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METHODS OF IDENTIFYING RISK OF BEVACIZUMAB-INDUCED
PROTEINURIA AND HYPERTENSION

CROSS REFERENCE TO RELATED APPLICATION
16061} This application clamms priorty to U.S. Provisional Application No. 62/903 442 filed

September 20, 2019, which is hereby mcorporated by reference in ifs entirety.
F ) s Y ! b Y

STATEMENT OF GOVERNMENTAL INTEREST

[B802] This mvention was made with govermmeni support under granis numbers
UICAT80821 and UIOCAIB0882 (to the Alliance for Clinical Trials i Oncology),
UZ4CA196171, UGICAZ33253, UGICA233327, UGICAZ33373, RZICA139280-01, and
MNIH/NCE KOTCA140390-01, awarded by the National Cancer Institute. The government has

certain rights in the invention.

FIELD

13603] The present disclosure relates to methods of identifying patients at risk of developing
bevacizumab-induced toxicitics. In particular, the disclosure relates methods of identifving
patients at risk of developing bevacizumab-induced proteinuria and/or hyperension involving

measuring nucleic acid mutations in a sample obtained from the patient.

BACKGROUND

[3804] Bevacizumab 1s a recombinant humanized monocional antibody that targets vascular
endothehial growth factor (VEGF), mhibiting its binding to its receptors VEGFRI and
VEGFR2. It was approved by the U.S. Food and Drug Administration {(FDA) in 2004 and by
the European Medicines Agency in 2005 for the treatment of metastatic colorectal cancer. The
FDA has also approved its use for the treatment of advanced non-squamous lung cancer,
metastatic renal cell carcinoma, recurrent glioblastoma, advanced cervical cancer and
platinum-resistant ovarian cancer.! Bevacizamab antitumor efficacy relies on its inhibition of
the VEGF-signaling pathway mvolved in endothelial survival, vascular permeability and
therefore angiogenesis.”

{38051 Despite the demonstrated efficacy of bevacizumab in combination with other therapies,
patients frequently expericnce toxicity that limits the duration of therapy with bevacizumab
and the efficacy of the regimen. The most frequent toxicities arc hypertension and proteinuria,

with a prevalence that varies in different studies {proteinuria 21%-41%, hypertension 3%-43).%
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* Although hypertension and proteinaria are usually asymptomatic, they can be occasionally
life threatening **

16006] The underlying mechanisms of how bevacizumab mduces hypertension and protemuria
are not well understood, but they are postulated to mvolve mitric oxide {(NO) inhibition and
ncreases in peripheral vascular resistance, renal dysfimction and glomerular damage by
inhubition of VEGF produced by podocytes. itis not clear whether the occurrence of proteinuria
shares the same mechanism responsible for hvpertension, or whether the kidney damage s a
secondary effect®

{3607} Currently, there are no validated biomarkers to predict bevacizumab-induced
hypertension or proteinuria. Previous genetic studies of bevacizumab-induced hypertension
focused on a few single-nucleotide polymorphisms (SNPs) in genes of the VEGF pathway.”
[6608] Despite the reported associations, none of the studies generated robust enough evidence
to use these markers in the clinic, mostly because the biomarker signal was not concordant
across multiple studies.'® Accordingly, what is needed are robust biomarkers and methods of
wdentifying patients at risk of bevacizumab-induced hypertension and/or proteinuria that can be

reproduced tn different studies.

SUMMARY

{0609} Provided herein are methods for determining risk and/or treating a subject.

{6818} In one aspect, provided herem is a method mchuding detecting a omutation in ong or
more nucleic acids in a sample obtained from a subject who is undergoing therapy or is a
candidate for therapy with a VEGF-pathway mhibitor.

{3611} In another aspect, provided herein 18 a method of predicting the risk of developing one
or more VEGF-pathway inhibitor-induced toxicities in a subject, mmcluding detecting a
mutation in one or more nucleic acids i a sample obtained from the subject who is undergoing
therapy or 1s a candidate for therapy with a VEGF-pathway inhibitor, and determining the risk
of developing one or more VEGF-pathway inhibitor-induced toxicities in the subject based
apon the presence or absence of the mutation in the one or more nucleic acids n the sample.
{6612} In another aspect, provided herein is a method of treating a subject, comprising
detecting a mutation in one or more nucleic acids in a sample obtained from a subject who s
undergomg therapy or is a candidate for therapy with a VEGF-pathway inhibitor; determining
the risk of developing one or more VEGF-pathway inhibitor-induced toxicities in the subject
based upon the presence or absence of the mutation m the one or more nucleic acids n the

sample; and modalating therapy with a VEGF-pathway mhibitor and/or providing the subject
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with one or more supportive therapics based upon the determined risk of developing one or
more VEGF-pathway inhibitor-induced toxicities in the subject.

{6613} In another aspect, provided herein 15 a method for treating or preventing a VEGF
pathway inlubitor-induced toxicity in a subject in need of treatment with a VEGF-pathway
inhibitor, the method comprising identifying the subject as having a genetic mutation that
confers a risk of developing the VEGF pathway inhibitor-induced toxicity, and treating the
subjoct with a supportive and/or prophyiactic therapy for the toxicity in addition to the VEGF-
pathway inhibitor.

{3814} In another aspect, provided herein is a method for treating a subject having a disease or
disorder, wherein the disease or disorder is indicated for treatment with a VEGF pathway
mhibitor, the method comprismg  1dentifving the subject as having a genetic mutation that
confers a risk of developing a VEGF pathway inhibitor-induced toxicity, treating the subject
with a supportive and/or prophylactic therapy to prevent or reduce the toxicity, and treating the
subject with the VEGF-pathway inhibitor.

