID NO:9, and/or alight chain variable
region comprising SEQ ID NO: 12. In certain embodiments, the antibody comprises aheavy chain
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variable region comprising SEQ ID NO:9 and alight chain variable region comprising SEQ ID
NO:.12. In certain embodiments, the antibody comprises aheavy chain variable region having a |least
about 95% sequence identity to SEQ ID NO: 10, and/or -a light chain variable region having at least
about 95% sequence identity to SEQ ID NO: 12. In certain embodiments, the antibody comprises a
heavy chain variable region comprising SEQ ID NO: 10, and/or alight chain.variable region
comprising SEQ ID NO: 12. In certain. embodiments, the antibody comprises a heavy chain variable
region comprising SEQ ID NO: 10 and alight chain variable region comprising SEQ ID NO: 12. In
certain embodiments, the antibody comprises a heavy chain variable region having at least about 95%
sequence identity to SEQ ID NO:1 1, and/or a light chain variable region having at least about 95%
sequence identity to SEQ ID NO: 12. In certain embodiments, the antibody comprises a heavy chain
variable region comprising-SEQ 1D NO:l -1, and/or alight chain variable region comprising SEQ 1D
NO: 12. In certain embodiments, the antibody:comprises a heavy chain variable region comprising
SEQ ID NO: 11and alight chain variable region comprising SEQ ID NO: 12.

[0086] In certain embodiments, the anti-DLL4 antibody isthe antibody produced by the hybridoma
deposited with ATCC on. September 28, 2007 and having ATCC deposit number PTA-8670, also
known asmurine 21M18. The murine 21M 18 antibody: is described:in detail in U.S. Patent No.
7,750,124, filed September 28, 2007.

[0087] In certain embodiments, the anti-DLL4 antibody: isthe antibody encoded by the plasmid
deposited with ATCC on May 10, 2007, having ATCC deposit number PTA-8425, aso-known as
21M18 H7L2 and OMP-21M18. The OMP-21M 18 antibody is described in detail in U.S. Patent No.
7,750,124, filed September 28, 2007. The-anti-DLL4 antibody  OMP-21M18 comprises-a heavy chain
variable region comprising CDR amino acid sequences CDR1 (SEQ ID NO:l); -CDR2:(SEQ ID
NO:3); and CDR3 (SEQ ID'NO:5); and alight-chain variable region comprising: CDR amino acid
sequences CDR1 (SEQ ID NO:6); -CDR2 (SEQ:ID NO:7); and CDR3 (SEQ:ID NO:8). Inone
embodiment, the OMP-21M1 8 antibody comprises the heavy chain variable region sequence of SEQ
ID NO:10 and the light chain:variable region sequence:of SEQID NO: 12.

[0088] In certain embodiments, the'anti-DLL4 antibody isthe antibody encoded by the plasmid
deposited with ATCC on May 10, 2007, having ATCC deposit number PTA-8427, aso known as
21M18 H9L2. The 21M18 HIL 2 antibody is described in detail in U.S. Patent No. 7,750,124, filed
September 28, 2007.

[0089] In certain embodiments, the:DLL4 antagonist (e.g., an antibody):binds tothe same epitope
that an antibody comprising the heavy chain variable region comprising SEQ'ID NO: 10, and/or a light
chain variable region.comprising SEQ:ID NO: 12 hinds. In certain:embodiments, the DL L4 antagonist
(e.g.,-an antibody) binds to'the same epitope that an antibody comprising the heavy chain variable
region: comprising SEQ:ID NO:9, and/or alight chain variable region.comprising SEQ:ID-NO: 12
binds. In certain embodiments, the DLL4-antagonist (e.g., an antibody) bindstothe:same epitopethat
an antibody comprising the heavy chain variable region comprising SEQ ID NO: 11, and/or alight
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chain variable: region comprising SEQ ID NO: 12 binds. In some embodiments, the DLL4 antagonist
or antibody binds to the same epitope as murine antibody 21M18. In some embodiments, the DLL4
antagonist or antibody binds to:the same epitope as humanized antibody 2 1M 18 H7L2 (OMP-
21M18). In some embodiments, the DLL4 antagonist or antibody binds to the same epitope as
humanized antibody 21M 18 HOL 2.

[0090] In certain embodiments, the DLL4 antagonist (e.g., an antibody) competes for specific
binding to an.extracellular domain of human DLL4 with an antibody, wherein the antibody comprises
aheavy chain variable region comprising SEQ ID NO: 10, and/or a light chain variable region
comprising SEQ ID NO: 12.. In certain embodiments, the DLL4 antagonist (e.g., an antibody)
competes for specific binding to an extracellular domain of human DLL4 with an antibody, wherein
the antibody comprises a heavy chain variable region.comprising SEQ ID NO:9, and/or alight chain
variable region comprising SEQ ID NO: 12. In certain embodiments, the DLL4 antagonist (e.g., an
antibody) competes for specific binding to.an extracellular domain of human DLL4 with an antibody,
wherein the antibody comprises aheavy chain variable region comprising SEQ ID NO: 11, and/or a
light chain variable region comprising SEQ ID NO: 12. In some embodiments, the DLL4 antagonist
competes for specific binding to an extracellular domain of human DLL4 with an antibody encoded
by the plasmid deposited with ATCC having deposit:no. PTA-8425. In some embodiments, the DLL4
antagonist or antibody competes for specific-binding to-an extracellular domain of human DLL4 with
an antibody encoded by the plasmid deposited with ATCC having deposit no. PTA-8427. In some
embodiments, ‘the:DLL4 antagonist or antibody competes:for :specific binding to an extracellular
domain of human DLL4 with an antibody-produced by the hybridoma. deposited with ATCC having
deposit no. PTA-8670. In some embodiments, the DLL4 antagonist or antibody competes for specific
binding to an epitope within amino acids 27-217.of the extracellular domain of human DLL4 in-a
competitive-binding assay. Other anti-DLL4 antibodies are known-in the art and may.be used in the
methods described herein.

[0091] In certain-embodiments, the DLL4 antagonist isahuman antibody. Human antibodies can'be
directly prepared using various techniques known.in.the-art. In some embodiments, ‘human antibodies
may be generated from immortalized human B lymphocytes immunized in vitro or from.lymphocytes
isolated from-an immunized individual. In either case, cellsthat produce an antibody directed against
atarget.antigen can be generated and .isolated (see, e.g., Cole et a., 11985, Monoclonal Antibodies and
Cancer Therapy, Alan R. Liss, p. 77; Boemer et al., 1991, J Immunol, 147:86-95; and-U.S. Patent
Nos. 5,750,373; 5,567,610; and 5,229,275).

[0092] In some embodiments, the human antibody can be selected from a phage:library, wherein the
phage library expresses:human antibodies (Vaughan et al., 1996, Nature Biotechnology, 14:309-314;
Sheets et-al, 1998, PNAS, 95:6157-6162; Hoogenboom and Winter, 1991, J, Mal. Biol., 227:381;
Marks et a., 1991, J Moal. Biol., 222:581). Alternatively, phage display:technology can be usedto

produce human antibodies and antibody fragments:in-vitro, from immunoglobulin:variable domain
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gene repertoires from unimmunized donors. Techniques for the generation and use of antibody phage
libraries are described in U.S. Patent Nos. 5,969,108; 6,172,197; 5,885,793; 6,521,404; 6,544,731,
6,555,313; 6,582,915; 6,593,081; 6,300,064; 6,653,068; 6,706,484; and 7,264,963; and Rothe et a .,
2008, J, Mol. Bio., 376:1182-1200.

[0093] Once antibodies are identified, affinity maturation strategies known in the art, including but
not limited to, chain shuffling (Marks et al., 1992, Bio/Technology, 10:779-783) and site-directed
mutagenesis, may be employed to generate high affinity human antibodies.

[0094] In some embodiments, human antibodies can be made in transgenic mice that contain human
immunoglobulin loci.- Upon immunization these mice are capable of producing the full repertoire of
human antibodies in the absence of endogenous immunoglobulin production. This approach is
described in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425;-and 5,661,016.
[0095]: In certain embodiments, the DLL4 antagonist is a bispecific antibody. Bispecific antibodies
are capable of specifically recognizing and binding to at least two different epitopes. The different
epitopes can either be within the.same molecule- or on different molecules. In some embodiments, the
antibodies can specifically recognize and bind afirst antigen target, (e.g., DLL4) aswell as a second
antigen target, such asan effector molecule on-aleukocyte (e.g., CD2, CD3, CD28, or:B7) oralFc
receptor (e.g., CD64, CD32, or CD 16) so asto focus cellular defense mechanisms to the cell
expressing the first antigen target. In some embodiments, the antibodies can be used to direct
cytotoxic agents to cells which express a particular target antigen, such asDLL4. These antibodies
possess an antigen-binding arm-and an arm which:binds a cytotoxic agent or aradionuclide chelator,
such as EOTUBE,:DPTA, DOTA, or TETA. In certain embodiments, the antibodies can be used to
affect .angiogenesis. In certain embodiments, ‘the bispecific antibody . specifically binds.DLL4, aswell
as a second Notch ligand (e.g., Jagged 1 or Jagged2), or at least.one Notch receptor selected from the
group consisting of Notch 1, Notch2, Notch3, and Notch4. In certain embodiments, the bispecific
antibody specifically binds DLL4, aswell asVEGF. In some embodiments, the bispecific antibody is
abispecific antibody disclosed in U.S. Patent Application No. 13/625,417, filed on September 24,
2012. In some embodiments, the anti-VEGF/DLL4 bispecific antibody is 219R45-MB-21M 18,
219R45-MB-21R79, 219R45-MB-21R75, or 219R45-MB-21R83 asdisclosed in U.S. Patent
Application No. 13/625,417, filed on September 24, 2012.

[0096] Techniques for- making bispecific antibodies are known by those-skilled in the art, see for
example, Millstein et al., 1983, Nature, 305:537-539;. Brennan et a., 1985, Science, 229:81; Suresh et
al, 1986, Methods in Enzymol, 121:120; Traunecker €t a., 1991, EMBQJ., 10:3655-3659; Shalaby et
a., 1992, J, Exp. Med., 175:217-225; Kostelny et a., 1992, J. Immunol, 148:1547-1553; Gruber et
al., 1994, J, Immunol, 152:5368; U.S. Patent No. 5,73 1,168; and U.S. Patent Application Pub. No.
201 1/0123532). ‘Bispecific antibodies can be intact antibodies or antibody fragments. Antibodies

with more than two valencies are al'so contemplated. For example, trispecific antibodies can be
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prepared (Tutt et a., 1991, J Immunol, 147:60). Thus, in certain embodiments the antibodies to
DLL4 are multispecific.

[0097] In certain embodiments, the DLL4 antagonists (e.g., antibodies or other polypeptides)
described herein may be monospecific. For example, in certain embodiments, each of the one or more
antigen-binding sitesthat an antibody contains is capable of binding (or binds) a homologous epitope
on DLLA4.

[0098] In certain embodiments, the DLL4 antagonist is an antibody fragment. Antibody fragments
may have different functions or capabilities than intact antibodies; for example, antibody fragments
can have increased tumor penetration. Various techniques are known for the production of antibody
fragments including, but not limited to, proteolytic digestion of intact antibodies. In some
embodiments, antibody fragments include a F(ab')2 fragment produced by pepsin digestion of an
antibody molecule. In some embodiments, antibody fragments include a Fab fragment generated by
reducing the disulfide bridges of an F(ab)2 fragment. In other embodiments, -antibody fragments
include a Fab fragment generated by the treatment of the antibody  molecule with-papain and a
reducing agent. In certain embodiments, antibody fragments are produced recombinantly. In some
embodiments, antibody fragments include Fv-or.single chain Fv (scFv) fragments. Fab, Fv, and scFv
antibody fragments can be expressed: in, and secreted from, E. coli or other host cells, allowing for the
production of large amounts of these fragments. In some embodiments, antibody fragments are
isolated from antibody phage libraries as discussed herein. For example, methods can be used for the
construction of Fab expression libraries (Huse et al., :1989, Science, 246:1275-1281) to alow rapid
and effective identification of monoclona Fab fragments with the desired specificity for DLL4, or
derivatives, fragments, analogs or homologs thereof. ‘In some embodiments, antibody fragments are
linear antibody fragments. In certain embodiments, antibody fragments are monospecific or
bispecific. In certain embodiments, the DLL4 antagonist isa scFv. Various techniques can be used
for the production of single-chain antibodies specific to DLL4 (see, e.g., U.S. Patent No. 4,946,778).
[0099] It can further be desirable, especially in the case of antibody fragments, to-modify an antibody
in order to increase its serum half-life. This can be achieved, for example, by incorporation of a
salvage receptor binding epitope into the antibody: fragment by mutation .of the appropriate region in
the-antibody fragment or by incorporating the epitope into a peptide tag that isthen fused to the
antibody fragment at either end or in.the middle (e.g., by DNA or peptide synthesis).

[00100] For the purposes of the present invention, it should be appreciated that modified antibodies, or
fragments thereof, can comprise any type of variable region that provides for the association of the
antibody with- DLL4. In thisregard, the variable region may:be derived from any type of mammal
that can be induced:to mount a humoral response and generate immunoglobulins against -a desired
antigen (e.g., D1.1.4). Assuch, the variable region of the modified: antibodies can be, for example, of
human, murine, .non-human:primate:(e.g., cynomolgus monkeys, macaques, etc.) or lepine-origin. In

some embodiments, - both the variable and constant regions of the modified immunoglobulins are
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human. In other embodiments, the variable regions of compatible antibodies (usualy derived from a
non-human source) can be engineered or specificaly tailored to improve the binding properties or
reduce the immunogenicity of the molecule. In this respect, variable regions useful in the present
invention can be humanized or otherwise atered through the inclusion of imported amino acid
sequences.

[00101] In certain embodiments, the variable domains in both the heavy and light chains are altered by
at least partia replacement of one or more CDRs and, if necessary, by partial framework region
replacement: and sequence modification. Although the CDRs may be derived from an antibody of the
same class or even subclass asthe antibody from which the framework regions are derived, it is
envisaged that the CDRs will be derived from-an antibody of a different class and preferably from an
antibody from a different species. It may not be necessary to replace al of the CDRs with al of the
CDRs from the donor variable region to transfer the antigen binding capacity of one variable domain
to another. Rather, it may only be necessary to transfer those residues that are necessary to maintain
the activity of the antigen binding site.

[00102] Alterations to the variable region notwithstanding, those skilled in the art will appreciate that
the modified antibodies of this-invention will comprise antibodies (e.g., full-length antibodies or
antigen-binding fragments thereof) in which at |east-afraction of one or more of the constant:region
domains has been deleted or otherwise altered so asto provide desired biochemica characteristics,
such as increased tumor localization, increased tumor penetration, reduced serum half-life or
increased serum half-life when compared with an antibody of approximately the same
immunogenicity comprising a native or unaltered constant region. In.someembodiments, the constant
region of the modified antibodies comprises a human constant region. Modifications to the constant
region include additions, deletions, or substitutions of one or more amino acids in one or more
domains. The modified antibodies disclosed: herein may comprise alterations or modifications to one
or more of the three heavy chain constant: domains (CHI, CH2 or CH3) and/or to the light chain
constant domain (CL). In-some embodiments, one or more domains are partially or entirely deleted
from the constant regions of the modified antibodies. -In some embodiments, the entire CH2 domain
has been removed (ACH2 constructs). In.some embodiments, the omitted constant region domain is
replaced by a short amino acid spacer (e.g., 10 aa residues).that provides some of the molecular
flexibility typically-imparted by-the absent constant region.

[00103]'In certain embodiments, the modified antibodies are engineered to fuse the CH3 -domain
directly to the hinge region of the antibody. In other embodiments, a peptide spacer is inserted
between the hinge region and the modified CH2 and/or CH3:-domains. ‘For:-example, constructs may
be expressed wherein the CH2 domain has been deleted and the remaining CH3 domain (modified or
unmodified) isjoined:tothe hinge region with a 5-20 amino-acid spacer. Such a spacer may be added
to ensure that-the regulatory-elements of the constant domain remain free.and accessible or that the

hinge region remains flexible. However, it should be noted:that amino acid spacers can, in some
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cases, prove to be immunogenic and elicit an unwanted immune response against the construct.
Accordingly, in certain embodiments, any spacer added to the construct will be relatively non-
immunogenic so asto maintain the desired biological qualities of the modified antibodies.

[00104] In some embodiments, the modified antibodies may have only apartial deletion of a constant
domain or substitution of afew or even a single amino acid. For example, the mutation of asingle
amino acid in selected areas of the CH2 domain may be enough to substantially reduce Fc binding and
thereby increase tumor localization and/or tumor penetration. Similarly, it may be desirable to simply
delete the part of one or more constant region. domains that control a specific effector function (e.g.,
complement C1qg binding) to be modulated. Such partial deletions of the constant regions may
improve selected characteristics of the antibody (serum half-life) while leaving other desirable
functions-associated with the subject constant region domain intact. Moreover, as alluded to above,
the constant regions of the disclosed antibodies may be modified through the mutation or substitution
of one or more amino acids that enhances the profile of the resulting construct. In this respect it may
be possible to disrupt the activity provided by a conserved binding site (e.g., Fc binding) while
substantially maintaining the configuration and immunogenic profile of the modified antibody. In
certain embodiments, the modified antibodies comprise the addition of one or more amino acidsto the
constant region to enhance desirable characteristics such as decreasing or increasing effector function
or-provide for more cytotoxin or-carbohydrate attachment sites.

[00105] It is known in‘the art that the constant region mediates several effector functions. For
example, binding of the ClI component of complement to the Fc region of 1gG or IgM antibodies
(bound to antigen)-activates the complement system. Activation of complement isimportant in the
opsonization and lysis of cell pathogens. The activation of complement also stimulates the
inflammatory response and can:also be involved in autoimmune hypersensitivity. ‘In addition, the Fc
region of an antibody can bind to.a cell expressing a Fc receptor (FcR). There are anumber of Fc
receptors which are specific for different classes of antibody, including 1gG (gamma receptors), IgE
(epsilon receptors), 1gA (aphareceptors) and IgM (mu receptors). Binding of antibody to Fc
receptors on cell- surfaces triggers a number of important and diverse biological responses including
engulfment and destruction of antibody-coated particles, clearance of immune complexes, lysis of
antibody-coated target cells by killer cells, release of inflammatory mediators, placenta transfer and
control -of immunoglobulin production.

[00106] In certain embodiments, the DLL4 antibodies provide for atered effector functions that, in
turn, affect the biological profile of the administered antibody. For example, in some embodiments,
the deletion or inactivation (through point mutations or other means) of a constant region. domain may
reduce Fc receptor binding of the circulating modified antibody (e.g., DLL4 antibody) thereby
increasing tumor-localization and/or penetration. :In-other embodiments, the constant.region

modifications increase or reduce the serum half-life of the antibody. In some embodiments, the
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constant region is modified to eliminate disulfide linkages or oligosaccharide moieties allowing for
enhanced tumor localization and/or penetration.

[00107] In certain embodiments, a DLL4 antibody does not have one or more effector functions. In
some embodiments, the antibody has no antibody-dependent cellular cytoxicity<(ADCC) activity
and/or no complement-dependent .cytoxicity (CDC) activity. 'In certain embodiments, the antibody
does not bind to an Fc receptor and/or complement factors. In certain embodiments, the antibody has
no effector function.

[00108] The present invention further embraces variants and equivalents which are substantially
homol ogous to the chimeric, humanized, and.human.antibodies, or antibody fragmentsthereof, set
forth herein. - These can contain, for example, conservative substitution mutations, i.e. the substitution
of one or more amino acids by similar amino acids.

[00109] Thus, the present invention provides methods for generating an antibody that binds the
extracellular domain of ‘human DLL4. In:some embodiments, the method for generating an antibody
that binds DLL4 comprises using hybridoma techniques. 1n some embodiments, the method
comprises using an extracellular domain of mouse DLL4 or human DLL4 as an immunizing antigen.
In some embodiments, the method- of generating:an antibody that binds DL L4 comprises screening a
human:phage library. The present invention-further provides methods of identifying an-antibody that
bindsto DLL4. In some embodiments, the antibody is identified by screening for binding to DLL4
with flow cytometry (FACS). In some embodiments, the antibody is screened for binding to human
DLLA4. In some embodiments, the antibody is screened for binding.to mouse DLL4. {In some
embodiments, the antibody is identified by screening for.inhibition or:blocking of DLL4-induced
Notch activation. In-some embodiments, the DLL4 ishuman DLL4. In some embodiments, the
Notch is human Notch 1, Notch2, Notch3, or Notch4.

[00110] In certain embodiments, the .antibodies described herein are isolated. In certain embodiments,
the antibodies described herein are substantially-pure.

[00111] Certain anti-DLL4 antibodies have been described, for example, in U.S. Patent No. 7,750,124,
Additional anti-DLL4 antibodies.are described.in, ‘e.g., International Patent Publication Nos. WO
2008/091222 and WO 2008/0793326, and U.S. Patent Application Publication Nos. 2008/0014196,
2008/0175847, 2008/0181899, 2008/0107648, and 2010/0196385.

[00112] In some embodiments of the present invention, the DLL4 antagonists are polypeptides. The
polypeptides can be recombinant polypeptides, natural polypeptides, or synthetic:polypeptides that
bind:an epitope comprising amino acids within the extracellular domain:of human:DLL4. In some
embodiments, the polypeptides comprise an antibody or fragment thereof that binds-an epitope within
the extracellular domain of human DLL4. It will be recognized by those of skill inthe art that some
amino acid sequences.of a polypeptide can be varied without significant effect on the structure or
function of the protein. Thus, the polypeptides further include variations of the polypeptides which

show substantial binding activity to-an epitope of the human DLL4 protein. In some embodiments,
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amino acid sequence variations of polypeptides include deletions, insertions, inversions, repeats,
and/or type substitutions.

[00113] The polypeptides and variants thereof, can be further modified to contain additional chemical
moieties not normally part of the polypeptide. The derivatized moieties can improve the solubility,
the biological half-life, or the absorption of the polypeptide. The moieties.can aso reduce or
eliminate any undesirable side effects of the polypeptides and variants. An overview for such
chemical moieties can be found-in Remington: The Science and Practice d Pharmacy, 21st Edition,
2005, University of the:Sciences in Philadelphia, PA.

[00114] The'isolated polypeptides described:-herein can be produced by any suitable method known in
the art. Such methods range from direct protein synthesis methods to constructing a DNA sequence
encoding isolated polypeptide sequences and expressing those:sequences in a suitable host. 1n-some
embodiments, a DNA sequence is constructed using recombinant technology by isolating or
synthesizing a DNA sequence encoding awild-type protein of interest. Optionally, the sequence can
be mutagenized by site-specific mutagenesis to provide functional variants thereof

[001.15] In some embodiments, a DNA sequence encoding -a polypeptide of interest may be
constructed by chemical synthesis using an oligonucleotide synthesizer.. Oligonucleotides can be
designed based on the amino acid sequence of the desired polypeptide and by selecting those codons
that are favored in the host cell in which the recombinant polypeptide of interest will' be produced.
Standard: methods:can be applied to synthesize.a polynucleotide sequence encoding a polypeptide.of
interest. For-example, a complete amino acid sequence can be used to construct a back-translated
gene. Further, aDNA oligomer containing a nucleotide sequence coding for the particul ar
polypeptide can be synthesized. For example, several:-small:oligonuclectides coding for portions of
the desired polypeptide-can be synthesized -and then ligated. The individual oligonucleotides typically
contain 5' and/or 3' overhangs for complementary assembly.

[00116] Once assembled (by:synthesis, site-directed mutagenesis, or another method), the

polynucl eotide. sequences encoding a particul ar-polypeptide of ‘interest can be inserted into.an
expression vector and operatively linked to.an expression control sequence appropriate for expression
of the polypeptide in adesired host. Proper assembly can be confirmed by nucleotide sequencing,
restriction mapping, and/or.expression of abiologically active polypeptide.in a suitable host. Asis
well-known in:the art, in order to obtain high expression levels of atransfected:gene in ahost, the
gene must be operatively linked to transcriptional and translational expression control sequences that
are functional in‘the chosen. expression: host.

[00117].In. certain.embodiments, recombi nant-expression vectors are used-to amplify and express
DNA encoding DLL4 antagonists such as polypeptides or-antibodies, or.fragments thereof. For
example, recombinant expression vectors can be replicable DNA constructs which have synthetic or
cDNA-derived DNA fragments encoding apolypeptide chain of :an anti-DLL4 antibody, or fragment
thereof, operatively linkedto suitabletranscriptional  or translational regulatory elements derived from
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mammalian, microbial, viral, or insect genes. A transcriptional unit generally comprises an assembly
of (1) aregulatory element or elements having arole in gene expression, for example, transcriptional
promoters and/or enhancers, (2) a structural or coding sequence which istranscribed into mRNA and
trandlated into protein, and (3) appropriate transcription and translation initiation and termination
sequences. Regulatory elements can include an operator sequence to control transcription. The
ability to replicate in ahost, usually conferred by an origin of replication, and a selection geneto
facilitate recognition of transformants can aso be incorporated. DNA regions are "operatively
linked" when they are functionally related to each other. For example, DNA for a signa peptide
(secretory leader) is operatively linked to DNA for apolypeptide if it is expressed as a precursor
which participates in the secretion of the polypeptide; a promoter is operatively linked to a coding
sequence if it controlsthe transcription of the sequence; or aribosome binding site is.operatively
linked to a coding sequence if it is positioned so asto permit translation. Structural elements intended
for use in yeast expression systems include a leader sequence enabling extracellular secretion of
trandlated protein by ahost cell. Alternatively, where recombinant protein is expressed without a
leader or-transport sequence, it can include an N-terminal methionine residue. This residue can
optionally be subsequently cleaved from the expressed recombinant protein to provide afinal product.
[00118]. The choice of an expression vector and control elements depends upon the choice of host. A
wide variety of expression host/vector combinations can be employed. Useful expression vectors for
eukaryotic-hosts include, for example, vectors comprising expression control sequences from SvV40,
bovine papilloma virus, adenovirus and cytomegalovirus. Useful expression vectors for bacterial
hosts include known bacterial plasmids, such asplasmids.from E. coli, .including pCRI, pBR322,
pMB9 and their derivatives,:and wider host range plasmids, such-as M13 and other filamentous
single-stranded DNA phages.

[00119] Suitable host cells for expression of a DLL4 antagonist-polypeptide or antibody (or aDLL4
protein to use asan antigen) include prokaryotes, yeast, insect, or higher eukaryotic cells under the
control of appropriate promoters. Prokaryotes.include gram-negative or gram-positive organisms, for
example, E. coli or Bacilli. Higher eukaryotic cells include established cell lines of mammalian origin
as described below. Cell-free trandation systems can-also be employed.

[00120] Various mammalian or insect cell culture systems are used to express recombinant protein.
Expression of recombinant proteins in mammalian.cells may be preferred because such proteins are
generally correctly folded, appropriately modified, and biologically functional. Examples of suitable
mammalian host cell linesinclude COS-7 (monkey kidney-derived), L-929 (murine fibroblast-
derived), CI27 (murine mammary tumor-derived), 3T3 (murine fibroblast-derived), CHO (Chinese
hamster ovary-derived), HelL a (human cervical-cancer-derived), BHK (hamster kidney fibroblast-
derived). cdll: lines, and:HEK-293: (human embryonic kidney-derived) cell lines and variants thereof.
Mammalian expression vectors can comprise non-transcribed elements such-as an origin of

replication, a suitable promoter and enhancer linked to the gene to be expressed, and other 5' or 3'
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flanking non-transcribed sequences, and 5' or 3' non-translated sequences, such as necessary ribosome
binding sites, apolyadenylation site, splice donor and acceptor sites, and transcriptional termination
sequences. Baculovirus systems for production of heterologous proteins in insect cells are well-
known to those of skill inthe art (see, e.g., Luckow and Summers, 1988, Bio/Technology, 6:47).
[00121] The proteins produced by atransformed host can be-purified according to-any suitable
method. Such methods include chromatography (e.g., ion exchange, affinity, and sizing column
chromatography), centrifugation, differential solubility, or by any other standard technique for protein
purification. Affinity tags such ashexa-histidine, maltose binding domain, influenza coat sequence
and glutathione-S-transferase can be attached to the protein to.allow easy purification by passage over
an appropriate affinity. column. Isolated proteins can be physically characterized-using such
techniques as proteolysis, high performance liquid chromatography (HPLC), nuclear magnetic
resonance (NMR), and x-ray crystallography.

[00122] For example, supernatants from expression systems which secrete recombinant protein into
culture media can be first concentrated using a commercially available protein concentration filter, for
example, an Amicon or Millipore Pellicon ultrafiltration unit. ‘Following the concentration step, the
concentrate can be applied to a suitable purification matrix. In some embodiments, an anion exchange
resin is employed, for example, amatrix or substrate having pendant diethylaminoethyl (DEAE)
groups. The matrices can-be acrylamide, agarose, dextran, cellulose, or other types commonly
employed in protein purification. In some embodiments, a cation exchange step is employed.
Suitable cation exchangers include various insoluble matrices comprising sulfopropyl or
carboxymethyl groups. In some-embodiments, a hydroxyapatite -media isemployed, including but not
limited to, ceramic hydroxyapatite (CHT). In some embodiments, one or more reversed-phase HPLC
steps-employing hydrophobic RP-HPLC media, (e.g., silica gel having pendant methyl or other
aliphatic. groups), is employed to further purify aprotein. Some or all of the foregoing purification
steps, in various combinations, can be employed to provide a homogeneous recombinant protein.
[00123] In some-embodiments, recombinant protein produced in bacteria culture is isolated, for
example, by initial extraction from cell pellets, followed by one or more concentration, salting-out,
agueous ion exchange, or size exclusion chromatography steps. In certain embodiments, HPLC is
employed for-final -purification steps. Microbial cells employed in expression of arecombinant
protein cag be disrupted by any convenient method, including freeze-thaw cycling, sonication,
mechanical disruption, or use of cell lysing agents.

[00124] Methods known in the art for purifying antibodies and other proteins also include, for
example, those described in U.S. Patent Application Pub. Nos. 2008/0312425, 2009/0187005, and
U.S. Patent No. 7,691,980.

[00125].In certain. embodiments, the DLL4 antagonist is a.polypeptide that-is not an-antibody. A
variety of methods for identifying and producing non-antibody polypeptides that bind with high
affinity to aprotein target are known inthe art. ‘See, e.g., Skerra, 2007, Curr. Opin. Biotechnal,
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18:295-304; Hosse et al., 2006, Protein Science, 15:14-27; Gill et al., 2006, Curr. Opin. Biotechnol,
17:653-658; Nygren, 2008, FEBSJ., 275:2668-76; and Skerra, 2008, FEBSJ., 275:2677-83. In
certain embodiments, phage display technology may be used to produce and/or-identify aDLL4
antagonist polypeptide. In certain embodiments, the DLL4 antagonist polypeptide comprises a
protein scaffold of atype selected from the group consisting of protein A, protein G, alipocalin, a
fibronectin domain, an ankyrin consensus repeat domain, and thioredoxin.

[00126]'In certain embodiments, the DLL4 antagonists or antibodies can be used in any one of a
number of conjugated (e.g., an immunoconjugate or radioconjugate) or non-conjugated forms. In
certain embodiments, the antibodies are used in non-conjugated form to harness the subject's natural
defense mechanisms including CDC and/or ADCC to eliminate malignant or cancerous cells.

[00127] In certain embodiments, the DLL4 antagonist (e.g., an antibody or polypeptide) is conjugated
to acytotoxic agent. In some embodiments, the cytotoxic agent is a chemotherapeutic agent
including, but not limited to, methotrexate, adriamicin, doxorubicin, melphalan, mitomycin C,
chlorambucil, daunorubicin or other intercalating agents. In some embodiments, the cytotoxic agent
isaenzymatically active toxin of bacterial, fungal, plant, or animal origin, or fragments thereof,
including but not limited to, diphtheria A chain, nonbinding :active fragments of diphtheriatoxin,
exotoxin A chain, ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordii
proteins, dianthin proteins, Phytolaca americana proteins (PAPI, PAPII, and PAP-S), Momordica
charantia inhibitor, curcin, crotin, Sapaonaria officinalis inhibitor, gelonin, restrictocin, phenomycin,
enomycin, and the tricothecenes. In certain embodiments, the cytotoxic agent is aradioactive isotope
to produce a radioconjugate or aradioconjugated antibody. A variety of radionuclides are available
for the production of radioconjugated antibodies including, but not limited to, 20Y , 2%, 11 123 W,
B, 1°Rh, #35m, ’Cu, ¥’ Ga, *Ho, '"'Lu, '*Re, *¥Re and 22Bi. Conjugates of an antibody and one
or more small molecule toxins, such as a calicheamicin, maytansine, maytansinoids, atrichothene,
and CC1 065, and the derivatives of these toxins that have toxin activity, can also be used. Conjugates
of an antibody and cytotoxic agent are made using a variety of bifunctional protein-coupling agents
such as N-succinimidyl-3-(2-pyridyidithiol) propionate (SPDP), iminothiolane (IT), bifunctional
derivatives of imidoesters (such as dimethyl adipimidate HCL), active esters (such as disuccinimidyl
suberate), aldehydes (such as glutareldehyde), bis-azido compounds (such as bis(p-azidobenzoyl)
hexanediamine), bis-diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine),
diisocyanates (such astolyene 2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5-
difluoro-2,4-dinitrobenzene).

[00128] Heteroconjugate antibodies are also within the scope of the present invention.
Heteroconjugate antibodies are composed of two covalently joined antibodies. Such antibodies have,
for example, been proposed to:target immune cells to unwanted cells (U.S. Patent No. 4,676.980). It
is contemplated that the antibodies can be prepared in vitro using known methods in synthetic protein

chemistry, including those involving crosslinking agents.
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[00129] In some embodiments, the DLL4 antagohist isanon-protein molecule. In certain
embodiments, the DLL4 antagonist is a small molecule.

[00130] I n vivo and in vitro assays for determining whether an agent isaDLL4 antagonist are known
inthe art. In some embodiments, a cell-based, |uciferase reporter assay utilizing a TCF/Luc reporter
vector containing multiple copies of the TCF-binding domain upstream of afirefly luciferase reporter
gene may be used to measure DLL4-induced Notch signaling levelsin vitro. In other embodiments, a
cell-based, luciferase reporter assay utilizing a CBF/Luc reporter vector containing multiple:copies of
the CBF-binding domain upstream of afirefly luciferase reporter gene may be used. The level of
Notch activation induced by DLL4 in the presence of a DLL4 antagonist is compared to the level of
Noteh activation induced by DLL4 in the absence of the DLL4 antagonist. In some embodiments, the
effect of a DLL4 antagonist on DLL4/Notch signaling can be assessed by measuring the effect of the

agent on:the expression level of one or more Notch pathway target genes.