[6015] In embodiments, the mutation is in a gene selected from the group consisting of
KCNABI, DNAHS, TRIO, RIPK4, ILI7F, ASPH, TTMA, EPB411.3 and SLC25424. In
embodiments, the gepetic mutation is a SNP. In embodiments, the genetic mutation is a
mutation that lowers expression of KONA B/ relative to wild type.

[6016] In cmbodiments, the SNP 18 selected from the group consisting of rs339947,
rs12482855, 513135230, 52350620, rs11662763, 6770663, 1408130, 1418173,
rs12482835, rs444904, and rs427554. In embodiments, the base identified at 8339947 is an
adenine, the base identified at rs12482853 is an adenine, the base identified at rs11662763 15
an adenine, the base identificd at rs408130 13 an adenine, the base identified at 13418173 s an
adenine, the base identified at rs12482853 is an adenine, the base 1dentified at £s13135230 1s
an adenine, the base identified at rs11662763 is an adenine, the base identified at rs6770663 15
a guanine, the base identified at 15444904 is an adenine, the base identified at rs427554 15 an
adenine, the base identified at rs2350620 1s a guanine, or the base identified at rs11662763 is
an adenine. In embodiments, the toxicity comprises hypertension and the SNP 1s rs677063,
wherein the base identified at rs6770663 i3 a guanine.

[G017] In cmbodiments, the toxicity comprises hypertension, proteinuria, or both. In
embodiments, the methods provided herein comprise administering a prophvlactic and/or
supportive therapy to prevent or reduce the toxicity. In embodiments, the prophylactic and/or
supportive therapy is admunistered to the patient prior to and/or concurrently with

administration of the VEGEF pathway inlubitor. In embodiments, the methods comprise
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delaying the mtiation of treatment with the VEGF pathway inhibitor until the prophylactic
and/or supportive therapy has been administered to the subject foratleast 1,2,3, 4,5, 6,7, &,
9, 10, 11, 12, 13, 14, or more days, and/or until the subject’s hvpertension or proteinuria or
other condition associated with the toxicity 18 reduced and/or resolved and/or under control. In
cmbodiments, the methods comprise adding one or more prophvlactic and/or supportive
therapy to the subject’s treatment regimen; switching the subject to a different prophylactic
and/or supportive therapy: and/or increasing the dose and/or frequency of dosing of an anti-
hypertensive agent relative to the dose administered to the subject prior to treatment with the
VEGF pathway inhibitor. For example, in embodiments, a subject may have already been
undergoing a treatment regimen with a prophylactic and/or supportive therapy for the condition
associated with the toxicity risk. In such situations, the methods may comprise adding one or
more additional prophvlactic and/or supportive therapy, switching to a different class of drug
for the prophylactic and/or supportive therapy, switching to a different drug within the same
class for the prophviactic and/or supportive therapy, and/or increasing the dose and/or
frequency of dosing with the prophviactic and/or supportive therapy, when the subject 1s
identified as being at risk of developing the foxicity upon treatment with a VEGF pathway
inhibitor.

{6618} In embodiments, the methods provided herein comprise modulating the dose of the
VEGF pathway inhibitor. For example, in embodiments, the methods comprise reducing the
total dosing amount, mg/ke dosing amount, or frequency of dosing of the VEGF pathway
inhubitor. In embodiments, modulating the dose of the VEGF pathway inhibitor comprises
starting at a dose lower than the recoromended starting dose and maintaining the low dose or
wncreasing the dose as appropriate with close monitoring for signs of the toxicity. In
embodiments, the dose modulation 1s for the duration of treatment of the VEGF pathway
inhibitor. In embodiments, the dose modulation is for a portion of the treatment with the VEGF
pathway inhibitor, tor example while symptoms of the toxicity persist. In embodiments, the
methods comprise monitoring the subject for signs and syvmptoms of the toxicity or for
worsentng severity of the toxicity.

{6819} In embodiments, the toxicity compnises hypertension. In embodiments, the methods
comprise monitoring the blood pressure of the subject, and/or monttoring the blood pressure of
the subject more frequently than the blood pressure would be monitored 1n a patient who does
not have the risk factor for the toxicity as provided herein. In embodiments, the toxicity
comprises proteimuria. In cmbodiments, the toxicity comprises monitoring for proteinuria. In

embodiments, monitoring for proteinuria comprises a urine dipstick and sulfosalicvclic acid
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[est, a 24 hour urine collection test assav, or a spot albumin or protein-to-creatiming ratio test.
In embodiments, the prophyviactic and/or supportive therapy is an anti-hypertensive agent
and/or an agent that treats or prevents proteinuria (o.g. a proteinuria medication). In
embodiments, the anti-hypertensive agent or proteinuria medication is selected from the group
consisting of loop diuretics, thiazide diuretics, thiazide-like diuretics, potassium-sparing
diuretics, calcium channel blockers, ACE inhibitors, angiotensin H receptor antagonists,
adrenergic receptor antagonists, vasodiiators, renin inhibitors, aldosterone receptor antagonists,
alpha-2 adrenergic receptor agonists, and endothehium receptor blockers.