I1l. Methods of use and pharmaceutical compositions

[00131] The present invention: provides methods of treating diseases such ascancer withaDLL4
antagonist, while-screening for, monitoring, preventing, and/or-controlling side effects and/or
toxicities, -including, but not limited to cardiovascular side effects and/or toxicities.associated with the
DLL4 antagonist. Side effects and/or toxicities associated with cancer treatment may include, but are
not limited to, fatigue, vomiting, nausea, diarrhea, pain, hair loss, neutropenia, anemia,
thrombocytopenia, cardiovascular complications, and any combination thereof. Cardiovascular
complications (e.g., cardiovascular -side effects-and/or toxicities) may be grouped into three main
categories: 1):vascular conditions, 2) cardiac: structural problems, and 3) cardiac. dysfunction arid heart
fallure. Asusedherein, "vascular conditions' include but are not limited to, atherosclerosis,
hypertension, arteria thrombosis, vasculitis, and deep venous thrombosis/pulmonary embolus. As
used herein, "cardiac structura problems" and "cardiac dysfunction and heart failure" include but are
not limited to, valvular heart disease, pericardial effusion, pericardial constriction, angina, coronary
artery disease, cardiomyopathy, myocardia ‘ischemia, myocardial:infarction (M1), arrhythmias,
myocarditis, left ventricular :dysfunction, heart failure, congestive heart:failure (CHF), and
combinations thereof. Cardiac structura :problems, cardiac dysfunction, and heart failure directly
impact the heart, while, generally, vascular conditions (e.g., hypertension) are a more systemic
complication. Asused herein, "cardiotoxicity" refersto cardiac structural problems, cardiac
dysfunction, and heart failure. Thus, in. some aspects and/or-embodiments of the methods described
herein, the:screening for, monitoring, preventing, and/or.controlling.cardiovascular side effects and/or
toxicities:is screening: for, monitoring, preventing, and/or controlling cardiotoxicity. Often
cardiotoxicity ‘isasymptomatic and/or early signs of cardiotoxicity are not evident with, for example,

Doppler -echocardiograms and/or with left ventricular gection fraction (LVEF) monitoring.
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[00132] Natriuretic peptides are produced by the heart and vasculature and include 4 identified types.
A-type natriuretic: peptide (ANP) is secreted largely by the atrial myocardium, B-type natriuretic
peptide (BNP)-is produced mainly by the ventricular myocardium, C-type natriuretic peptide (CNP) is
produced by endothelial cells that line the blood vessels, and D-type natriuretic peptide-has been
isolated in plasma and atrial myocardium. The precursor prohormone of each natriuretic peptide is
encoded by a separate gene. proBNP is a 108 amino acid peptide that is cleaved by the proteolytic
enzyme furin into a 32 amino acid C-terminal peptide (BNP).and a 76 amino acid N-terminal. peptide
(NT-proBNP). proANP isa 126.amino acid peptide that is cleaved by the serine: protease enzyme
corin into a28 amino acid C-termina peptide (ANP) and a98 amino acid N-terminal peptide (NT-
proANP). Increasesin the levels of natriuretic peptides have been-used in the diagnosis of heart
failure. ‘Accordingly, in some.embodiments, the present invention provides methods for using
natriuretic peptide levelsto monitor cardiotoxicity in subjects being treated with a DLL4 antagonist.
In some embodiments, the methods use natriuretic peptide levelsto monitor and/or detect acute
cardiotoxicity. .In some embodiments, monitoringthe level of a natriuretic peptide gives an early
indication of cardiotoxicity and/or congestive heart failure (CHF).. In some embodiments, the
methods detect cardiotoxicity prior to.any evidence of .cardiac dysfunction as evaluated by Doppler
echocardiograms and/or with LV EF-monitoring.

[00133] In certain embodiments, the cardiovascular side effects and/or toxicities'that are detected,
identified, monitored, reduced, prevented, attenuated, and/or screened for are cardiovascular side
effects and/or toxicities caused by, associated with, and/or related to administration of aDLL4
antagonist or treatment with a DLL4 antagonist.: In-certain embodiments, the cardiovascular side
effects and/or toxicities are related-to the DLL4 antagonist.

[00134] In certain embodiments, the cardiovascular side effects.and/or:toxicities (e.g., side effect
and/or toxicity related to treatment with a DLL4 antagonist) that is detected, identified, monitored,
reduced, prevented, attenuated, and/or screened for in.a.method described herein does not include
hypertension. 'In some embodiments the cardiovascular side effect and/or toxicity does not. include a
vascular condition. ‘In.certain embodiments, the cardiovascular side effect and/ortoxicity that:is
detected, identified, monitored, reduced, prevented, attenuated, and/or screened for in a method
described herein is acardiotoxicity such as a cardiac structural problem, cardiac dysfunction, or heart
failure. In certain.embodiments, the cardiotoxicity is left ventricular dysfunction. In certain
embodiments, the cardiotoxicity is congestive heart failure. In some embodiments, the cardiotoxicity
isin.an early or reversible stage of development.

[00135] The invention-provides methods for selecting-a subject for treatment with a DLL4 antagonist,
comprising:: determining the level of ‘abiomarker.in.a sample, and selecting the subject for treatment
with the DLL4 antagonist if the level of the biomarker-is below a predetermined level. ‘In some
embodiments, the methods for selecting a subject for treatment with a DLL4 antagonist, comprise:

obtaining a biological sample from the subject, determining the level of abiomarker in the sample,
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and selecting the subject for treatment with the DLL4 antagonist if the level of the biomarker is below
a predetermined level. In some embodiments, the biomarker isanatriuretic peptide. In some
embodiments, the natriuretic peptide is an atrial natriuretic peptide (ANP)-type peptides, abrain
natriuretic peptide (BNP)-type peptides, or variants thereof. ANP-type peptides include pre-proANP,
proANP, NT-proANP, and ANP. BNP-type peptides include pre-proBNP, proBNP, NT-proBNP, and
BNP. In some embodiments, the natriuretic peptide is BNP. In some embodiments, the natriuretic
peptide isNT-proBNP. In some embodiments, the natriuretic peptide is ANP.

[00136] In some embodiments, the method of selecting a subject for treatment with a DL L4 antagonist
comprises. obtaining abiological: sample from the subject, determining the level of anatriuretic
peptide in the sample, and selecting the subject for treatment with the DLL4 antagonist if the level of
the natriuretic peptide is below a predetermined level. In some embodiments, the biological sampleis
blood, serum, or plasma. In some embodiments, the natriuretic peptide is B-type natriuretic peptide
(BNP). Thus, in'some embodiments, the methods of selecting a subject for treatment with aDLL4
antagonist, comprising: obtaining abiological sample from the subject, determining the level of BNP
in the sample, and selecting the subject for treatment with the DLL4 antagonist if the level of BNP is
below.a predetermined level.

[00137] The invention also provides methods of identifying a subject as eligible for treatment with a
DL L4 antagonist, comprising: determining the:level of abiomarker in a sample, and identifying the
subject as eligible for treatment with the DLL4 antagonist if the level of the biomarker:is below a
predetermined:level. In some embodiments, the methods of identifying-a subject aseligible for
treatment with a DL L4 antagonist comprise: obtaining a biological sample from the subject,
determining the level of abiomarker in the sample, and identifying the subject as eligible for
treatment with the'DLL4 antagonist if the level of the biomarker isbelow a predetermined level. In
some embodiments, the biomarker isanatriuretic peptide. In some embodiments, the natriuretic
peptide isan atria natriuretic peptide (ANP)-type peptides, abrain natriuretic peptide (BNP)-type
peptides, or variants thereof. ANP-type peptides include pre-proANP, proANP, NT-proANP, and
ANP. BNP-type peptides include pre-proBNP, proBNP, NT-proBNP, and BNP. In some
embodiments, the natriuretic peptide is BNP. In some embodiments, the natriuretic. peptide is NT-
proBNP. In some embodiments, the methods of identifying a subject as eligible for treatment with a
DL L4 antagonist comprise: obtaining abiological: sample from the subject, determining the level of
BNP in the sample, and identifying the subject as eligible for treatment with the DLL4 antagonist if
the level of BNP isbelow apredetermined level.

[00138] The invention also provides methods of monitoring a-subject receiving treatment with aDLL4
antagonist for the development of cardiovascular side effects and/or toxicity, comprising: determining
the level of abiomarker in a sample, and comparing the level of the:biomarker in the sampleto a
predetermined: level of the biomarker, wherein an increase in the level of the biomarker-indicates

development of cardiovascular side effects and/or toxicity. In some embodiments, the methods of
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monitoring a subject receiving treatment with a DLL4 antagonist for the development of
cardiovascular side effects and/or toxicity comprise: obtaining abiological sample from the subject
receiving treatment, determining the level of a biomarker in the sample, and comparing the level of
the biomarker inthe sample to a predetermined: level of the biomarker, wherein an increase in the
level of the biomarker indicates development of cardiovascular side effects and/or toxicity. In some

embodiments, the cardiovascular side effect and/or toxicity is cardiotoxicity. In.some embodiments,

the biomarker is a natriuretic peptide. 1n some embodiments, the natriuretic peptide is an atrial

natriuretic peptide (ANP)-type.peptides, abrain natriuretic peptide (BNP)-type peptides, or variants
thereof. ANP-type peptides include-pre-proANP, proANP, NT-proANP, and ANP. BNP-type
peptides include pre-proBNP, proBNP, NT-proBNP, and BNP. In some embodiments, the natriuretic
peptide is BNP. In some embodiments, the natriuretic peptide isNT-proBNP. iz some embodiments,
the natriuretic peptide is ANP. Irs some embodiments, a method of monitoring a subject receiving
treatment with a DLL4 antagonist for the development of cardiotoxicity, comprises. obtaining a
biological sample from the subject receiving treatment. determining the level of BNP in the sample,
and comparing the level of BNP in the sample to a predetermined level of BNP, wherein an increase
in the level of BNP-indicates development of cardiotoxicity.

[0813%} The invention also provides methods of detecting the development of ‘cardiovascular side
effects and/or toxicity in a subject.receiving treatment with a DLL4 antagonist, comprising:
determining the level of abiomarker in a sample, and comparing the level of a biomarker in the
sampleto a predetermined level of the biomarker, wherein an increasein the level of the biomarker
indicates development of cardiovascular side effects and/or toxicity.: In:some embodiments, the
methods of detecting the development of cardiovascular side effects and/or toxicity in a subject
receiving treatment with a DLL4 antagonist comprise:. obtaining abiological sample from the subject
receiving treatment, determining the level of a biomarker inthe sample, and comparing:the level.of a
biomarker in the sample to a predetermined level of the biomarker, wherein an-increase in the level of
the biomarker indicates development of cardiovascular side effects and/or toxicity. in some
embodiments, the cardiovascular side effect and/or toxiciy- is cardiotoxicity. in some embodiments,
the 'biomarker is a natriuretic: peptide. In.some embodiments, ‘the natriuretic peptide isan atrial
natriuretic peptide (ANP)-type peptides, abrain natriuretic peptide (BNP)-type peptides, or variants
thereof. ANP-type peptides include pre-proANP,. proANP, NT-proANP, and ANP. BNP-type
peptides include pre-proBNP, .proBNP, NT-proBNP, and BNP. insome embodiments, the natriuretic
peptide is BNP. In:some embodiments, the natriuretic peptide isNT-proBNP. In some embodiments,
the natriuretic. peptide is ANP.. In some:embodiments, the methods of detecting:the development of
cardiotoxicity in a subject receiving treatment with a DLL4 antagonist comprise: obtaining a
biological sample from the subject receiving treatment, determining the level of BNP inthe sample,
and-comparing the level of BNP in the sampleto a predetermined level of BNP, wherein an increase

in the level of BNP indicates development of cardiotoxicity.
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[00140] The invention also provides methods for identifying cardiovascular side effects and/or
toxicity in a subject receiving treatment with a DLL4 antagonist, comprising: determining the level of
abiomarker in a sample, and comparing the level of the biomarker in the sample to apredetermined
level of the biomarker, wherein if the level of the biomarker in the sample is higher than the
predetermined level of the biomarker then a cardiovascular side effect and/or toxicity isindicated. In
some embodiments, the methods for identifying cardiovascular side effects and/or toxicity in a subject
receiving treatment with a DLL4 antagonist comprise: abtaining a biological sample from the subject
receiving treatment, determining thelevel of abiomarker in the sample, and comparing the level of
the biomarker in the sample to apredetermined level of the biomarker, wherein if the level of the
biomarker in the sample is higher than the predetermined level of the biomarker then a cardiovascular
side effect and/or toxicity isindicated. In some embodiments, the cardiovascular side effect and/or
toxicity is cardiotoxicity. In some embodiments, the biomarker is anatriuretic peptide. In some
embodiments, the natriuretic peptide is an atria natriuretic peptide (ANP)-type peptides, abrain
natriuretic peptide (BNP)-type peptides, or variants thereof  ANP-type peptides include pre-proANP,
proANP, NT-proANP, and ANP. BNP-type peptides include pre-proBNP, proBNP, NT-proBNP, and
BNP.. In.some embodiments, the natriuretic peptide is BNP. In'some embodiments, the natriuretic
peptide isNT-proBNP. In some embodiments, the natriuretic peptide is ANP. In some embodiments,
amethod for identifying cardiotoxicity in a subject receiving treatment with a DLL4 antagonist
comprises. obtaining abiological -sample from the subject receiving treatment, determiningthe level
of BNP in the sample, and comparing the level of BNP in the sample to a predetermined level of
BNP, wherein if the level of BNP in the sample is higher than the predetermined level of BNP then
cardiotoxicity isindicated.

[00141] The invention also-provides methods for monitoring cardiovascular side effects and/or
toxicity in a subject receiving treatment with a DLL4 antagonist, comprising: :determining the level-of
abiomarker in a sample, and comparing:the level of the biomarker in the sample to a predetermined
level of the biomarker, wherein if the level of the biomarker in the sample ishigher than the
predetermined level of the biomarker then cardiovascular side effects and/or toxicity isindicated. In
some embodiments,. the methods for monitoring .cardiovascular side effects and/or toxicity in a subject
receiving treatment with a DL L4 antagonist.comprise: .obtaining abiological sample from the subject
receiving treatment, determining the level of a biomarker in the sample, and comparing the level of
the biomarker in the sample to a predetermined level of the biomarker, wherein if the level of the
biomarker in the sampleis higher than the predetermined level of the biomarker then cardiovascular
side effects.and/or toxicity isindicated. In some embodiments, the cardiovascular:side effect-and/or
toxicity is cardiotoxicity. In some embodiments, the biomarker isanatriuretic peptide. In some
embodiments, the natriuretic peptide is an atrial natriuretic peptide (ANP)-type peptides, abrain
natriuretic peptide (BNP)-type peptides, or variants thereof. ANP-type peptides include pre-proANP,
proANP, NT-proANP, and ANP. BNP-type peptides include pre-proBNP, proBNP, NT-proBNP, and
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BNP. In some embodiments, the natriuretic peptide is BNP. In some embodiments, the natriuretic
peptide isNT-proBNP. 1n some embodiments, the natriuretic peptide is ANP. In some embodiments,
amethod for monitoring cardiotoxicity in asubject receiving treatment with aDL L4 antagonist
comprises: obtaining abiological sample from the subject receiving treatment, determining the level
of BNP in the sample, and comparing the level of BNP in the sample to a predetermined level of
BNP, wherein if the level of BNP in the sample is higher than the predetermined level of BNP then
cardiotoxicity is indicated.

[00142] The invention also provides methods of reducing cardiovascular side effects and/or toxicity in
a subject receiving treatment with a DLL4 antagonist, comprising: determining the level of a
biomarker in a sample from the subject, comparing the level of the biomarker in the sampleto a
predetermined level of the biomarker, and administering to the subject atherapeutically effective
amount of a cardioprotective medication such as an ACE inhibitor and/or a B-blocker if the level of
the biomarker in the sample is higher than the predetermined level of the biomarker. In some
embodiments, the methods of reducing cardiovascular side effects and/or toxicity in a subject
receiving treatment with a DLL4 antagonist comprise: obtaining a biological sample from the subject
receiving treatment, determining the level of a biomarker in the:sample, comparing the level of the
biomarker in the sample to a predetermined level: of the biomarker, and administering to the subject a
therapeutically effective amount of a cardioprotective medication such as an ACE inhibitor and/or a
B-blocker if the level of the biomarker in the sample.is higher than the predetermined level of the
biomarker. 1n some embodiments, the cardiovascular side effect and/or toxicity is cardiotoxicity. In
some embodiments, the biomarker. is a natriuretic peptide. In some embodiments, the natriuretic
peptide isan atrial natriuretic peptide (ANP)-type peptides, abrain:natriuretic peptide (BNP)-type
peptides, or variants thereof. ANE-type peptides include pre-proANP, proANP, NT-proANP, and
ANP. BNP-type peptides include pre-proBNP, proBNP, NT-proBNP, and BNP. In some
embodiments, the natriuretic peptide is BNP. In some embodiments, the natriuretic peptide isNT-
proBNP. In-some embodiments, the natriuretic peptide is ANP. In some embodiments, a method for
reducing cardiotoxicity in a subject receiving treatment with aDLL4 antagonist comprises: obtaining
abiological sample from the subject receiving treatment, determining the level of BNP in the sample,
and comparing the level of BNP in the sample to a predetermined level of BNP, and administering to
the subject atherapeutically effective amount of a cardioprotective medication such asan ACE
inhibitor-and/or-a B-blocker if the level of BNP in the sample is higher than the predetermined level of
BNP.

[00143] The invention also provides methods of preventing or attenuating the development of
cardiovascular side effects and/or toxicity in a subject receiving treatment with a DLL4 antagonist,
comprising:. determining the level: of abiomarker-in.a sample from the subject, comparing the level of
the biomarker in the sampleto a predetermined level of the biomarker; administering to the subject a

therapeutically effective amount of a cardioprotective medication such as an ACE inhibitor and/or a
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B-blocker, and administering to the subject the DLL4 antagonist. In some embodiments, the methods
of preventing or attenuating the development of cardiovascular side effects and/or toxicity in a subject
receiving treatment with aDLL4 antagonist comprise: obtaining abiological sample from the subject
prior to treatment with the DLL4 antagonist, determining the level of abiomarker inthe sample,
comparing the level of the biomarker inthe sample to a predetermined level of the biomarker;
administering to the subject atherapeutically effective-amount of a cardioprotective medication such
as an ACE inhibitor ‘and/or a B-blocker, and.administering to the subject the DLL4 antagonist. In
some embodiments, - the cardiovascular side effect and/or toxicity is cardiotoxicity. In some
embodiments, the biomarker is a natriuretic peptide. I1n some embodiments, the natriuretic peptide is
an atrial natriuretic peptide (ANP)-type peptides, abrain natriuretic peptide :(BNP)-type peptides, or
variants thereof. ANP-type peptides include pre-proANP, proANP, NT-pro ANP, and' ANP. BNP-
type peptides include pre-proBNP, proBNP, NT-proBNP, and BNP. In some embodiments, the
natriuretic peptide is BNP. 1n some embodiments, the natriuretic peptide isNT-proBNP. In some
embodiments, the natriuretic peptide is ANP. In some embodiments, amethod of preventing or
attenuating the development of cardiotoxicity in asubject receiving treatment with-a DLL4 antagonist
comprises. obtaining ahiologica sample from the: subject prior to treatment with the DLL4
antagonist, determining the level of BNP: in-the sample, comparing the level:of BNP:in.the:sample to a
predetermined level-of BNP; administering to the subject a therapeutically effective amount .of a
cardioprotective medication such:-asan:ACE inhibitor .and/or :a B-blocker if the level of BNP inthe
sample ishigher than the predetermined level of BNP; and administering -tothe subject the DLL4
antagonist.

[00144] In some embodiments of the methods described herein, the predetermined level is about
300pg/ml or less'in ablood, serum, or plasma sample. In some embodiments, the predetermined level
isabout 200pg/ml or lessinablood, serum, or plasma sample. In some embodiments, the
predetermined level is about 250pg/ml orless in ablood, serum, or plasma sample. In some
embodiments, the predetermined level is about:200pg/ml or less.in ablood, serum, or plasma sample.
In some embodiments, the predetermined ‘level isabout: 150pg/ml or less in ablood, serum, or plasma
sample. In some embodiments, the predetermined level is about 100pg/ml or lessin ablood, serum,
or plasma sample. In the context of predetermined :levels of BNP, the term "about" means the
referenced amount plus.or-minus 10% of that referenced amount.

[00145] In some embodiments, ‘the predetermined level of abiomarker (e.g., natriuretic peptide or
BNP) isthe amount of the biomarker in.a sample obtained at:an earlier date. In some embodiments,
the predetermined level of abiomarker (e.g., natriuretic -peptide or BNP) -isthe amount: of the
biomarker in.a sample obtained prior to treatment. In some embodiments, the predetermined “level of
a biomarker (e.g., natriuretic peptide or BNP):is:anormal reference level. In.some embodiments, the

predetermined level for BNP is about 100pg/ml or-less in blood, serum, or plasma. In some
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embodiments, the normal reference level for BNP .is about 100pg/ml or less in blood, serum, or
plasma.

[00146] In any of the methods described herein, abiological sample isobtained approximately every
week, every 2 weeks, every 3 weeks, or every 4 weeks.

[00147]:-In some embodiments, if the BNP level inthe sample isabove a predetermined level for two
consecutive samples, the subject is administered atherapeutically effective amount of a
cardioprotective medication such as an' ACE inhibitor and/or a -blocker. In some embodiments, if
the BNP level in the biological sample is above 100pg/ml for two consecutive  samples, the subject is
administered -a therapeutically effective amount of a cardioprotective medication such asan ACE
inhibitor .and/or a B-blocker. In some embodiments -of the methods. described herein, if the BNP level
in the biological sample is above a predetermined level for any one sample, the subject is
administered . atherapeutically effective amount :of a cardioprotective ‘medication such asan ACE
inhibitor and/or a B-blocker. In some embodiments of the methods described herein, if the BNP level
in the biological sample isabove 200pg/ml for any one sample, the subject isadministered a
therapeutically - effective.amount of a cardioprotective medication such asan ACE inhibitor and/or a
B-blocker. ‘In some embodiments - of the methods described herein, if the BNP level in the biological
sample is.above a predetermined level for any one sample, the subject isadministered a
therapeutically effective amount of a cardioprotective medication -such as an ACE inhibitor -and/or a
B-blocker :andthe DLL4 antagonist iswithheld. In some embodiments  of the methods :described
herein, if the BNP level in the biological sample isiabove 300pg/ml for any one sample, the subject is
administered atherapeutically effective-amount of a cardioprotective medication -such asan:ACE
inhibitor :and/or a B-blocker andthe-DLL4 antagonist iswithheld. In some embodiments, if the BNP
level decreases to below 200pg/ml -after administration of an ACE inhibitor and/or a [3-blocker, then
administration of the DLL4 antagonist 'is resumed.

[00148] In-some:-embodiments - of ‘any of the methods: described :herein, :the subjects are evaluated by
LVEF monitoring. The LVEF represents the volumetric fraction of blood pumped out of the left
ventricle of the heart with-each heart’beat or cardiac cycle. Generally anormal.range for LVEF is55-
70%, and.a significantly -reduced gection fraction typically .indicates a cardiac ‘dysfunction and/or
heart ‘failure. In some embodiments, cardiovascular .dysfunction and/or cardiotoxicity isindicated if
the LVEF is less than.about 60%. In-some embodiments, cardiovascular dysfunction and/or
cardiotoxicity ‘is indicated‘if the LVEF isless.than-about-55%. In some embodiments, -cardiovascular
dysfunction :and/or ‘cardiotoxicity ‘isindicated if the LVEF isless:than about 50%. In some
embodiments, cardiovascular dysfunction and/or cardiotoxicity isindicated if there isa 10% or
greater decline in LVEF. In some embodiments,: cardiovascular dysfunction and/or cardiotoxicity is
indicated if there isa20% or greater ‘decline in:LVEF.. In some embodiments, cardiovascular

dysfunction and/or cardiotoxicity isindicated if there isa20% or greater decline in LVEFto avalue
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greater than 50%. In some embodiments, cardiovascular dysfunction and/or cardiotoxicity is
indicated if there isa 10% or greater decline in LVEF to avalue less than 50%.

[00149] In some embodiments of any of the methods described herein, the subjects are evaluated
using a Doppler echocardiogram. Doppler echocardiography is a method for detecting the direction
and velocity -of moving-blood within the heart and can be used to detect:pulmonary hypertension.
Pulmonary hypertension is high blood pressure that occurs in the arteries in the lungs. It isadifferent
measurement altogether from systemic blood pressure and what is generally called "high blood
pressure” or "hypertension”. In some embodiments, cardiovascular dysfunction and/or cardiotoxicity
isindicated if the subject has a peak tricuspid velocity (PTV) greater than 3.4m/s on Doppler
echocardiogram. In some embodiments, cardiovascular dysfunction and/or-cardiotoxicity isindicated
if the subject has apeak tricuspid velocity (PTV) greater than 3.4m/s on Doppler echocardiogram that
persists for more than 4 weeks. In some embodiments, cardiovascular dysfunction and/or
cardiotoxicity isindicated if the subject has a peak tricuspid velocity (PTV) greater than 3.4m/s on
Doppler echocardiogram that persists for more than 8 weeks.

[00150] The invention also provides methods of ameliorating cardiotoxicity in a subject administered
aDLL4 antagonist, comprising: administering to the subject atherapeutically effective amount:of a
cardioprotective medication such asan ACE inhibitor and/or a3-blocker. Asdescribed herein, the
cardiotoxicity isnot systemic hypertension (i.e., high blood pressure).

[00151] The invention also provides methods of screening a subject for the risk of cardiovascular side
effects and/or toxicity from treatment with a DL L4 antagonist, comprising: determining the level of a
biomarker in a sample from the subject, and comparing the level of the biomarker in the sampleto a
predetermined level of the biomarker, wherein if the level of the biomarker inthe sample ishigher
than the predetermined level of the biomarker then the subject is at risk for cardiovascular side effects
and/or toxicity. In some embodiments, the methods of screening a subject for therisk of
cardiovascular side effects and/or toxicity from treatment with a DL L4 antagonist comprise: obtaining
abiologica sample from the subject prior to treatment with the DLL4 antagonist, determining the
level of abiomarker inthe sample, and comparing thelevel of the biomarker inthe ssmpleto a
predetermined level of the biomarker, wherein if the level of the biomarker in the sample ishigher
than the predetermined level of the biomarker then the subject is at risk for cardiovascular side effects
and/or toxicity. In some embodiments, the cardiovascular side effect and/or toxicity is cardiotoxicity.
In some embodiments, the biomarker is anatriuretic peptide. 1n some embodiments, the natriuretic
peptide is:an atria natriuretic peptide (ANP)-type peptides,.a brain natriuretic peptide (BNP)-type
peptides, orvariantsthereof. ANP-type peptidesinclude pre-proANP, proANP, NT-proANP, and
ANP. BNP-type peptides include pre-proBNP, proBNP, NT-proBNP, and BNP. In some
embodiments,.the natriuretic peptide is. BNP. In.some embodiments, the natriuretic peptide isNT-
proBNP. In some embodiments, the natriuretic peptide is ANP. In some embodiments, a method of

screening a subject for the risk.of cardiotoxicity from treatment with a DLL4 antagonist comprises:
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obtaining -abiological sample from the subject prior to treatment with the DLL4 antagonist,
determining the level of BNP in the sample, and comparing the level of BNP in the sampleto a
predetermined - level of BNP, wherein if the level of BNP in the sample is higher than the
predetermined level. of BNP then the subject isat risk for cardiotoxicity. In some embodiments, the
predetermined :level-of BNP is about 100pg/ml.  In. some embodiments, if the subject:is at-risk for
cardiotoxicity, the subject is administered atherapeutically - effective amount of a cardioprotective
medication such.asan ACE inhibitor and/or a 3-blocker prior to treatment with the DLL4 antagonist.
[00152] In some embodiments of the methods described herein, the ACE inhibitor is selected from the
group.consisting of: captopril, zofenopril, enalapril, ramipril, quinapril, perindopril, lisinopril,
benazepril, fosinopril, ceronapril, casokinins, lactokinins, teprotide, alacepril, cilazapril, delapril,
imidapril, .moexipril, .rentiapril,..spirapril, temocapril, moveltipril, and trandolapril.

[00153] In some embodiments of the methods described herein, the B-blocker is selected from the
group consisting of: carvedilol, atenolol, metoprolol, nadolol, oxprenolol, pindolal,. propranolal,
timolol, acebutolol, bisoprolol, esmolal, labetalol,bucindolol, nebivolol, aprenolol; amosulalal,
arotinolol, befunolol, betaxolol, bevantolot, bopindolol, bucumolol, bufetolol, bufuraol, bunitrolol,
bupranolol, butidrine hydrochloride, butofilolol, carazolol, carteolol, celiprolol, cetamolol,
cloranololdilevalal, .epanolol, indenolol, levobunolol, mepindolol, metipranolol, moprolol, nadoxolal,
nipradilol, penbutolol, practolol, pronethalol, sotalol, sulfinalol, talinolol, tertatolal,. tilisolol,
toliprolal, -and xibenolol. In some embodiments, the B-blocker:iscarvedilal.

[00154].In any of the methods described herein, the DLL4 antagonist specifically binds human DLL4.
In some embodiments, the DLL4 antagonist is an antibody that specifically bindsthe extracellular
domain of human DLL4. In some embodiments, the DLL4 antagonist specifically binds-an epitope
within amino -acids 27-217 of the extracellular domain of human DLL4 (SEQ ID NO: 17). In some
embodiments, the DLL4 antagonist binds an:epitope comprising-amino.acids 66-73 (QAWSPGP,
SEQ ID NO: 18) of human DLL4. In.some.embodiments,.the DLL4 antagonist 'binds an.epitope
comprising amino acids 139-146 (LISKIAIQ, SEQ ID NO:19) of human.DLL4. In.some
embodiments, the DLL4 antagonist binds an epitope comprising amino acids 66-73. (QAWSPGP,
SEQ:ID:NO: 18) and amino acids 139-146 (LISKIAIQ, SEQ ID.NO: 19).of human DLL4. In some
embodiments, the DLL4 antagonist binds human DLL4 with adissociation constant (Kp) of about
IOnNM to about 0.1nM.

[00155] In certain embodiments, the DLL4 antagonist isan.anti-DLL4 antibody. In certain
embodiments, the DLL4 antagonist is an:antibody -comprising.a heavy chain CDR1 comprising
TAYYIH (SEQ ID NQ:l), aheavy chain CDR2 comprising YISSYNGATNYNQKFKG (SEQ ID
NO:3), and.a heavy chain.CDR3 comprising RDYDYDVGMDY :(SEQ ID:NO:5), and:alight chain
CDR1.comprising:RASESVDNY GISFMK (SEQ ID:\ O :6), alight:chain CDR2-comprising
AASNQGS (SEQ ID NO:7), and:alight chain CDR3 comprising: QQSKEVPWTFGG (SEQ 1D

NO: 8). In certain embodiments, the DLL4 antagonist is an antibody -comprising aheavy chain
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variable region comprising the amino acids of SEQ ID NO: 10. In certain embodiments, the DLL4
antagonist isan antibody which further comprises a light chain variable region comprising the amino
acids of SEQ ID NO: 12. In certain embodiments, the DLL4 antagonist comprises the same heavy and
light chain amino acid sequences as an antibody encoded by a plasmid deposited with ATCC having
deposit no. PTA-8425 or PTA-8427. |n certain embodiments, the DLL4 antagonist comprises the
heavy chain CDR amino acid. sequences and the light chain CDR amino acid sequences that are
contained in the 21M | 8 antibody produced by the hybridoma deposited with ATCC having deposit
no. PTA-8670. In certain embodiments, the DLL4 antagonist is encoded by the plasmid having
ATCC deposit no. PTA-8425 which was deposited with American Type Culture Collection (ATCC),
at 10801 University Boulevard, Manassas, VA, 20110, under the conditions of the Budapest Treaty on
May 10, 2007. In certain embodiments, the DLL4 antagonist is encoded by the plasmid having
ATCC deposit no. PTA-8427 which was deposited with American Type Culture Collection (ATCC),
at 10801 University Boulevard, Manassas, VA, 201 10, under the conditions of the Budapest Treaty on
May 10, 2007. In some embodiments, the DLL4 antagonist isthe antibody produced by the
hybridoma having ATCC deposit no. PTA-8670 which was deposited with the ATCC under the
conditions of the Budapest Treaty on September 28, 2007. In some embodiments, the DLL4
antagonist -is a humanized version-of the antibody produced by the hybridoma having ATCC deposit
no. PTA-8670. - In certain-embodiments, the DLL4 antagonist competes for specific binding to human
DLL4 with an antibody encoded by the plasmid deposited with ATCC having deposit no. PTA-8425
or PTA-8427.

[00156] In some embodiments, the subject has cancer. In some embodiments, the cancer is selected
from:the:group consisting of: lung cancer, breast cancer, colon cancer, colorectal cancer, melanoma,
pancreatic: cancer, gastrointestinal cancer, renal cancer, ovarian cancer, liver cancer, endometrial
cancer, kidney cancer, prostate cancer, thyroid cancer, neuroendocrine cancer, neuroblastoma, glioma,
glioblastoma multiforme, cervical cancer, stomach cancer, bladder cancer, hepatoma, and head and
neck cancer. In certain embodiments, the cancer is ahematological cancer, such as alymphoma or
leukemia. In certain embodiments, the cancer is non-small cell lung cancer (NSCLC). In certain
embodiments, the cancer is ovarian cancer. In certain embodiments, the cancer-is pancreatic cancer.
[00157] In. some embodiments, the biological sample is.abody fluid. In some.embodiments, the
biological sample isblood, plasma, serum, or urine. In some embodiments, the biological sample is a
venous whole blood specimen. In some embodiments, the biological sample is avenous whole blood
specimen using EDTA as an anticoagulant. In some embodiments, the biological sample is a plasma
specimen. In some embodiments, the biological: sampleis a plasma specimen-using EDTA asan
anticoagulant. Samples.of body fluids:may be obtained by:any method known in the art. ‘In some
embodiments, the biological sample is afrozen tissue sample or:isfresh tissue sample.