{3620} In embodiments, the VEGF pathway inhibitor 1s any drug or therapewtic agent that
inhibits, interferes with, or aliers the VEGF pathway. For example, the VEGF pathway
inhibitor may be an antibody, an antibody-like molecule, a small molecule, a soluble protein,
a peptide, or the hike that interferes with the VEGF-VEGFR interaction. In embodiments, the
VEGF pathway imhibitor i3 selected from the group consisting of bevacizumab, bevacizumab-
awwb, bevacizumab-bvzr, ranibizumab, aflibercept, ziv-aflibercept, lenalidomide, lenvatinib,
ramucirumab, cabozantimb, pazopamb, sumitinib malate, regorafenib, axitinib, tipiracil and
trifluriding, ponatintb, vandetanib, sorafenib, everchlimus, thalidomide, temsirolimus,
interferon alfa, interferon alfa-2B, interferon alfa-N3, peginterferon alfa-2B. peginterferon
alfa-2A, thEndostatin, cediranib, semaxanib, pomalidomude, alitretinoin, miguimod,
singcatechins, vismodegib, sonidegib, pegaptanib sodium, dexamethasone intravitreal implant,
fluocinelone acetonide, conbercept, brolucizomab-dbll, selpercatinib, nintedantb, apatinib, and
motesanib, . In embodiments, the VEGF pathway inhibitor is any biosimilar, generic, salt, ester,
cther, isomer, mixture of 1somers, complex, prodrug, or denivative of any VEGF pathway
inhibitor provided herein or otherwise known in the art.

36211 In embodiments, treating the subject with the VEGF pathway mhibitor comprises
reducing exposure of the subject to the VEGF pathway inhibitor relative to the exposure of a
subject treated as provided on prescribing information (e.g., the package msert or label) for the
VEGF pathway mhibitor. For example, in embodiments, the methods provided herein comprise
delaying mitiation of treatment with the VEGF inhibitor, reducing the dose of the VEGF
inhubitor, reducing the total number of doses of the VEGY inhibitor, reducing the dosing
frequency of the VEGY inhibitor, and/or selecting a different VEGY pathway inhibitor {c.g., a
VEGF pathway mmhibitor that 1s less likely to be associated with the toxicity) or a non-VEGF
pathway inhibitor therapy in the method of treating the subject, wherein the subject has been
identificd as being at risk of developing the toxicity. In embodiments, reducing the dose of the

VEGF inhibitor comprises reducing the dose by about 5%, about 10%, about 25%, about 33%,
1 o) o 5
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about 50%, about 75%, or more relative 1o a reference dose, wherein the reference dose is the
dose provided in prescribing information for the VEGF inhibitor. In embodiments, reducing
the total number of doses of the VEGF inhibitor comprises reducing the total number of doses
by about 5%, about 10%, about 23%, about 33%, about 50%, about 75%, or more relative to a
reference total number of doses, wherein the reference total number of doses are total number
of doses provided in prescribing mformation for the VEGY inhibitor. In embodiments, the
methods comprise starting the subject on a lower dose and/or dosing trequency than the starting
dose and/or dosing frequency recommended on the package msert for the VEGE pathway
inhibitor, and titrating the dose upward fo the dose and/or dosing freguency recommended on
the package msert. o embodiments, such dosing comprising upward titrating is performed in
combmation with closc monitoring of the subject for the toxicitv. In embodiments, reducing
the dosing frequency of the VEGF inhibitor comprises reducing the dosing tfrequency to about
one¢ third, about half. or abowt three quarters as often as the dosing frequency provided

prescribing information for the VEGF inhibitor.

DEFINITIONS

[6622} Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art. In case of conflict, the
present docoment, including definitions, will control. Preferred methods and matenals are
described below, although methods and materials similar or equivalent to those described
herein can be used in practice or testing of the present disclosure. All publications, patent
applications, patents and other references mentioned herein are incorporated by reference n
their entirety. The matenals, methods, and examples disclosed herein are tlustrative only and
not intended to be himiting.

[6623] The terms “comprise(s),” “mclude(s),” “having,” “has,” “can,” “contain{s},” and
variants thereof, as used herein, are intended to be open-ended transitional phrases, terms, or
words that do not prechude the possibility of additional acts or structures. The singular forms
“a,” “and” and “the” mnclude plural references unless the context clearly dictates otherwise. The
present disclosure also contemplates other embodiments “comprising,” “consisting of and
“consisting essentially of” the embodiments or clements presented herein, whether exphicitly
set forth or not.

[6624] For the recitation of numeric ranges herein, each interveming number there between

with the same degree of precision i3 explicitly contemplated. For example, for the range of 6-



WO 2021/055089 PCT/US2020/042503

9, the numbers 7 and 8 are contemplated in addition to 6 and 9, and for the range 6.0-7.0, the
number 60, 6.1, 62, 63, 64, 65, 66, 67, 68, 69, and 7.0 arc explicitly contemplated.
Recitation of ranges of values herein are merely intended to serve as a shorthand method of
referring individually to cach separate value falling within the range, unless otherwise-
Indicated herein, and each separate value 1s mcegorporated into the specification as if 1t were
individually recited herein. For example, if a concentration range is stated as 1% to 50%, it is
mtended that values such as 2% to 40%, 10% to 30%, or 1% to 3%, ctc., arc expressly
enumerated in this specification. These are only examples of what 1s specifically miended, and
all possible combinations of numerical values between and mehuding the lowest value and the
highest value enumerated are to be considered to be expressly stated in this disclosure.

16025] The term “single nucleotide polvmorphism™ or “SNP” as used interchangeably herein
refer to a DNA sequence vanation occurring when a single nucleotide (adenine (A), thvmine
(1), cvtosing {C), or guanine {(G}) in the genome differs between members of a specics. Single
nucleotides may be changed {(substitution}, removed {(deletions) or added (insertion) to a
polynucleotide sequence. Single nucleotide polymorphisms may fall within coding sequences
of genes, non-coding regions of genes, or in the intergenic regions between genes. SNPs within
a coding sequence may not necessarily change the amino acid sequence of the protein that is
produced, due to degeneracy of the genctic code.