[00158] Assays for measuring or determining the level of a natriuretic: peptide (e.g., NT-proBNP or

BNP) .in a sample are known to those of skilled in the art. For example, in some embodiments a
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fluorescent immunoassay that quantitatively measures BNP levels in whole blood or plasma
specimens is used. In some embodiments, the sample contains EDTA as an anticoagulant. In some
embodiments, the test is performed at the bedside. In some embodiments, a sample isplaced in atest
device and the sample moves by capillary action into areaction chamber - containing -murine
fluorescent -antibodies to BNP. The reaction .mixture then flows through -an elution column. Analyte
and fluorescent antibody-BNP conjugates are captured in discrete zones aong the column. Bound
fluorescent material represents the serum BNP concentration. After about 15 minutes, the test device
is placed in an immunofluorescence reader and the BNP concentration isdetermined. BNP levels less
than: or equal to 100pg/ml are considered representative of normal values in patients without
congestive heart failure (CHF) by those skilled in the art. BNP levels above 100pg/ml to 300ug/ml
are suggestive of heart failure, BNP levels above 300pg/ml indicate mild heart failure, BNP levels
above 600pg/ml indicate moderate heart failure, and BNP levels above 900pg/ml -indicate severe heart
failure.

[00159] 1n some embodiments, the DLL4 antagonist isadministered asan initial dose of about
2.5mg/kg. For example, antibody OMP-2 1M1 8 is diluted with 5% dextrose in water (USP) to atotal
volume of 250mL. The OMP-21M18 isdelivered through -a 0.22-micron filter over 30 minutes as an
intravenous infusion. In some embodiments, subsequent doses are administered in a similar manner.
[00160] In another aspect of the invention, the methods described herein may further comprise
administering one or more additional therapeutic agents. An additional therapeutic agent can be
administered prior to, concurrently with, and/or subsequently to, administration of the DLL4
antagonist. Pharmaceutical compositions comprising a DLL4 antagonist :and an additiona therapeutic
agent(s) are also provided. In some embodiments, the one or more additional therapeutic agents
comprise 1, 2, 3, or more additional therapeutic agents.

[00161] Combination therapy with at least two therapeutic agents often uses agents that work: by
different mechanisms of action, although this isnot required. Combination therapy using agents with
different mechanisms of action may result ‘in additive ‘or synergetic effects. Combination therapy may
allow for alower dose of each agent than is used in monotherapy, thereby reducing side effects and/or
toxicities. Combination therapy may increase the therapeutic index of one or both of the therapeutic
agents. Combination therapy may decrease the likelihood that resistant cancer cells will develop. In
some embodiments, combination therapy comprises atherapeutic agent that primarily affects (e.g.,
inhibits or kills) non-tumorigenic cells and atherapeutic agent that primarily affects (e.g., inhibits or
kills) tumorigenic CSCs.

[00162] It will be appreciated that the combination of aDL L4Vantagonist and an additional therapeutic
agent may be administered -in any order or-concurrently. In some:embodiments, the DLL4 .antagonist
isadministered to subjects that have previously undergone treatment with a second therapeutic - agent.
In certain other embodiments, the DLL4 antagonist and a'second therapeutic agent is administered

substantially simultaneously - or concurrently. For example, a subject may be given a DLL4 antagonist
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(e.g., an antibody) while undergoing a course of treatment with a second therapeutic agent (e.g.,
chemotherapy). In certain embodiments, a DLL4 antagonist is administered within 1year of the
treatment with a second therapeutic agent. In certain alternative embodiments, a DLL4 antagonist is
administered within 10, 8, 6, 4, or 2 months of any treatment with a second therapeutic agent. In
certain other embodiments, a DLL4 antagonist is administered within 4, 3, 2, or 1weeks of any
treatment with a second therapeutic agent. In some embodiments, a DLL4 antagonist is administered
within 5, 4, 3, 2, or 1days of any treatment with:a second therapeutic agent. It will further be
appreciated that the.two (or more) agents or treatments may be administered to the subject within a
matter of hours or minutes (i.e., substantially simultaneously).

[00163] Asisknown tothose of skill in the art, administration of any therapeutic agent may lead to
side effects:and/or toxicities. In some cases, the side effects and/or:toxicities are so severe asto
preclude administration. of the particular agent a atherapeutically effective dose. In some cases, drug
therapy must be discontinued, and other agents may betried. However, many agents in the same
therapeutic class often display similar side effects and/or toxicities, meaning that the subject either has
to stop therapy, or if possible, suffer from the unpleasant side effects associated with the therapeutic
agent.

[00164] Side effects from:therapeutic agents may include, but-are not limited:to, hives, skin rashes,
itching, nausea, vomiting, decreased appetite, diarrhea, chills, fever, fatigue, muscle aches and pain,
headaches, low blood pressure, high blood pressure, hypokalemia, 1ow blood counts, bleeding, and
cardiac problems.

[00165] Thus, in some embodiments, the methods described herein include using an: intermittent
dosing regimen, which may reduce side effects and/or toxicities associated with administration of a
DLL4 antagonist. As used herein, "intermittent dosing" refersto a dosing regimen using adosing
interval of more than once aweek, e.g., dosing once every 2 weeks, once every 3 weeks, once every 4
weeks, etc. In some embodiments, amethod for treating a subject comprises administering to the
subject an effective dose of a DLL4 antagonist (e.g.,.an anti-DLL4 antibody) according.to an
intermittent dosing regimen. - In some embodiments, the method comprises administering to the
subject an effective dose of a DLL4 antagonist (e.g., an anti-DLL4 antibody) according to an
intermittent dosing regimen, and increasing the therapeutic index of the DLL4 antagonist. In some
embodiments, the intermittent dosing regimen comprises administering an initial dose of aDLL4
antagonist to the subject, and administering subsequent doses of the DL L4 antagonist about once
every 2 weeks. In.some embodiments, the intermittent dosing regimen comprises administering. an
initial dose of aDLL4 antagonist to the subject, and administering subsequent doses of the DLL4
antagoni st -about-once every 3 weeks. In-some embodiments, the:intermittent dosing regimen
comprises administering -an-initial:dose of a DLL4 antagonist to the subject,-and administering

subsequent-doses of the DL L4 antagonist about-once every-4 weeks.
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[00166] In some embodiments, the subsequent doses in an intermittent dosing regimen are about the
same amount or lessthan the initial dose. In other embodiments, the subsequent doses are a greater
amount than the initial dose. Asisknown by those of skill in the art, doses used will vary depending
on the clinical goalsto be achieved. In some embodiments, the initial dose is about 0.25mg/kg to
about 20mg/kg. In some embodiments, the initial dose isabout 0.25, 0.5, 1, 2, 3,4,5,6,7, 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, or 20mg/kg. In certain embodiments, the initial dose is about
0.5mg/kg. In certain embodiments, the initial dose is about Img/kg. In certain:embodiments, the
initial doseisabout 2.5mg/kg. In certain embodiments, the.initial dose is about 5mg/kg. In certain
embodiments, the initial dose‘is about 7.5mg/kg. In certain .embodiments, the initial dose is about
IOmg/kg. In certain embodiments, the initia dose is about 12.5mg/kg. In-certain embodiments, the
initial. dose is about 15mg/kg. In.certain embodiments, the initial dose is about 20mg/kg. In some
embodiments, the subsequent doses are about 0.25mg/kg.to about 15mg/kg. In certain embodiments,
the subsequent doses are about 0.5, 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14 or 15mg/kg. In certain
embodiments, the subsequent doses are about 0.5mg/kg. In certain embodiments, the subsequent
doses are about Img/kg. In certain embodiments, the subsequent doses are about 2.5mg/kg.. In
certain embodiments, the subsequent doses are about 5mg/kg. In some embodiments, the subsequent
doses are about 7.5mg/kg. In some embodiments, the subsequent doses are about 10mg/kg. In some
embodiments, .the subsequent doses are about 12.5mg/kg.

[00167] In some embodiments, the intermittent dosing:regimen.comprises. (&) administering to the
subject an initial dose of aDLL4 antagonist of about 2.5mg/kg and (b) administering subsequent
doses of about 2.5 mg/kg:once every 2 weeks. In some embodiments, the intermittent dosing regimen
comprises: (a) administering:to the subject an initial' dose of a DLL4-antagonist of about: 5mg/kg and
(b) administering subsequent doses of -about 5 mg/kg-once every 2 weeks. In some embodiments, the
intermittent dosing regimen comprises. (a) administering to the subject an initial dose of aDLL4
antagonist of about 2.5mg/kg-and (b) administering subsequent doses of about 2.5 mg/kg once every 3
weeks. In:some embodiments, the intermittent dosing-regimen comprises: (a) administering tothe
subject an initial dose of aDLL4 antagonist of about 5mg/kg and (b) administering subsequent doses
of about 5 mg/kg once every 3 weeks. In some embodiments, the intermittent dosing regimen
comprises: (a) administering to.the subject an initial dose of a DLL4 antagonist of about 2.5mg/kg and
(b) administering - subsequent doses of about 2.5 mg/kg-once every 4 weeks. In.some embodiments,
the intermittent dosing regimen comprises: (@) administering to the subject an initial dose of aDLL4
antagonist of about 5Smg/kg and (b) administering subsequent doses of about 5 mg/kg once every 4
weeks. In certain embodiments, the.initial: dose and the maintenance doses are different, for example,
the initial dose is about:5mg/kg and the:subsequent doses are about 2.5mg/kg. In certain
embodiments, an intermittent dosing regimen may comprise a loading dose, for example, the initial
dose is about 20mg/kg and the subsequent doses are about 2.5mg/kg or.about 5mg/kg:administered

once every 2 weeks, once every 3 weeks, or once every 4 weeks.
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[00168] In some embodiments, the dosing regimen may be limited to a specific number of
administrations or "cycles'. In some embodiments, OMP-21M 18 is administered for 3, 4, 5, 6, 7, 8,
or more cycles. For example, OMP-21M 18 may be administered every 2 weeks for 6 cycles, OMP-

2 1M1 8 may be administered every 4 weeks for 6 cycles, OMP-21M 18 may be administered every 2
weeks for 4 cycles, OMP-2 1M 18 may be administered every 4 weeks for 4 cycles, etc. Dosing
schedules can be decided upon and subsequently modified by those skilled in the art.

[00169] Ancther aspect of the present invention-isdirected to methods for reducing toxicity of aDLL4
antagonist in a human subject comprises administering to the subject the DLL4 antagonist using an
intermittent dosing regimen. Another aspect of the present invention is directed to methods for
reducing side effects of a DLL4 antagonist in a human subject comprises administering to.the subject
the DLL4 antagonist using an intermittent dosing regimen. Another aspect of the present invention is
directed to methods for increasing the therapeutic index of a DL L4 antagonist in a human subject
comprises administering to the subject the DL L4 antagonist using an intermittent dosing regimen.
[00170] The choice of delivery method for the initial and subsequent doses is made according to the
ability of the subject totolerate introduction of the DLL4 antagonist-into the body. Thus, in any of the
aspects.and/or embodiments:described herein, the administration of the DLL4 antagonist may be by
intravenous injection or-intravenously. In some embodiments, the administration is by intravenous
infusion. In any of the aspects and/or embodiments described herein, the administration of the DLL4
antagonist may be by a non-intravenous route.

[00171] Therapeutic agents that may be administered in combination with the DLL4 antagonist
include chemotherapeutic agents.. Thus, in some embodiments, the method or treatment involvesthe
administration of a DLL4 antagonist: of the present invention.in combination with a chemotherapeutic
agent or cocktail of multiple different chemotherapeutic agents. Treatment with a DLL4 antagonist
(e.g., an antibody) can occur prior to, concurrently with, or subsequent to administration of
chemotherapies. Combined administration can include co-administration, either in a single
pharmaceutical formulation or using separate formulations, or consecutive administration in either
order but generally within atime period such that all active agents can exert their biological activities
simultaneously. Preparation and dosing schedules for .such chemotherapeutic agents can be used
according to manufacturers instructions or as determined empirically by the skilled practitioner.
Preparation and dosing schedules for such chemotherapy are also described in The Chemotherapy
Source Book, 4th Edition, 2008, M. C. Perry, Editor, Lippincott, Williams & Wilkins, Philadelphia,
PA.

[00172] Chemotherapeutic agents useful in the instant invention include, but are not limited to,
akylating-agents such:as thiotepa and cyclophosphamide (CY TOXAN); akyl sulfonates such as
busulfan;.improsulfan and piposulfan;: aziridines such as benzodopa, carboguone; meturedopa, and
uredopa; ethylenimines and methylamelamines including atretamine, triethylenemelamine,

trietylenephosphoramide, triethylenethiophosphaoramide.and trimethylolomelamime; nitrogen
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mustards such as chlorambucil, chlornaphazine, cholophosphamide, estramustine, ifosfamide,
mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, hovembichin, phenesterine,
prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine, chlorozotocin,
fotemustine, lomustine, nimustine, ranimustine; antibiotics such as aclacinomysins, actinomycin,
authramycin, azaserine, bleomycins, cactinomycin, calicheamicin, carabicin, caminomycin,
carzinophilin, chromomycins, dactinomycin, daunombicin, detorubicin, 6-diazo-5-oxo-L-norleucine,
doxorubicin, epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins, 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 asancitabine, azacitidine, 6-azauridine, carmofur, cytosine
arabinoside, dideoxyuridine, doxifluridine, enocitabine, floxuridine, 5-FU; androgens such as
calusterone, dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid replenishers such as folinic acid; aceglatone;
aldophosphamide-glycoside;. aminolevulinic acid; amsacrine; bestrabucil; bisantrene; edatraxate;
defofamine; demecolcine; diaziquone; elformithine; elliptinium acetate; etoglucid; gallium nitrate;
hydroxyurea; lentinan; lonidamine; mitoguazone; mitoxantrone; mopidamol; nitracrine; pentostatin;
phenamet; pirarubicin; podophyllinic acid; 2-ethylhydrazide; procarbazine;- PSK; razoxane; sizofuran;
spirogennanium; - tenuazonic-acid; triaziquone; 2,2',2"-trichlorotriethylamine; urethan; vindesineg;
dacarbazine; mannomustine;: mitobronitol; mitolactol; pipobroman;. gacytosine; arabinoside (Ara-C);
taxoids, e.g. paclitaxel (TAXOL) and docetaxel (TAXOTERE); chlorambucil; gemcitabine; 6-
thioguanine; mercaptopurine; platinum analogs such as cisplatin and carboplatin; vinblastine;
platinum; etoposide (VP- 16); ifosfamide; mitomycin C; mitoxantrone; vincristine;- vinorelbine;
navelbine; novantrone;.teniposide; daunomycin;. aminopterin;. ibandronate; CPT1 1; topoisomerase
inhibitor RFS 2000;-difluoromethylornithine (DMFO);. retinoic acid;- esperamicins; capecitabine
(XELODA); and pharmaceutically acceptable salts, acids or derivatives of any of the above.
Chemotherapeutic agents also include anti-hormonal - agents that act to regulate or inhibit hormone
action ontumors such-as anti-estrogens including, for-example, tamoxifen, raloxifene, aromatase
inhibiting 4(5)-imidazoles, 4-hydroxytamoxifen, trioxifene, keoxifene, LY 117018, onapristone, and
toremifene (FARESTON); and anti-androgens such asflutamide, nilutamide, bicalutamide,
leuprolide, and goserelin; and pharmaceutically -acceptable salts, acids or derivatives of any of the
above. In.certain-embodiments, the additional ‘therapeutic agent-is cisplatin. In certain embodiments,
the additional therapeutic agent is carboplatin. In certain-.embodiments, the additional-therapeutic
agent-is:paclitaxel. In certain.embodiments, :wherethe.chemotherapeutic:agent. administered in
combination-with a DLL4 antagonist is carboplatin, the cancer or-tumor being treated is lung cancer

or-alung tumor.
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[00173] In certain embodiments, the chemotherapeutic agent is atopoisomerase - inhibitor.
Topoisomerase inhibitors are chemotherapeutic agents that interfere with the action of a
topoisomerase enzyme (e.g., topoisomerase | or |1). Topoisomerase inhibitors include, but are not
limited to, doxorubicin HC1, daunorubicin citrate, mitoxantrone HC1, actinomycin D, etoposide,
topotecan HC1, teniposide (VM-26), and irinotecan, aswell as pharmaceutically acceptable salts,
acids, or derivatives of any of these. In certain embodiments, the additiona therapeutic agent is
irinotecan.

[00174] In certain embodiments, the chemotherapeutic . agent is an anti-metabolite. An anti-metabolite
isa chemica with a structure that is similar to ametabolite required for normal biochemical reactions,
yet different enough to interfere with one or more normal functions of cells, such as cdl division.
Anti-metabolites include, but are not limited to, gemcitabine, fluorouracil, capecitabine, methotrexate
sodium, ralitrexed, pemetrexed, tegafur, cytosine arabinoside, thioguanine, 5-azacytidine, 6-
mercaptopurine, azathioprine, 6-thioguanine, pentostatin, fludarabine phosphate, and cladribine, as
well as pharmaceutically acceptable salts, acids, or derivatives of any of these. In certain
embodiments, the additional therapeutic agent is gemcitabine. In some embodiments, the additional
therapeutic agent is pemetrexed. In certain embodiments, where the chemotherapeutic .agent
administered in combination with a DLL4 antagonist is gemcitabine, the cancer or tumor being treated
is pancreatic cancer or a pancreatic tumor. In certain embodiments, where the chemotherapeutic agent
administered in combination with a DLL4 antagonist is pemetrexed, the cancer or tumor being treated
is lung cancer or alung tumor. In some embodiments, the DLL4 antagonist isadministered in
combination -with pemetrexed -and carboplatin.

[00175] In certain-embodiments, the chemotherapeutic -agent is an antimitotic agent, including, but not
limited to, agents that bind tubulin. In some embodiments, the agent is ataxane. Incertain
embodiments, the agent is paclitaxel or docetaxel, or apharmaceutically acceptable salt, acid, or
derivative of paclitaxel or docetaxel. In certain embodiments, the agent is paclitaxel (TAXOL),
docetaxel (TAXOTERE), albumin-bound -paclitaxel (ABRAXANE), DHA-paclitaxel, or PG-
paclitaxel. In certain aternative embodiments, the antimitotic agent comprises avinca akaloid, such
asvincristing, binblastine, vinorelbine, or vindesine, or pharmaceutically - acceptable sats, acids, or
derivatives thereof. In some embodiments, the antimitotic agent isan inhibitor of kinesin Eg5 or an
inhibitor of :amitotic kinase such:as Aurora A or Pkl . In.certain embodiments, where the
chemotherapeutic -agent administered in combination with aDLL4 antagonist is an anti-mitotic agent,
the cancer or tumor:being:treated is breast cancer or a breast tumor.

[00176] In some embodiments, an additional therapeutic agent comprises an.agent such as a small
molecule. For example, treatment can involve the combined administration of a DLL4 antagonist
(e.g.-an.antibody) :of the present invention with a small molecule that acts as an:inhibitor against
additional tumor-associated proteins: including, but not limited to, EGFR, ErbB2, HER2, and/or

VEGF. In certain embodiments, the additional therapeutic agent is:asmall molecule that inhibits a
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cancer stem cell pathway. In some embodiments, the additional therapeutic agent is a small molecule
inhibitor of the.Notch .pathway. In some embodiments, the additional therapeutic agent isa small
molecule inhibitor of the Wnt pathway. In some embodiments, the additional therapeutic agent isa
small moleculeinhibitor of the BMP pathway. In some embodiments, the additional ‘therapeutic agent
isasmall molecule that inhibits B-catenin signaling.

[00177] In some embodiments, an additional therapeutic agent comprises abiological molecule, such
as an antibody. For example, treatment can involve the:combined administration of a DLL4
antagonist (e.g. an antibody) of the.present invention with other antibodies against additional tumor-
associated proteins including, but not limited to, antibodies that bind EGFR, ErbB2, HER2,. and/or
VEGF. In certain embodiments, the additional therapeutic agent:isan antibody that is an anti-cancer
stem cell marker antibody. In some embodiments, the additional therapeutic agent is an antibody that
binds a component of the Notch pathway. In some embodiments, the additional therapeutic agent is
an antibody that binds a component of the Wnt pathway. In certain embodiments, the additional
therapeutic agent is an antibody that-inhibits a.cancer stem cell pathway. In some embodiments, the
additional therapeutic agent is.an antibody inhibitor of the Notch pathway. 1n some embodiments, the
additional ‘therapeutic agent is an antibody: inhibitor of the Wnt pathway. In.some embodiments, the
additional therapeutic agent isan antibody: inhibitor of the BMP pathway. In some embodiments, the
additional therapeutic agent is an antibody that inhibits B-catenin signaling. In certain embodiments,
the additional therapeutic agent is an antibody that is an angiogenesis inhibitor or modulator(e.g., an
anti-VEGF or VEGF receptor antibody). ‘In certain embodiments, the additional therapeutic agent is
bevacizumab. (AVASTIN), trastuzumab. (HERCEPTIN), panitumumab:(VECTIBIX), or-cetuximab
(ERBITUX).. Combined administration. can include co-administration, either in asingle
pharmaceutical formulation or using separate formulations, or consecutive administration in either
order but generally within atime period such that all active agents can exert their biological .activities
simultaneously.

[00178] Furthermore, treatment with:a DLL4 antagonist described herein can include combination
treatment with other biologic molecules, such as one or more cytokines (e.g., lymphokines,
interleukins, tumor necrosis factors, and/or growth factors) or can be accompanied by surgical
removal of tumors, cancer cells, or any other therapy deemed necessary by atreating physician.
[00179] In certain embodiments, the treatment :involves the administration of a DLL4 antagonist (e.g.
an antibody) of the present invention in combination with radiation therapy. Treatment with aDLL4
antagonist can occur prior to, concurrently with, or subsequent to administration of radiation therapy.

Dosing schedules for such radiation therapy can be determined-by the skilled medical practitioner.

[00180] Embodiments. of the present disclosure can be further-defined by reference to the following

non-limiting. examples, which describe the use of a DLL4 antagonist for treatment of cancer. It will
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be apparent to those skilled in the art'that many modifications, both to materials and methods, may be

practiced without departing from the scope of the present disclosure.

EXAMPLES
Example 1
Phase 1 Study of OMP-21M1 8 in subjects with previously treated solid tumors
[00181] The study was an open-label Phase 1dose-escalation study of OMP-21M 18 in subjects with
advanced solid tumors. The primary objective of the study was to determine the maximum tolerated
dose of OMP-21M18. The secondary objectives were to determine the safety, the.rate of
immunogenicity, the preliminary - efficacy, and the pharmacokinetics of OMP-2 1M 18,
[00182] The subjects in the initial portion of the trial’ were treated. a dose levels of 0.5 (n'=3), 1.0 (n=
3), 2.5 (n="6), and 5.0mg/kg (n = 3) once aweek for nine doses and then every other week; 2.5 (n=
6), 5(n = 6) and IOmg/kg (n= 12) once every other week; and 10mg/kg on Days 0, 7,-and 14'asa
loading dose-and then once every other week. Inthe expansion portion of the study, 15 additional
subjects were treated with 10Omg/kg once every other week. Cohorts of 3 subjects were treated and
evauated for dose-limiting toxicities (DLTs) through Day 28. If O of 3 subjects had aDLT,
escalation to the next dose cohort occurred. If 1of 3 subjectshad aDLT, 3 additional subjects were
treated and escalation to the next cohort occurred if less than 2 of 6 subjects experienced a DLT.
Subjects continued on treatment until Day 56, when an assessment of the tumor respond was
performed.
[00183] The maximum tolerated dose was not reached at a dose of 10mg/kg every other week,
however several subjects treated with 10mg/kg every other week.-for longer than 100 days showed
signs of cardiotoxicity that exceeded the level of acceptable chronic toxicity and enrollment in the
study was stopped early.
[00184] During the conduct of the Phase 1 study, cardiotoxicity was identified as a potential toxicity
in an ongoing monkey study. Based on the initial ‘Phase 1 study results and the monkey study resullts,
the Phase 1study protocol was amended to include monitoring for cardiac dysfunction and/or
cardiotoxicity with BNP measurements and echocardiograms. Asdiscussed herein, BNP (or NT-pro-
BNP) levels in blood/serum samples may be used to detect cardiac dysfunction and/or heart failure.
Increases in BNP levels to greater than 400pg/ml or NT-proBNP levelsto greater than 800pg/ml
considered to be possibly related to OMP-21M | 8 treatment were observed in six patients who
received 10mg/kg once every other week. Five of the patients who received 10mg/kg-once every
other week had LV EF declines as evaluated by echocardiograms and four of these patients devel oped
congestive heart failure. OMP-21M18 treatment was discontinued for all four patients and they were
administered medications for heart failure. The symptoms of heart failure subsequently diminished in

all subjects. Noinstances of significant increases:in BNP levels or other signs of cardiotoxicity were
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observed in the lower dose cohorts, except for one patient who received 2.5mg/kg once every other

week and developed pulmonary hypertension.

Example 2

Phase | b Study of OMP-21M18 in combination with carboplatin and pemetrexed in subjects with
NSCLC

[00185] The study is aPhase | b dose-escalation study of OMP-21M 18 plus carboplatin and
pemetrexed (carbo/PEM) in subjects with-unresectable, locally advanced, recurrent, or metastatic non-
squamous non-small-cell lung cancer (NSCLC). Subjectshad not received prior chemotherapy for the
cancer. The primary objective of the study was to determine the maximum tolerated dose of OMP-
21M1 8 plus carbo/PEM in subjects with NSCLC. The secondary objectives wereto determine the
safety, the rate of immunogenicity, the preliminary efficacy, and the pharmacokinetics of OMP-
21M18:in combination with carbo/PEM asafirst line treatment in subjects with NSCLC.

[oo186] Carboplatin (6mg/ml:x min x [creatinine clearance (ml/min) + 25]) and pemetrexed
(500mg/m?) were administered once every 21days for atotal of 6 cycles (or for lessthan 6 full cycles
if toxicity necessitates reducing or holding a dose or terminating treatment). Patients with stable
disease or aresponse athe end of the 6-cycles continued to receive OMP-21M 18 once every 3'weeks
as maintenance therapy. OMP-21M 18 was:supplied-at a concentration of 10mg/ml-in a25-ml single-
use glass viadl filled to-20ml to deliver atotal of 200mg pervia. OMP-21M 18 was administered:by
intravenous (1V) infusion over 30 minutes-once every 21 days (on the same day asthe scheduled
carbo/PEM administration) until disease progression.

[00187] Patient demographics are summarized in Table 1 (as of October 2012) and in Table 2 (as of
June 20, 2013).

Table 1
Dose.Cohort
(mg/kg Q3W)
"""""" 5! 25 5 Total
No. of patients 6 6 | 8 20
Median age (years) 66.5 59.5 65.0 64.0
Male/Female wm | 2/4 2% | 614
Prior Surger& 77777 o | 0 1 i
Prior Neoad;j uvanf/Adjuvant Therapy 0 o 0 0 0
Prior Radiotherapy 2 1 5 8
1. Prior to risk mitigation
Table 2
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Dose Cohort
(mg/kg Q3W)
5
51 25 5 . 75 Total
Expansion
No. of patients 6 6 8 6 4 30
Median age (years) 66.5 59.5 650 | 605 | 595 62.5
Male/Femae 2/14 2/4 2/6 3/3 2/2 11/19
Prior Surgery 0 0 1 i 2 0 3
Prior : '
Neoadj uvant/Adj uvant 0 0 0 0 ; 0 0
Therapy : ;
Prior Radiotherapy 2 1 5 2 } 1 11

1. Prior torisk 'm'i”tigation

[00188] The first cohort of 6 patients was administered OMP-21M 18 at a dosage of 5mg/kg once
every 3 weeks. Treatment in this cohort was paused due to emerging. evidence of cardiotoxicity
secondary to administration of OMP-21M1 8 in-other ongoing studies (see Example 1). The Phase | b
protocol was amended to include a risk mitigation plan to enhance the therapeutic index of OMP-

2 1M | 8 and manage tolerability. The second cohort of ‘six patients was administered OMP-21M 18 at
adosage: of 2.5mg/kg once every 3 weeks and the third cohort of ‘eight patients was administered
OMP-21M1 8 at a dosage of 5mg/kg once every 3 weeks. The fourth cohort was an expansion cohort
of 6 patients administered OMP-21M 18 at a dosage-of 5mg/kg once every 3 weeks. The fifth:cohort
of six patients was administered OMP-21M 1 8 a a dosage of 7.5mg/kg once every 3 weeks for 4
cycles. Asof October 2013, the fourth and fifth cohorts were ongoing. Aspart of the safety
evaluation .and risk mitigation, subjects were monitored for B-type natriuretic peptide (BNP) levels in
blood/serum samples-every- 14 days using an Alere Triage BNP-test and device. Patients were
administered- a cardioprotective ACE: inhibitor and/or carvedilol - if their BNP levels were greater than
or equal-to 100pg/ml in two consecutive samples-or greater than or:equal to 200pg/ml in-one sample,
while still receiving OMP-21M1.8. Patients were:administered an ACE. inhibitor or carvedilol if their
BNP level was greater than or equal to 300pg/ml in:any one sample and treatment with OMP-21M1 8
was withheld. Treatment with OMP-21M 18 was restarted when BNP levels decreased below
300pg/ml. |If a subject's BNP level was greater than 400pg/ml in.any one .sample, treatment with
OMP-21M18 was discontinued. In addition, subjects had Doppler echocardiograms every 28 days to
assess cardiac function and monitor |eft ventricular gjection fraction (LVEF) and peak tricuspid
velocity (PTV). Baseline BNP.and echocardiogram readings were taken just prior to.administration
of the first dosage.
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[00189] During the study, subjects were assessed for adverse events from the time of enrollment
through 30 days after the last dose of OMP-21M18. Adverse events were assessed using the National
Cancer Ingtitute (NCI) Common Terminology Criteria for Adverse Events (CTCAE), version 4.02.
[00190] In the first cohort (OMP-21M 18 5mg/kg once every 3 weeks), two patients had a partial
response, two patients had stable disease, and two patients were not evaluable. Two patients had no
progressive disease for greater than 20 months. One of the six patients had an increase in BNP, with
no cardiac impairment observed on echocardiograms and no evidence of congestive heart failure. As
noted above, initial treatment of this cohort predated implementation of the risk mitigation strategy for
cohorts 2 and 3.

[00191] In the second cohort (OMP-21M1 8 2.5mg/kg once every 3 weeks), four patients had a partial
response and two patients had stable disease, with the response lasting from 112 to 225 days. Three
of six patients had an increase in their BNP levels and two of those patients met the criteria for
administration of a cardioprotective ACE inhibitor and/or carvedilol. Thethird patient only -had one
sample with.a BNP level above 100pg/ml, and was not treated with an ACE inhibitor and/or
carvedilol. There was no cardiac impairment in these patients observed on echocardiograms and no
evidence of congestive heart failure.

[00192] In the third cohort (OMP-21M1 8 5mg/kg once every 3 weeks), two patients had a partial
response, four patients had stable disease, one patient had progressive disease due to anew lesion, and
one patient was not evaluable (this cohort was ongoing as of October 2012). Four of eight patients
had an increase in their BNP levels and three patients were treated with a cardioprotective ACE
inhibitor and/or carvedilol. The fourth patient only had one sample with aBNP level a or above
I00Opg/ml, and was not treated with an ACE inhibitor and/or carvedilol. There was no cardiac
impairment in these patients observed on echocardiograms and no evidence of congestive heart
failure.

[00193] In the expansion fourth cohort (OMP-2 1M | 8 5mg/kg once every 3 weeks), one patient had a
partial response, two patients had stable disease, two patients had progressive disease, and one patient
was not evaluable (this cohort was ongoing as.of October 2013). Three of six patients had an increase
in their BNP levels and two patients were treated with a cardioprotective- ACE inhibitor and/or
carvedilol. There was no cardiac impairment in these patients observed on echocardiograms and no
evidence of congestive heart failure.

[00194] In the fifth-cohort (OMP-2 1M 18 7.5mg/kg once every 3 weeks for 4 cycles), two patients had
apartial response, two patients had stable disease, one patient had progressive disease, and one patient
was not evaluable (this cohort was ongoing as of October 2013). Three of six patients had an increase
in their BNP levels and two patients were treated with a cardioprotective: ACE inhibitor and/or
carvedilol. There-was no cardiac impairment in these patients observed:on:echocardiograms. and no
evidence of congestive heart failure. One patient had aPTV vaue of 3.3m/s on day 112, but
treatment with OMP-2 1M | 8 was continued.
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[88195] These results are summarized in Figures 1A and 8.

[01%6] Inregard to efficacy asmeasured by the percentage change in target tumor lesions including
cohorts 1, 2, anxd 3, the response of evaluable patients was. 8/17 (47%) patients had a partial response,
8/17 (47%) patients had stable disease, and 1/17 (6%) patients had progressive disease (Figure 2).
[00197] Inregard b efficacy asmeasured by the percentage change intarget tumor lesions (as of
October 25, 2013) including cohorts 1, 2, 3, 4, and 5, the response of evaluable patients was: 24/27
(89%) patients had a partial response or had stable disease, and 3/27 (1 1%) patients had progressive
disease (Figure 3).

[08188]In regard to safety in cohorts 2 and 3 with risk mitigation, five patients were started on-a
cardioprotective ACE inhibitor and/or carvedilol. Three of the patients continued treatment with
OMP-21M18 and their BNP levels were controlled, while one patient was taken off OMP-21M 18
treatment due to an increased. BNP level above 400pg/ml. None of the patients had a decline in LVEF
or evidence of congestive heart failure. Other aspects of the safety profile were similar to what has
been observed with standard carboplatin/pemetrexed . chemotherapy treatment. In addition,.in a
preliminary -analysis of patient-samples (n= 10), pemetrexed and carboplatin did not appear to
influence the pharmacokinetics of OMP-21M 18.

[00199] In regard to safety in.cohorts 2, 3, 4,-and:5 with risk mitigation, nine patients were started on a
cardioprotective ACE inhibitor and/or carvedilol. ‘Seven of the patients continued treatment with
OMP-21M18 and their BNP levels were controlled, while one patient was taken off OMP-21M 18
treatment ‘due to an increased BNP:level above 400pg/ml. None of the patients had a decline in LVEF
or evidence of congestive heart failure. Other aspects of the safety profile were similar to what has
been observed with standard carboplatin/pemetrexed chemotherapy treatment.

[00200] T o assess the impact of pemetrexed and carboplatin on OMP-21M 18- pharmacokinetics,
plasma:samples were collected pre- and post-infusion on Study Days 21 and 63, and analyzed for
antibody concentration. OMP-21M18 has been shown to clear slowly in patients with a population
mean half-life of 16 days. Pemetrexed and carboplatin. did not-significantly ater the
pharmacokinetics of OMP-21M 18 in patients.