[66261 “Subject” and “patient” as used herein interchangeably refers to any vertebrate,
ncluding, bot not limited to, a mammal (e g, cow, pig, camel, lama, horse, goat, rabbit, sheep,
hamsters, guinea pig, cat, dog, rat, and mouse, a non-human primate {¢.g., a monkey, such as
a cynomolgus or rhesus monkey, chimpanzee, etc.) and a human). fn some embodiments, the
subject may be a human or a non-human. In one embodiment, the subject is a human. The
subject or patient may be undergoing various forms of treatment, such as with a VEGF-pathway
inhibitor. The subject may be male or female. The subject may be of any ancestry. In some
embodiments, the subjeoct is of European ancestry.

{6627} “Treat,” “treating” or “treatment” are cach used mterchangeably herein to describe
reversing, alleviating, or inhibiting the progress of a discase and/or njury, or one or more
symptoms of such disease, to which such term applies. Depending on the condition of the
subject, the term also refers to preventing a disease, and includes preventing the onset of a
discase, or preventing the symptoms associated with a discase. A freatment may be either
performed in an acuate or chronic way. The term also refers to reducing the severity of a disease
or symptoms associated with such disease prior to affliction with the disease. Such prevention

or reduction of the severity of a disease prior to affliction refers to administration of a treatment
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to a subject that is not at the time of administration afflicted with the disgase. “Preventing” also
refers to preventing the recurrence of a disease or of one or more symptoms associated with
such disease.

16028] “Therapy” and/or “therapy regimen” generally refer to the clinical intervention made
in response to a disease, disorder or physiological condition manifested by a patient or to which
a patient may be susceptible. The am of treatment includes the alleviation or prevention of
sympioms, slowing or stopping the progression or worsening of a disease, disorder, or
condition and/or the remission of the disease, disorder or condition. The term “providing” or
“administering” as used herein with relation to a therapy {¢.g. a VEGF-pathway inhibitor or a
supportive therapy ) may refer to providing to the subjoct the therapy or modulating the dose of
a therapy currently being provided to the patient. For example, providing a supportive therapy
may refer (o mcereasing the dose of a supportive therapy currently being administered to the
subject. The term “supportive therapies” and the hike may be used interchangeably herein with
“prophyiactic therapies” and the like and refers to a therapy other than the therapy with the
VEGF pathway inhibitor that prevents or controls {¢.g., reduces the severity of or resolves) an
adverse event such as hyvpertension or proteinuna. For example, the supportive therapy may be

an anti-hypertensive agent.

BESCRIPTION OF THE BRAWINGS

{6829} These and other features, aspeots, and advantages of the present disclosure will become
better understood with regard to the following drawings:

[3036] FIG. 1 shows CONSORT and guality control flowchant for CALGEB 80303, 40503,
50401, and 40502, MAF minor allele frequency, HWE Hardy-Weinberg Equilibrium.

10631} FIG. 2 shows Manhattan plots (feft) and quantile-quantile (Q-Q) plots (nght} from the
SNP-bascd association results for proteinuria, hypertension, and composite toxicity grade 2.
Composite toxicity s defined as the occurrence of either proteinuria or hypertension or both.
16032] FIG. 3 shows effect of genotypes of 15339947 and rs12482853 associated with
1511662763 associated with compostte toxicity grade 22, Composite toxicity 1s defined as the
occurrence of etther proteinuna or hypertension or both.

{36331 FIG. 4A-4C shows LocusZoom plots using 400 kb window left and right from the
variant hmits associated with bevacizamab-induced grade >2 proteinuria {FIG. 4A, top panel
and FIG 4C., top panel}, composite toxicity (FI{G. 4A, bottom panel), and hypertension (FIG.

4B and 4C., bottom panel} in SNP-based analysis. Each circle represents the p-value for one
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SNP, with the top SNP shown in purple and the SNPs in the region colored depending on their
degree of linkage disequilibrium (LD} (R*). X-axis denotes the position of the SNP in the region
on chromosome; Y-axis denotes the p-value of the association.

[6634] FIG. 5 shows Manhattan plots (Ieft) and quantile-quantile (Q-Q) plots (night} from the
SNP-based association results for proteinuria, hypertension, and composite toxicity grade >3,
Composite toxicity is defined as the occurrence of either proteinuria or hypertension or both.
[6635] FIG. 6 shows LocusZoom plots using 400 kb window left and night from the varnant
timits associated with bevacizumab-induced grade >3 proteinurnia, hypertension, and composite
toxicity in SNP-based analysis. Each circle represents the p-value for one SNP, with the top
SNP shown in purple and the SNPs in the region colored depending on their degree of linkage
disequilibrium (LD} (R?). X-axis denotes the position of the SNP in the region on chromosonie;
Y -axis denotes the p-value of the association.

{8836} FIG. 7 shows quantile-guantile {(Q-Q) plot from gene-based association results for grade
>3 proteinuria, hvpertension, and composite toxicity. Composite toxicity is detfined as the
occurrence of either protemurnia or hypertension or both.

136371 FIG. 8 shows LocusZoom plots using 400 kb window left and right from the 7777/ and
SLC235A24 limits associated with bevacizumab-induced proteinuria and composiie toxicity,
respectively, in genec-based analysis of grade >3. Each circle represents the p-value for one
SNP, with the top SNP shown 10 purple and the SNPs 1n the region colored depending on their
degree of linkage disequilibriam (LD} (R?). X-axis denotes the position of the SNP in the region
on chromosome; Y-axis denotes the p-value of the association. Composite toxicity is defined
as the occurrence of cither proteinuria or hypertension or both.

[6038] FIG. 9A provides a quality control flowchart for the TARGET study. Abbreviations:
IBS: identical by state, MAF: minor allele frequency, HWE: Hardv-Weinberg Equilibrium,
QC: quality control, SNP: single nuclectide polymorphism.

16039] FIG. 9B 15 a bar graph showing the frequency of 15444904 AA, GA, and GG genotypes
associated with sorafenib-induced hyperiension.

1604¢] FIG. 10 shows the effect of genotypes of rsd427554 associated with bevacizumab-
induced hypertension.

[0041] FIG. 11 is a graphic showing the mechanism of action of sorafenib and bevacizunab®
[0042] FIG. 12 is a graphic showing the fimction of the SP1 transcription factor.®” DNMT:
DNA methyl transferase.

10643} FIG. 13 shows the cumulative incidence of grade =2 hypertension for rs2350620 and

186770663,
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DETAILED DESCRIPTION

10644} Provided herein are methods of predicting risk and/or treating a sobject. In some
embodiments, the methods compnse detecting one or more putations in one or more pucleic
acids in a sample obtaimed trom the subject. In some aspects, the methods comprise detecting
ong or more mutations i one or more genes in a sample obtained from the subject.

{8845} In one aspect, provided herein is a method comprising detecting one or more mutations
(g, 1,2,3,4,.5 6,7 8, 9or 10 mutations} in one or more nucleic acids or genes in a sample
obtained from a subject. In some embodiments, the method further comprises determining the
risk of developing one or more VEGF-pathway inhibitor-induced toxicities in the subject based
upon the presence or absence of ong or more mutations in the one or more mucleic acids or
genes in the sample.

[6646} In another aspect, provided herem 1s a method of predicting the nsk of developing one
or more toxicities mduced by a therapeutic agent {(¢.g., a VEGF-pathway inhibitor} in a subject.
The method comprises detecting one or more mutations {e.g., 1,2, 3,4, 5,6, 7, 8 9 or 10
muiations) in one or more nucleic acids or genes in a sample obtamed from the subject, and
determining the risk of developing one or more VEGF-pathway inhibitor-induced toxicities in
the subject based upon the presence or absenee of the mutation in the one or more nucleic acids
or genes in the sample.

[6647} In another aspect, provided herein is a method of treating a subject comprising detecting
ong or more mutations in one or more nucleic acids or genes i a sample obtained from a
subject, determining the risk of developing one or more VEGF-pathway inhibitor-induced
toxicitics in the subject based upon the presence or absence of one or more mutations in the
one or more nucleic acids or genes in the sample, and modulating therapy with a VEGF-
pathway inhibitor based upon the determined risk of developing one or more VEGF-pathway
inhibitor-mduced toxicities in the subject. Modulating the therapy may ianclade, for example,
monitoning the subject for umprovement or worsening of the toxicity, administering a
supportive therapy to the subject, and/or adjusting the dose of the VEGF-pathway inhibitor,
For example, in embodiments, the present disclosure provides methods of treating a subject
comprising detecting one or more mutations i one or more nucleic acids or genes in a sample
obtained from a subject, determining the risk of hypertension or severe hypertensive crisis in
the subject based upon the presence or absence of one or more mutations in the one or more
nucleic acids or genes in the sample, and administenng to the subiect an anti-hypertensive agent

prior to or concurrently with administration of the VEGF-pathway inhibitor.
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[3648] In ancther aspect, provided herein 15 a method of treating a subject, comprising
determining the risk of developmg one or more VEGF-pathway inhibitor-mmduced toxicities in
the subject based upon the presence or absence of onc or more {e.g., 1, 2,3,4, 5.6, 7,8, 9or
10 or more mutations) in one or more nucleic acids or genes n a sample obtained from a
subject, and modulating therapy with a VEGF-pathway inhibitor based upon the determined
risk of developing one or more VEGF-pathway inhibitor-induced toxicities in the subject. in
some aspects, the method of treating a subject may be performed by one party. In other aspects,
the method of treating a subject may be performed by two or more parties. For example, the
presence or absence of one or more mutations in one or more mucleic acids in a sample may be
measured by one party and a different party could modulate therapy with a VEGF-pathway
mhibitor. For example, one party could analyze the sample to detect one or more mutations in
nucleic acids or genes and provide information regarding these mutations to enable a second
party to determine the risk in the subject and modulate therapy with the VEGF-pathway
inhibitor based upon the determined risk. Alternatively, one party could analvze the sample to
detect one or more mutations in nucleic acids or genes and determme the risk of developing
one or more VEGF-pathway inhibitor-induced toxicities based apon the analysis, and a second
party {¢.g. a physician} could then modulate therapy with a VEGF-pathway inhibttor based
upon the risk determination provided by the first party.

[6649] In an aspect, provided herein 15 a method for treating a subject having a disecase or
disorder associated with neovasculanization or angiogenesis, the method comprising
identifving the subject as having a mutation in the gene KCUNAB/; treating the subject with an
anti-hypertensive agent; and treating the subject with an angiogenesis inhibitor {(e.g., a VEGF
pathway inhibitor). In embodiments, the mutation s an SNP. In embodiments, the SNP 1
rs6770663. In embodiments, the base identified at 16770663 15 a guanine. In embodiments,
provided herein is a method for treating a population of patients with a VEGF-pathway
mhibitor, the method comprising providing a first population of paticnts who have a disease or
disorder indicated for treatment with a VEGF-pathway inhibitor; separating patients who have
the SNP 1s6770663 into a second population of patients; and treating the second population of
patients with an anti-hypertensive agent prior to or concurrently with administering the VEGF
pathway inhibitor to the subject.