Example 3

Phase | b Study of OMP-21M 18 “in combination with gemcitabine:in subjects with pancreatic cancer

[00201] The study is aPhase | b.dose-escalation :study of OMP-21M 18 plus gemcitabine in subjects

with:locally advanced or metastatic pancreatic cancer. Subjects had not received prior chemotherapy
for-the cancer. The primary - objective of the study was to determine the maximum tolerated dose of

OMP-21MI18 plus gemcitabine. in subjects with pancreatic cancer. The secondary objectives.were to
determine the safety, the rate of immunogenicity, . the preliminary efficacy, and the pharmacokinetics

of OMP-21M18 in combination with gemcitabine asafirst linetreatment ‘in subjects with pancreatic.
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[00202] Gemcitabine (I000OmMg/m?) was administered once every week for up to 7 weeks (or until
toxicity necessitates reducing or holding a dose), followed by aweek of rest from treatment.
Subsequent cycles consisted of once weekly infusions for 3 consecutive weeks out of every 4 weeks.
OMP-21M18 was supplied a aconcentration of I'Omg/ml’ in a 25-ml-single-use' glass via filled to
20ml to deliver atotal of 200mg per via. OMP-2 1M 18 was administered by intravenous (1V)

infusion over 30 minutes once every 14 days or once every 4 weeks until disease progression.

[00203] Patient demographics - are summarized iin Table 3 (as of June 20, 2013).

Table 3
777777 Dose Cohort
(mg/kg)

rrrrrrrrrrrrrrrrrrrrrrrr 2.5' Q2w 2.5Q4W 5 Q4W Total

No. of patienfg 77777777777 8 8 8 24
Median age (years) | 635 63.5 69.0 65.5
Male/Female | 4/4 6/2 3/5 13/11

rrPrior Surgery o 2 3 6

. Prior Neoadjuvant/AdJuvantTherapy VVVVVVVVVVVVVVVVV 1 0 1 2

iri’rior Radiotherapy 0o H 0 0 0

1. Prior torisk mitigaﬁon

[00204] The-first cohort-of eight: patients was administered :OMP-21M 18 :at a dosage.of 2.5mg/kg. once
every 2 weeks. Treatment inthis cohort was paused:due to emerging evidence of cardiotoxicity
secondary -to administration of OMP-21M18 “in other ongoing studies. (see.Example 1). The protocol
was amended to include arisk mitigation plan to enhance the therapeutic index of OMP-2 1M 18 and
manage tolerability. The second cohort of eight patients was administered OMP-2 1M1 8 at a dosage
of 2.5mg/kg once every 4 weeks and the third.cohort :of .eight patients was administered .OMP-21M 18
at a dosage of 5mg/kg once every 4 weeks. As of October 18, 2013, the fourth cohort of ‘six: patients
was administered OMP-21M 18 at a dosage of 2.5mg/kg. every two weeks for 6 cycles. |n addition,
the fourth cohort was administered nab-bound paclitaxel (ABRAXANE) at a dosage of 125mg/m?2
weekly. The fifth cohort will-be-administered OMP-21M 18 at a dosage of 5mg/kg-every two weeks
for 6 cycles in combination with gemcitabine .and ABRAXANE. As part of the safety evaluation.and
risk mitigation, subjects were monitored for B-type natriuretic peptide (BNP) levels in blood samples
every 14.days. Patients were administered a cardioprotective :ACE inhibitor or carvedilol :if their BNP
levels were greater than or equal to: 100pg/ml in two consecutive -samples or greater than or equal .to
200pg/ml in one sample, while gtill receiving OMP-21M18. - Patients were administered ‘an ACE
inhibitor -or carvedilol if their BNP level ‘was greater than or equal ‘to 300pg/ml-in any one:sample-and
treatment with- OMP-21M 18 was withheld. Treatment with OMP-21M18 was restarted when BNP
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levels decreased below 300pg/ml. If a subject's BNP level was greater than 400pg/ml in any one
sample, treatment with OMP-21M 18 was discontinued. In addition, subjects had Doppler
echocardiograms every 28 days to assess cardiac function and monitor left ventricular gjection
fraction (LVEF) and peak tricuspid velocity (PTV). Baseline BNP and echocardiogram readings were
takenjust prior to administration of the first dosage.

[00205] During-the study, subjectswere assessed for adverse events from the time of enrollment
through 30 days after the last dose of OMP-21M18. Adverse events were assessed using the National
Cancer Ingtitute (NCI) Common Terminology. Criteria for Adverse Events (CTCAE), version 4.02.
[00206] Inthe first cohort (OMP-21M18 2.5mg/kg once every 2 weeks), one patient had a partial
response, four patients had stable disease, and three patients were not evaluable. Six of eight patients
had no progressive disease for 22 to 147 days, before study was put on hold. Six of the eight patients
had an increase intheir BNP, with no cardiac impairment observed on echocardiograms and no
evidence of congestive heart failure. Asnoted above, initial treatment of this cohort predated
implementation of the risk mitigation strategy for cohorts 2 and 3.

[00207] In the second cohort (OMP-2 1M 18 2.5mg/kg once every 4 weeks), one patient had a partial
response, two: patients.had stable disease, three patients had progressive disease, and two patients
were.not evaluable. Four of eight patients had an increase in their BNP levels and one of those
patients met the criteria for administration of an ACE inhibitor and/or carvedilol. There was no
cardiac impairment in these patients observed on echocardiograms and no evidence of congestive
heart failure.

[00208] In:the:third cohort (OMP-2 1M | 8 5mg/kg once every 4. weeks), two patients had-a partial
response, one patient had stable disease, two patients had progressive disease, and three patients were
not evaluable (as of September 20, 2013). Four of eight patients had an increase in their BNP levels
and three of those patients were administered:an ACE inhibitor and/or carvedilol. There was no
cardiac impairment in these patients observed on echocardiograms and no evidence of congestive
heart failure.

[00209] In the fourth cohort (OMP-2 1M | 8 2.5mg/kg once every 2 weeks with gemcitabine and
ABRAXANE), three patients:had a partial response, two patients had stable disease, and one patient
had progressive disease (as of October 25, 2013; this cohort isongoing). Two of ‘six patients had an
increase in their BNP levels and were administered an ACE inhibitor and/or carvedilol. There was no
cardiac impairment in these patients observed on echocardiograms and no evidence of congestive
heart failure.

[00210]In regard.to efficacy as measured by the percentage change in target tumor lesions including
cohorts 1and 2, the response for evaluable patients was: 2/1 1(18%) patients had a partia response,
6/1 1(54%) patients had stable disease, and 3/1 1(27%) patients had progressive disease (Figure 4;.as
of October 2012). In regardto safety in cohort 2 with risk mitigation, 1 patient was started on a
cardioprotective ACE inhibitor and/or carvedilol while continuing treatment with OMP-21M | 8 and
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their BNP levels were controlled. In ali patients, there was no decline seen in LVEF or evidence of
congestive heart failure. Other aspects of the safety profile were similar b what has been observed
with standard gemcitabine chemotherapy treatment.

[0021%]In regard to efficacy as measured by the percentage change in target tumor lesions including
cohorts 1, 2, 3, and-4 the response for evaluable patients was: 18/22 (82%) patients-had a partial
response or had stable disease, and 4/22 (18%) patients had..progressive disease (Figure 5; as of
October 2013). Inregardto safety in.cohorts 2, 3 and 4 with risk mitigation, 7 patients were started
on a cardioprotective ACE inhibitor .and/or carvedilol while continuing treatment with OMP-2 1M 1.8,
and BNP levels were controlled in six of the treated patients. in al patients, there was no decline seen
in LVEF or evidence of congestive heart‘failure. Other aspects of the safety profile were similar to

what has been observed with standard’ gemcitabine chemotherapy treatment.

[0212] It is understood that the examples and embodiments described herein are for illustrative
purposes only and that various modifications or changes in light thereof will be suggested to persons
skilled inthe art and are to be included within the spirit and purview of this application.

[00213] All publications, patents,.and patent applications cited-herein are-hereby incorporated by
reference intheir entirety for al purposes:tothe same extent: as:if each individual publication, patent,

or patent application were specifically ‘and individually indicated to be so incorporated by reference.
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SEQUENCES

21M 18 Heavy chain CDR1 (SEQ ID NO: 1)
TAYYIH

21M 18- H2 Heavy chain CDR2 (SEQ ID NO:2)
Y1 SCYNGATNYNQKFKG

21M 18 ~ H7 Heavy chain CDR2 (SEQ ID NO:3)
YI SSYNGATNYNQKFKG

21IM18 - H9 Heavy chain CDR2 (SEQ ID NO:4)
YI SVYNGATNYNQKFKG

2iMi:8 Heavy chain CDR3 (SEQ ID NO:5)
RDYDYDVGWDY

21M |8 Light chain CDR1 (SEQ 1D NO:6)
RASESYDNYGE SFUK

21M 18 Light chain CDR2 (SEQ ID NO:7)
AASNQGS

21IM18 Light chain CDR3 (SEQ ID NO:8)
QQSKEVPWIEGG

21M 18 - H2 Heavy chain variableregion (SEQ ID NO:9)

PCT/US2013/067776

QVQLVQSGAEVKKPGASVKI SCKASGYSFTAYY! HWKQAPGQGLEW GYI SCYNGATNY
NQKFKGRVT FTTDT STSTAYMELRSLRS DDTAVYYCARDYDYDVGMDYWEQGTLVTVSS

21M 18 - H7 Heavy:chain variableregion (SEQ:ID NO: 10)

QVQLVQSGAEVKKPGASVKI SCKASGYSFTAYY! HWKQAPGQGLEW GYI SSYNGATNY
NQKFKGRVT FTTDTSTSTAYMELRSLRS DDTAVYYCARDY DYDVGVDYWSQGTLVTVSS

2iM 18- H9 Heavy chain variable region (SEQ ID NO:11)

QVQL VQSGAEVKKPGAS VKT SCKA SGY SFTAY Y1 HWVKIAPGQGLEW | GYI SVYNGATNY
NQKFKGRVT FTTDr STSTAYMELRSLRS DDTAVYYCARD YDYDVGVD Y# GQGTLVTVSS

21M|8Light chain variable region (SEQ iD NO: 12)

DI VMIQSPDS LAVSLGERATI SCRASESVDNYG SFVKWeQQK PGQPPKLL | YAASNQGS

GVPDRFSGSGSGIDFTLTI SSL 0A=DvavYYCQQSKEY Pt FGGGr KVEI K

Human:DL L4 extracellular domain with putative signal- sequence underlined (SEQ ID NO: 1 3)
MAAASRSAS GWAL L LL VAL wQORAAGSGVFQL QL QEFI NERGVLASCRPCEPGCRTFFRV
CLKHFQAVWVsS TG CTFGTVSTPVLG aSFAVRDDSSGGGRNPLQLPFNFTWPGTFSLI | E
AWHAPCDDL RPEALPPDAL| SKI Al QGSLAVGONWL.LDEQTSTLTRLRYSYRVI CSDNYY
CGDNCSRL CKKRNDHFGHYVCQPDGNL SCL PGAW GEYCQQPI CL SGCHEQNGYCSKPAECL
CRPGMIGRLCNEC! PHNGCRHGT CSTPWRCT CDEGWGEGE. FCDQDLNYCTHHSPCKNGATC
SNSGORSYTCTCRPGYTGVDCEL EL SECDSNPCRNGGSCKDQEDGYHCL CPPGYYGLHCE

HSTL SCADSPCFNGGSCRERNQGANYACECPPNFTGSNCEKKVDRCT SNPCANGGQCLNR
GPSRMCRCRPGFTGT YCEL HYSDCARNPCAHGGT CHDL ENGL MCTCPAG-SGRRCEVRTS

| DACASSPCFNRATCYTDLSTDTFVCNCPYGFVGSRCEFPVG

Human DLL4 N-termina region with putative signal sequence underlined (SEQ:ID NO: 14)

(94
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MAAASRSASGMAL L L L VAL WOORA AGSGVFQLQL QEFI NERGVLASGRPCEPGCRTFFRV

CLISHFQAWSPGPCT = FGTVSTPVLGTNS FAVRDDSSGGGRNPLQLPFNFTWPGTFSL IE
AwHAPGDDL RPEAL PPDAL T SKIAI GSLAVGEQ

Human DLL4 DSL Region (SEQ ID NO: {5)
WLLDEQTSTLTRLRYSYRVI CSDNYYGDNCSRL CKKRNDHFGHYVCQPDGNL SCLPGAM G
EYC

Human DLL4 amino-acids 1-217 with putative signal sequence underlined (SEQ 1D:NO:16)
MAAASRSA SGWALLLLVALWQQRAAGSGVFQLQLQEFINERGVLASGRPCEPGCRTFFRV

CLKHFQAWS PGPCTFGTVSTPVL GI'NSFAVRDDS SGGGRNPLQL PENFTWPGTFSLIIE
AWHAPGDDLRPEALPPDALI  SKIAI QGSLAVGQNWLLDEQTSTLTRLRYSYRVICS  DNYY
GDNCSRLCKKRNDHFGHYVCQPDGNL SCLPGWTGEYC

Human DLL4 amino acids 27-217 (SEQ ID'NO: 17)

SGVFQLQLQEFINERGVLASGR PCEPGCRTFFRVCLKHFQAWS PGPCTFGTVSTPVLGT
NSEFAVRDE SSCCGRNPLQLPFSFTWPGTFSLI | EAWHAPGDDLRPEALPPDAL ISKIAIQ
GSIAVGQNWLLDEQTSTLTRLRYSYRVICSDNYYGDNCSRLCKKRNDHFGHYVCQPDGNL
SCLPGMGEYC

Human DLL4 amino-acids 66-73 (SEQ ID NO: 18)
QAWSPGP

Human DLL4 amino:acids 139-146 (SEQ ID NO: 19)
LISKIAIQ
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WHAT ISCLAIMED IS:

1. A method of selecting a subject for treatment with a DLL4 antagonist, comprising:
@ obtaining abiological sample from the subject;
(b determining the level of a natriuretic peptide in the sample; and
(© selecting the subject for treatment with the DLL4 antagonist if the level of the
natriuretic peptide is below a predetermined level.

2. A method of identifying a subject as dligible for treatment with aDLL4 antagonist, comprising:
@ obtaining abiological sample from the subject;
(b determining the level of a natriuretic peptide in the sample; and
(© identifying the subject as eligible for treatment with the DLL4 antagonist if the level
of the natriuretic peptide isbelow apredetermined level.

3. A method of selecting a'subject for treatment with a DLL4 antagonist, comprising:
@ determining the level of a natriuretic peptide in a sample from the subject; and
(b selecting the subject for treatment with the DLL4 antagonist if the level of the
natriuretic peptide is below a predetermined level.

4. A method of identifying a subject as eligible for treatment with a DLL4 antagonist, comprising:
@ determining-the level of a natriuretic peptide in a sample from the subject; and
(b identifying the subject as eligible for treatment with the DLL4 antagonist if the level
of the natriuretic peptide is below apredetermined level.

5. The method of any one of claims 1-4, wherein the biological sample isblood, serum, or plasma.

6. The method of any one of claims 1-5, wherein the natriuretic peptide is B-type natriuretic peptide
(BNP).

7. The method of claim 6, wherein-the predetermined level of BNP in blood, serum, or plasmais

about 300pg/ml or less.

8. The method of claim 6, wherein the predetermined level of BNP in blood,.serum, or plasma is

about 200pg/ml or less.

9. The method of claim 6, wherein the predetermined level of BNP in blood, serum, or plasma is

about 150pg/ml or less.

N
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10. The method of claim 6, wherein the predetermined level of BNP in blood, serum, or plasma is

about 100pg/ml or less.

11. The method of any one of claims 1-10, which further comprises administering the DLL4
antagonist to the subject if the level of the natriuretic peptide isbelow the predetermined level.

12. A method of monitoring a subject receiving treatment with a DLL4 antagonist for the
development of acardiovascular side effect and/or toxicity, comprising:
@ obtaining abiological sample from the subject receiving treatment;
(b) determining the level of anatriuretic peptide inthe sample; and
(© comparing the level of the natriuretic peptide in the sample to a predetermined level
of the natriuretic peptide;
wherein an increase inthe level of the natriuretic peptide indicates development of a

cardiovascular side effect and/or toxicity.

13. A method of detecting the development of a cardiovascular side effect and/or toxicity in a subject
receiving treatment with aDLL4 antagonist, comprising:
@ obtaining a biological sample from the subject receiving treatment;
(b) determining the level of anatriuretic peptide in the sample; and
(© comparing the level of the natriuretic peptide in the sample to a predetermined level
of the natriuretic peptide;
wherein an increase in the level of the natriuretic peptide indicates development of a

cardiovascular side effect and/or toxicity.

14. A method for identifying a cardiovascular side effect and/or toxicity in a subject receiving
treatment with a DLL4 antagonist, comprising:
@ obtaining abiological sample from the subject receiving treatment;
(b) determining the level of a natriuretic peptide in the sample; and
(© comparing the level of the natriuretic peptide in the sample to a predetermined level
of the natriuretic peptide;
wherein. if the level of the natriuretic peptide in the sample is higher than the predetermined

level then a cardiovascular side effect and/or toxicity i'sindicated.

15. A method for monitoring a cardiovascular side effect-and/or toxicity in a subject receiving
treatment with a DLL4 antagonist, comprising:

@ obtaining abiological: sample from the subject receiving treatment;
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(b determining the level of anatriuretic peptide in the sample; and

(©) comparing the level of the natriuretic peptide in the sample to a predetermined level
of the natriuretic peptide;

wherein if the level of the natriuretic peptide in the biological sample from the subject is
higher than the predetermined level then a cardiovascular side effect and/or toxicity is

indicated.