[B830] In accordance with any of the aspects and embodiments described herein, the subject
mav be a mammal. In particular embodiments, the subject 1s a human. The subject may be

undergoing treaiment or a candidate for treatment with a VEGF-pathway inhibitor.
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13651] Detecting a mutation in one or more nucleic acids in the sample may comprise detecting
one or more single-nucleotide polymorphisms (SNPs) in the one or more nucleic acids in the
sample, one or more deletions, insertions, copy number variations, mversions, or dislocations;
and/or deletion of an entire gene of interest; and/or one or more mutalions in one or more genes
that affect the expression or function of a gene of interest. In some embodiments, the method
comprises detecting a single SNP. In some embodiments, the method comprises detecting two
SNPs. In vet other emboduments, the method comprises detecting threc SNPs. In other
embodiments, the method comprises detecting four SNPs, etc. In some embodiments, one or
more SNPs is located in one or more genes provided in Table 8 or Table 9. In embodiments,
the mutationg provided herein that are associated with the risk of developing a VEGF-pathway-
inhibitor-induced toxicity are present in one or more genes selected from the group consisting
of KCNABJ and ASPH.

[0032] KUNARI encodes the K' voltage activated channel subfamily 1 subunit f1 (KB1.1-
1.3) and 1t 15 highly expressed in arteries {(aorta, coronary, tibial}, and endothelial cells. Vanant
re6770663 13 located in a region of H3K4dmel enhancers in the aorta (see Table 14).

{36531 In embodiments, the present disclosure provides mutations that predispose for lower
cxpression of KUNABI. For example, the present disclosure provides methods for treating
patients with rs6770663 with a VEGF pathway inlubitor {e.g., bevacizumab), whercin the
method comprises modifving the VEGF pathway inhibitor treatment by including monitormg
for hypertension, prophylactically treating to prevent hypertension, and/or reducing the dosing
level or dosing regimen for the VEGF pathway inhibitor in view of the patient’s increased risk
of hypertension. Varant rs6770663 has a frequency of about 10% m Europeans and a global
frequency of 30%.

[3654] ASPH (aspartate P-hydroxylase) encodes the junctin protein which 1s expressed in
arteries and in endothelial cells.

{6655} In some embodiments, the SNP is selected from the SNPs provided in Table 4, Table
5, Table 6, Table 7, Table 10, Table 11, Table 12, Table i3, rs444904, rs427554, or any
combinations thereof. For example, one or more SNPs may be selected from the group
consisting of 8339947, rs12482855, rs13135230, rs2330620, 311662763, 16770663,
rs408130, 418173, 1512482855, rs444904, and 15427554, or any combinations thercof. in
some embodments, a single mutation may be detecied. In embodiments, more than one
mutation {e.g., 2, 3, 4, 3, 6, 7, 8, 9 or 10 or more mutations) may be detected. For example,
multiple SNPs may be evaluated for mutations in the subject. In embodiments, SNP rs6770663

conters susceptibility to VEGF-pathway mhibttor-induced hypertension.
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{36561 The present disclosure provides data and validation of the mutations {c.g. SNPs)
provided herein as chinically relevant biomarkers of VEGF pathway inhibitor {oxicities. For
cxaraple, the present disclosure demonstrates that mutations provided herein are biomarkers
for hypertension and/or proteinuria elicited by more than one different tvpe of VEGF pathway
inhibitor. The skilled person will understand that the results provided herein apply to any
angiogenesis irhibitor, e.g., any VEGF pathway inhibitor,

[6657} The methods described herein may involve determining the risk of developing one or
more VEGF-pathway mhibitor-induced toxicities in the subject. Any suitable toxicity may be
evaluated. VEGF mbibitor-induced toxicities mehude, for example, fatigue, asthema, weight
loss, pain, depression, pyrexia, chills, myalgia, neurclogic-sensory neuropathy, gastrointestinal
toxicities (¢.g. anorexia, decreased appetite, dry mouth, stomatitis, mucositis, nausea, vomiting,
diarrhea, constipation, Gl perforation), skin  toxicities {ecg. HFS, rash, alopecia,
depigmentation, pruritus, drv skin, wound healing complications}, cardiovascular toxicitics
{c.g. hypertension, CHF, cardiac ischenua, cerchrovascular ischemia, embolism/thrombosis,
bleeding, dyspnea, cough, pneumomnitis, dvsphonia), myelotoxicities {e.g. anemia, hemoglobin
elevation, leukopenia, neutropenia, thrombocytopenia, lvmphopenia}, metabolic abnormalities
{c.g. bilirubin, AL'T, AST, gamma-GT abnormalities, INR abnormalities, PTT abnormalities,
mcreased alkaline phosphatase, hypoalbuminemia, lipase clevation, amylase clevation,
creatining ncrease, increased uric acid, proteinuria, hvpophosphatemia, hyvpothyroidism,
nereased triglycenides, increased cholesterol, hyperglycemia, hypoglycemia, hypercalcemia,
hypocalcemia. hyponatremia), and the like.

G058 fn particular embodiments, VEGF-pathway inhibitor-induced toxicitics are selected
from proteinuria, hypertension, or both. For example, determining the nisk of developing one
or more VEGF-pathway inhibitor-induced toxicities may comprise diagnosing the subiect as
having a high nsk of developing proteinuria. In particular embodiments, the subject is
diagnosed as having a high risk of developing proteinuria when the base identiticd at rs339947
15 an adenine, the base dentified at rs 12482855 1s an adenine, the base 1dentified at rs11662763
is an adenine, the base identified at rs408130 1s an adenine, the base identified at red 18173 is
an adenine, or the base identified at rs12482855 is an adenine.

[G059] As another cxample, determining the sk of developing one or more VEGF-pathway
inhibitor-induced toxicities may comprise diagnosing the subject as having a high nsk of
developing hypertension. In particular embodiments, the subject 1s diagnosed as having a high
risk of developing hypertension when the base identified at rs13135230 1s an adenine, the base

identificd at rs11662763 is an adenine, the base identificd at rs6770663 is a guanine, the basc
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identified at red44904 1s an adenine, or the base identified at rs427554 15 an adenine. In
embodiments, the subject is determined to be of high risk of developing hypertension when the
hase identified at 16770663 is a guanne.

[6668] In some embodiments, determimng the risk of developing one or more VEGF-pathway
inhibitor-induced toxicities comprises diagnosing the subject as having a low risk of
developing hypertension. For example, the subject may be diagnosed as haviog a fow risk of
developing hypertension when the base identified at rs2330620 is a guanine.

[3861] In some embodiments, determining the risk of developing one or more VEGF-pathway
inhibitor-induced toxdicitics comprises diagnosing the subject as having a high risk of
developing either protemuria, or hypertension, or both {¢.g. composite toxicity). For example,
the subject may be diagnosed as having a high risk of developing proteinuria or hypertension
or both when the base identified at rs11662763 1s an adenine.

{0862} In some cmbodiments, the methods described herein further comprise modulating
therapy with a VEGF-pathway inhibitor based upon the risk detennined in the subject. For
example, the method may comprnise providing the subject with a VEGF-pathway inlubitor or
increasing the therapeutic dose of the VEGF pathway mhibitor when the subject 1s determined
to have a low risk of developing one or more VEGF-pathway inhibitor toxicities. For example,
the method mav comprise providing the subject with a VEGF-pathway inhtbitor or increasing
the therapeutic dose of the VEGF pathway mhibitor when the subject is diagnosed as having a
low risk of developing proteinuria, hyperiension, or both. In some embodiments, the method
may compiise lowering the dose of a VEGF-pathway inhibitor or ceasing treatment with the
VEGF-pathway inbibitor when the subject is determined to have a high risk of developing ong
or more VEGF-pathway nhibitor foxicities, such as a high risk of developing proteinunia,
hypertension, or both. In embodiments, the method may comprise starting the subject who is
determined to have a high nisk of developing one or more VEGF pathway inhibitor toxicities,
such as the high nisk of developing proteinuria, hypertension, or both, at a lower dose and/or
lower dosing frequency compared to the dose and/or regimen that 1s recommended on the
package tnsert for the VEGF pathway mhibitor, monitoring the subject for the one or more
toxicities, and titrating the dose and/or dosing frequency upwards, if appropriate based on the
monitoring for the toxicity.

[3863] In some embodiments, the methods described heren further comprise modulating
therapy with or providing the subject with one or more supportive therapies. The term
“supportive therapies” refers to a therapy other than the therapy with an anti-cancer agent {e.g.

a VEGF pathway inhibitor or other anti-cancer agent). For example, the supportive therapy
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may be an anti-hypertensive agent and/or a proteinuna medication. Suitable anti-hypertensive
agents and/or protemuria medications include, for example, diuretics, beta blockers, alpha and
heta blockers, calcium chamnel blockers, angiotensin-converting cnzyme (ACE) inhibitors,
angiotensin I receptor antagomsts (ARBs). adrenergic receptor antagonists, vasodilators {e.g.
direct vasodilators), renin inhubitors, aldosterone receptor antagonists, alpha-2 adrenergic
receptor agonists, central alpha-2 agomists and other centrally acting drugs, endothelin receptor
blockers, and the like.

[3864] In embodiments, if the subject 1s determined to be at risk of developing one or more
VEGF-pathway inhibitor toxicities, the methods provided herein comprise adding a supportive
therapy to the subject’s treatment regimen, increasing the dose and/or dosing frequency of a
supportive therapy that is already a part of the subject’s treatment regimen, and/or adding one,
two, three, or more additional supportive therapies to the subject’s treatment regimen. In
cmbodiments, the added one, two, three or more additional supportive therapics may be
different drugs in the same class as one another and/or as a supportive therapy that was already
a part of the subject’s treatment regimen; or the one, two, three, or more additional supportive
therapies may be drugs in a different class as one another and/or as a supportive therapy that
was already part of the subject’s treatment regimen. Classes of supportive therapies are known
in the art and exemplified herein, such as, for example, diurctics, beta blockers, ACE inhibitors,
angiotensin I receptor antagonists, calcium channel blockers, direct renin inhibitors, alpha-2
adrenergic receptor agonists, central alpha-2 agonists, and vasodilators,

[0865] Exemplary duuretics may be thiazide or thiazide-type diuretics. For example, the
diurctic may be chlorthalidone, hydrochlorothiazide, mdapamide, or metolazone.
Chiorthalidone or hvdrochlorothiazide may be adnunistered, for example, at a dose of about
12.5 to about 50 mg/day, once daily. Indapamide may be administered, for example at a dose
of about 1.25 to about 2.5 mg/day, once daily. Metolazone may be administered, for example,
at a dose of about 2.5 to about 5 mg/day, once daily. Exemplary diurctics may also be loop
diuretics, such as bumetanide, furosemide, or torsenude. Bumetanide may be administered, for
example, twice daily at a dose of about 0.3 to about 2 mg/day. Furosemide may be
admiuustered, for example, twice daily at a dose of about 20 to about 8¢ mg/day. Torsemide
mayv be administered, tor cxample, once daily at a dose of about 5 to about 10 mg/day.
Exemplary diuretics may also be potassium sparing diuretics, such as amilonide or tniamterene.
Amiloride may be administered, for example, once or twice datly at a dose of about 5 to about
10 mg/day. Triamicrene may be admimistered, for example, once or twice daily at a dose of