{6. A method of monitoring a subject receiving treatment with a DLL4 antagonist for the
development of a cardiovascular side effect and/or toxicity, comprising:
@ determining the level of anatriuretic peptide in a sample from the subject; and
(b comparing the level of the natriuretic peptide inthe sample to a predetermined level
of the natriuretic peptide;
wherein agn increase in'the level of the natriuretic peptide indicates development of a

cardiovascular side effect and/or toxicity.

17. A method of detecting the development of a cardiovascular side effect and/or toxicity in a subject
receiving treatment with a DLL4 antagonist,-comprising:
@ determining the level of anatriuretic peptide in-a sample from the subject; and
(b comparing the level of the natriuretic peptide in the sample to a predetermined level
of the natriuretic peptide;
wherein.anincrease inthe level of the:natriuretic peptide indicates development.of a

cardiovascular side effect and/or toxicity.

18. A method for identifying a cardiovascul ar side effect and/or toxicity in a subject receiving
treatment with aDLL4 antagonist, comprising:
@ determining the level of anatriuretic peptide in a sample from'the subject; and
(b) comparing the level of the natriuretic peptide in the sample to a predetermined level
of the natriuretic peptide;
wherein if the level of the natriuretic peptide in the sample is higher than the predetermined

level then acardiovascular side effect and/or toxicity isindicated.

18. A method for monitoring. a cardiovascular side effect and/or toxicity in a subject receiving
treatment with a DLL4 antagonist, .comprising:

@ determining the level ‘of anatriuretic peptidein.a sample from the subject; and

(b) comparing the level of the natriuretic peptide:in the sasmpleto a predetermined |evel
of the natriuretic peptide;
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wherein if the level of the natriuretic peptide in the sample is higher than the predetermined

level then a cardiovascular side effect and/or toxicity isindicated.

20. The method of any one of claims 12-19, wherein the sample isblood, serum, or plasma.

21. The method of any one of claims 12-20, wherein the cardiovascular side effect:and/or toxicity is

cardiotoxicity.

22. The method of any one of claims 12-21, wherein the predetermined level of the natriuretic peptide

isthe amount of natriuretic peptide in-a sample obtained at an earlier date.

23. The method of any one of claims 12-22, wherein the predetermined level of the natriuretic peptide

is the amount of natriuretic peptide in a sample obtained prior to treatment.

24. The method of any oneof claims 12-21, wherein the predetermined level of the natriuretic peptide

isanormal reference level.

25. The method of claim 24, wherein.the normal reference level for BNP is about |OOpg/ml or lessin

blood, serum, or plasma.

26. The method:of any one of claims 12-25, wherein. a sample is obtained approximately every 2
weeks.

27. The method of claim 26, wherein if the natriuretic peptide level is above a predetermined level for
two consecutive samples, the subject is administered a therapeutically effective amount of an ACE

inhibitor and/or a B-blocker.

28. The method of any one of claims 12-26, wherein if the natriuretic peptide level isabove a
predetermined level for any one sample, the subject is administered atherapeutically effective: amount
of an ACE inhibitor and/or a B-blocker.

29. The method. of any one of claims 12-26, wherein if the natriuretic peptide level.isabove a
predetermined level for-any-one sample, the subject is administered atherapeutically effective amount

of .an ACE inhibitor -and/or -a B-blocker-and the DLL4 antagonist is withheld.

30. The method: of claim 12-29, wherein the natriuretic peptide is B-type natriuretic peptide (BNP).
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31. The method of claim 30, wherein the predetermined level of BNP isabout 100pg/ml in blood,

serum, or plasma.

32. The method of claim 30, wherein the predetermined level of BNP isabout 200pg/ml in blood,

serum, or plasma.

33. The method of claim 30, wherein the predetermined level of BNP isabout 300pg/ml in blood,

serum, or:plasma.

34. The method of claim 30, wherein if the BNP level decreases to below about 200pg/ml after
administration of the ACE inhibitor and/or a (3-blocker, then administration of the DLL4 antagonist is

resumed.

35. The method of any one of claims 30-33, wherein if the BNP level decreases after administration
of the ACE inhibitor and/or a (3-blocker, then administration of the DLL4 antagonist -is resumed.

36. A method for reducing a cardiovascular side effect and/or toxicity in a subject receiving treatment
with aDLL4 antagonist, comprising:
@ obtaining: a biologica sample from- the subject receiving-treatment;
(b) determining .the level of anatriuretic peptide inthe sample;
(© comparing the level of the natriuretic: peptide in the :sample to a predetermined level
of the natriuretic - peptide; and
(d) administering tothe subject atherapeutically effective amount of an ACE inhibitor
and/or a 3-blocker if the level of the natriuretic peptide in the sample ishigher than the
predetermined level of the natriuretic peptide.

37. A method of preventing -or attenuating the development of a cardiovascular side effect and/or
toxicity in a subject receiving treatment with a DLL4 antagonist, comprising:
@ obtaining abiologica sample‘from the subject prior totreatment with the DLL4
antagonist;
(b) determining the level of a natriuretic peptide in the sample;
(© comparing ‘the level of the natriuretic -peptide in-the sample to a predetermined - level
of the natriuretic peptide;
(d) administering tothe subject atherapeutically effective amount of an ACE: inhibitor
and/or “a [3-blocker; ‘and

(e administering to.the subject the DLL4. antagonist.
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38. A method of 'screening a subject for the risk of a cardiovascular side effect and/or toxicity from

treatment with a DLL4 antagonist, comprising:
@ obtaining abiological sample from the subject prior to treatment with the DLL4
antagonist;

5 (b determining the level of anatriuretic peptide in the sample; and

(© comparing the level of the natriuretic peptide in the sample to a predetermined level
of the natriuretic peptide; wherein if the level of the natriuretic peptide in the sample is higher
than the predetermined level of the natriuretic peptide then the subject is at risk for a

cardiovascular side effect and/or toxicity.

10
39. A method for reducing acardiovascular side effect and/or toxicity in a subject receiving treatment
with a DLL4 antagonist, comprising:
@ determining the level of anatriuretic peptide in a sample from the subject;
(b comparing the level of the natriuretic peptide in the sample to a predetermined level
15 of the natriuretic peptide; and

(©) administering to the subject atherapeutically effective amount of an ACE inhibitor
and/or a B-blocker if the‘level of the natriuretic peptide:in. the sample is higher than the
predetermined level of the natriuretic peptide.

20 40. A method of preventing or attenuating the development of a cardiovascular side effect and/or
toxicity in a subject receiving treatment with a DLL4 antagonist, comprising:
@ determining the level-of anatriuretic-peptidein a sample from the subject prior to
treatment-with the: DLL4 antagonist;
(9)] comparing the level of the natriuretic peptide in the sample to a predetermined level
25 of the natriuretic peptide;
(©) administering to the subject atherapeutically effective amount of an ACE inhibitor
and/or a B-blocker; and
(d) administering to the subject the DLL4 antagonist.

30 41. A method of screening a subject for the risk of acardiovascular side effect and/or toxicity from
treatment with a DLL4 antagonist, comprising:
@ determining the level of a natriuretic peptide in a sample from the subject; and
(b comparing the level of the natriuretic peptide in the sample to a predetermined level
of the natriuretic peptide; wherein if the level of the natriuretic peptide in the sample is higher
35 than the predetermined level of the natriuretic peptide then the subject is a risk for a

cardiovascular side effect and/or toxicity.
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42. The method of any one of claims 36-41, wherein the biological sample isblood, serum, or plasma.

43. The method of any one of claims 36-42, wherein the natriuretic peptide is BNP.

44. The method of any one of claims 36-43, wherein the cardiovascular side effect and/or toxicity is

cardiotoxicity.

45. The method of claim 38 or claim 41, wherein if the subject is at risk for a cardiovascular side
effect and/or toxicity, the subject is administered atherapeutically effective amount of an ACE
inhibitor and/or a B-blocker prior to treatment with the DLL4 antagonist.

46. The method of any one of claims 1-45, wherein the DLL4 antagonist is an antibody that
specificaly binds human DLLA4.

47. The method of any one of claims 1-45, wherein the DLL4 antagonist isan antibody comprising:
aheavy chain CDR1 comprising TAYYIH (SEQ ID NQ:l), aheavy chain CDR2 comprising
YISSYNGATNYNQKFKG (SEQ ID NO:3), .and a heavy chain. CDR3 comprising
RDYDYDVGMDY (SEQ ID NO:5), and alight chain CDR1 comprising RASESVDNY GISFMK
(SEQ:ID NO:6), alight chain CDR2 comprising AASNQGS (SEQ ID NO:7), and alight chain CDR3
comprising QQSKEVPWTFGG (SEQ’'ID NO:8).

48. The method of any one of claims 1-45, wherein the DLL4 antagonist is an antibody comprising:
a heavy chain variable region comprising SEQ ID NO: 10 and alight chain variable region comprising
SEQ ID NO: 12.

49. The method of ‘any one of claims 1-45, wherein the DLL4 antagonist is antibody OMP-21M18.

50. The method -of any one of claims 1-45, wherein the DLL4 antagonist isan anti-DLL4/anti-VEGF
bispecific antibody.

51. The method of any one of claims 27-37, 39-40, or 42-50, wherein the ACE inhibitor is selected
from the group consisting of:- captopril, zofenopril, enaapril, ramipril, quinapril, perindopril,
lisinopril, benazepril, fosinopril, ceronapril, casokinins, .lactokinins, teprotide, -alacepril, cilazapril,

delapril, imidapril, moexipril, rentiapril, spirapril, temocapril, moveltipril and trandolapril.

52. The method of any one of claims 27-37, 39-40, or 42-51, wherein the B-blocker is selected from

the group consisting of: carvedilol, atenolol, metoprolol, nadolol, oxprenolol, pindolol, propranolal,
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timolol, acebutolol, bisoprolol, esmolol, labetalol, bucindolol, nebivolol, aprenolol; amosulalal,
arotinolol, befunolol, betaxolol, bevantolot, bopindolol, bucumolol, bufetolol, bufuraol, bunitrolol,
bupranolol, butidrine hydrochloride, butofilolol, carazolol, carteolol, celiprolol, cetamolal,
cloranololdilevalol, epanolol, indenolol, levobunolol, mepindolol, metipranolol, moprolal, nadoxolol,
nipradilol, penbutolol, practolol, pronethalol, sotalol, sulfinalal, talinolol, tertatolol, tilisolol,

toliprolol, and xibenolol. .

53. The method of any one of claims 27-37, 39-40, or 42-51, wherein the (3-blocker is carvedilol.

54. The method of any one of claims 1-53, wherein the subject has cancer.

55. The method of claim:54, wherein the cancer is selected from the group consisting of: lung cancer,
breast cancer, colon cancer, colorectal cancer, melanoma, pancreatic cancer, gastrointestina cancer,
renal cancer, ovarian cancer, liver cancer, endometrial cancer, kidney cancer, prostate cancer, thyroid
cancer, neuroblastoma, glioma, glioblastoma multiforme, cervical cancer, stomach cancer, bladder

cancer, hepatoma, and head and neck cancer.

56. The-method of any one of claims 1-55, wherein the subject istreated with.the DLL 4 antagonist in

combination with one or more additional. anti-cancer agents.

57. The method of any one.of claims 1-56, wherein the cardiovascular side effect and/or toxicity is
related to the administration of the DLL4 antagonist.

58. The method of any one of claims 1-56, wherein the cardiovascular ‘side effect and/or toxicity is

left ventricular dysfunction or congestive heart failure.
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AMENDED CLAIMS
received by the International Bureau on 07 April 2014 (07.04.2014)

What isclaimed is;

1.

(@
(b)

(@
(b)

(@
(b)

A method of selecting a subject for treatment with aDLL4 antagonist,
comprising:
determining the level of anatriuretic peptide in a sample from the subject; and

selecting the subject for treatment with the DLL4 antagonist if the level of the
natriuretic peptide is below a predetermined level.

The method of claim 1, wherein the natriuretic peptide is B-type natriuretic
peptide (BNP).

The method of claim 2, wherein the predetermined level of BNP in blood, serum,
or plasma is about 300pg/ml or less, about 200pg/ml or less, about 150pg/ml or
less, or about 100pg/ml or less .

The method of any one of claims 1-3, which further comprises administering the
DLL4 antagonist to the subject if the level of the natriuretic peptide is below the
predetermined level.

A method of detecting the development of a cardiovascular side effect and/or
toxicity in asubject receiving treatment with a DLL4 antagonist, comprising:
determining the level of anatriuretic peptide in a sample from the subject; and

comparing the level of the natriuretic peptide in the sample to a predetermined
level of the natriuretic peptide;

wherein an increase in the level of the natriuretic peptide indicates devel opment
of acardiovascular side effect and/or toxicity.

A method for identifying or monitoring a cardiovascular side effect and/or
toxicity in asubject receiving treatment with a DLL4 antagonist, comprising:
determining the level of anatriuretic peptide in a sample from the subject; and

comparing the level of the natriuretic peptide in the sample to a predetermined
level of the natriuretic peptide;

wherein if the level of the natriuretic peptide in the sample ishigher than the
predetermined level then acardiovascular side effect and/or toxicity is indicated.

The method of 5 or 6, wherein the predetermined level of the natriuretic peptide is
the amount of natriuretic peptide in a sample obtained at an earlier date, the
amount of natriuretic peptide in a sample obtained prior to treatment, or a normal
reference level.

The method of claim 11, wherein the norma reference level for BNP is about
100pg/ml or less in blood, serum, or plasma.

The method of any one of claims 5-8, wherein a sample is obtained approximately

every 2 weeks.
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10.

11.

12.

13.

14.

(@
(b)
(©)
(d)

15.

(@)
(b)

16.

17.

18.

19.

The method of any one of claims 5-9, wherein if the natriuretic. peptide level is
above a predetermined level for any One sample, the subject is administered a
therapeutically effective amount of an ACE inhibitor and/or a 3-blocker.

The method of claim 5-7, 9, or 10, wherein the natriuretic peptide is B-type
natriuretic peptide (BNP).

The method of claim 11, wherein the predetermined level of BNP is about
100pg/ml, 200pg/ml, or 200pg/ml in blood, serum, or plasma.

The method of any one of claims 10-12, wherein if the BNP level decreases after
administration of the ACE inhibitor and/or a B-blocker, then administration of the
DLL4 antagonist isresumed.

A method of preventing or attenuating the development of a cardiovascular side
effect and/or toxicity in a subject receiving treatment with a DLL4 antagonist,
comprising:

determining the level of anatriuretic peptide in a sample from the subject prior to
treatment with the DLL4 antagonist;

comparing the level of the natriuretic peptide in the sample to apredeterml ned
level of the natriuretic peptide;

administering to the subject atherapeutically effective amount of an ACE
inhibitor and/or a B-blocker; and

administering to the subject the DLL4 antagonist.

A method of screening a subject for the risk of a cardiovascular side effect and/or
toxicity from treatment with a DLL4 antagonist, comprising:

determining the level of anatriuretic peptide in a sample from the subject; and
comparing the level of the natriuretic peptide in the sample to a predetermined
level of the natriuretic peptide; wherein if the level of the natriuretic peptide in the

~ sample is higher than the predetermined level of the natriuretic peptide then the

subject isat risk for a cardiovascular side effect and/or toxicity.

The method of any one of claims 1-15, wherein the sample isblood, serum, or
plasma.

The method of any one of claims 14-16, wherein the natriuretic peptide is BNP.

The method of any one of claims 5-17, wherein the cardiovascular side effect
and/or toxicity is cardiotoxicity.

The method of claim 15, wherein if the subject is at risk for a cardiovascular side
effect and/or toxicity, the subject isadministered atherapeutically effective
amount of an ACE inhibitor and/or a B-blocker prior to treatment with the DLL4
antagonist.
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20.

21

(@

(b)

22.

23.

24,
25.

26.

The method of any one of claims 1-19, wherein the DLL4 antagonist isan
antibody that specifically binds human DLLA4.

The method of any one of claims 1-19, wherein the DLL4 antagonist is an
antibody comprising:

aheavy chain CDRI comprising TAYYIH (SEQ ID NO: 1), aheavy chain CDR2
comprising YISSYNGATNYNQKFKG (SEQ ID NO:3), and aheavy chain
CDR3 comprising RDYDYDVGMDY (SEQ ID NO:5), and alight chain CDRI
comprising RASESVDNY GISFMK (SEQ ID NO:6), alight chain CDR2
comprising AASNQGS (SEQ ID NO:7), and alight chain CDR3 comprising
QQSKEVPWTFGG (SEQ ID NO:8), or

aheavy chain variable region comprising SEQ ID NO: 10 and alight chain
variable region comprising SEQ ID NO: 12.

The method of any one of claims 1-19, wherein the DLL4 antagonist is an anti-
DLL4/anti-VEGF bispecific antibody.

The method of any one of claims 1-22, wherein the subject has cancer.

The method of any one of claims 1-23, wherein the subject istreated with the
DLL4 antagonist in combination with one or more additional anti-cancer agents.

The method of any one of claims 1-24, wherein the cardiovascular side effect
and/or toxicity isrelated to the DLL4 antagonist.

The method of any one of claims 1-24, wherein the cardiovascular side effect
and/or toxicity isleft ventricular dysfunction or congestive heart failure.
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