about 50 to about 100 mg/day. Exemplary diuretics may also be aldosterone antagonists, such
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as eplerenone or spironclacione. Eplerenone may be administered, for example, once or twice
datly at a dose of about 30 to about 100 mg/day. Spironolactone may be admunistered, for
example, twice dailv at a dose of about 25 to about 100 mg/day. Exemplary diurctics may also
melude thiazide/potassium-sparing combination dinretics, such as
hydrochlorothiazide/triamterene. Hydrochlorothiazide/triamtercne may be administered once
daily, for example, at a dose of about 25 mg/about 375 mg to about 50 mg/about 75 mg.
[B066] Exemplary beta blockers may be cardioselective {¢.g., atenolol, betaxolol, bisoprolol,
metoprolol (tartate), or metoprolol (succinate) extended release), noncardioselective {e.g.,
nadolol, propranclol, or long-acting propranolol), cardioselective and vasodilatory {e.g.,
nebivoloh, or intrinsic and sympathomimetic activity beta-blockers (e.g.. acebutolol,
penbutolod, and pindolol). Atenolol may be administered, for example, once ortwice daily ata
dose of about 25 to about 100 mg/day. Betaxolol may be admumstered, for example, once daily
at a dose of about 5 to about 20 me/day. Bisoprolol may be administered, for example, once
daily at a dose of about 2.5 mg to about 20 mg/day. Metoprolol (tartate) may be adnunistered
once or twice datly at a dose of about 50 to about 200 mg/day. Metoprolol (succimate) extended
release mayv be administered, for example, once daily at a dose of about 50 to about 200 mg/day.
Nadolol may be adounistered, for example, once daily at a dose of about 40 to about 120
mg/day. Propanolol may be administered, for example, twice daily at a dose of about 40 to
about 160 mg/day. Long-acting propranclol may be administered, for example, once daily at a
dose of about 60 to about 180 mg/day. Nebivolol may be administered, for example, once daily
at a dose of about 5 to about 40 mg/day. Accbutolol may be administered, for example, twice
daily at a dose of about 200 to about 800 mg/day. Penbutolo! mayv be adnunistered, for example,
once daily at a dose of about 10 to about 40 mg/day. Pmdolol may be administered, for
example, twice datly at a dose of about 10 to about 60 mg/day. Exemplary combined alpha and
beta blockers mehude carvediol, carvedilol phosphate, and labetalol. Carvedilol may be
admuinistered, for example, twice daily at a dose of about 12.5 to about 50 mg/dav. Carvedilol
phosphate may be administered, for example, once daily at a dose of about 20 to about 80
mg/day. Labetalol may be administered, for example, twice daily at a dose of about 100 mg to
about 400 mg/day.

[6067] Excmplary ACE inhibitors include benazepnl, captopnl, enalapril, fosinopril,
Lisinopril, moexipril, perndopril, quinapnl, ranupnl, and trandolapnl. Benazepnl may be
administered, for example, once or twice daily at a dose of about 10 to about 40 mg/day.
Captopril may be administered, for example, twice or three times daily at 3 dose of about 12.5

to about 150 mg/day. Enalapril may be administered, for example, once or twice daily at a dose
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of about 5 to about 40 mg/day. Fosinopril may be administered, for example, once daily at a
dose of about 10 to about 40 mg/day. Lisinopril may be administered. for example, once daily
at a dosc of about 5 mg to about 40 mg/day. Moexipril may be administered, for example, once
or twice dailv at a dose of about 7.5 mg to about 30 mg/dav. Perindopril may be adnunistered,
for example, once daily at a dose of about 2 to about 16 mg/day. Guinapril may be administered,
for example, once or twice daily at a dose of about 10 to about 80 mg/day. Ramipril may be
administered, for example, once or twice daily at a dose of about 2.5 to about 20 mg/day.
Trandolapril may be administered, for example, once daily at a dose of about 1 to about 4
mg/day.

10668] Exemplary angictensin 11 receptor antagonists imchude candesartan, eprosartan,
irbesartan, losartan, olmesartan, tehmisartan, valsartan, and azisartan. Candesartan mayv be
administered, for example, once daily at a dose of about 8 to about 32 mg/day. Eprosartan may
be administered, for example, once or twice daily at a dose of about 400 to about 800 mg/day.
Irbesartan may be administered, for example, once daily at a dose of about 150 to about 300
mg/day. Losartan may be administered, for example, once daily at a dose of about 25 to about
100 mg/day. Olmesartan may be administered, for example, once daily at a dose of about 20
about 40 mg/day. Telmisartan may be administered, for example, onee daily at a dose of about
20 to about 80mg/day. Valsartan may be administered, for example, once or twice daily at a
dose of about 80 to about 320 mg/day. Azilsartan may be administered, for example, once daily
at a dose of about 40 to about 80 mg/day.

{0869} Exemplary calcium channel blockers may be dihvdropyndines {¢.g., amlodipine,
felodipine, nifedipine long-acting, misoldipine, isradipine, and nicardipine SR) or
nondihvdropyndines {(e.g., dilttazem ER, verapamil IR, verapamil SR, and verapamil-delaye
onset ER). Amlodipine may be administered, for example, once datly at a dose of about 2.5 t¢
about 10 mg/day. Felodipine may be administered, for example, once daily at a dose of about
2.5 to about 20 mg/day. Nifedipine long acting may be adnunistered, for example, once daily
at a dose of about 30 to about 90 mg/day. Nisoldipine may be administered, for example, once
daily at a dose of about 10 to about 40 mg/day. Isradipine may be administered, for example,
twice datly at a dose of about 3 to about 10 mg/day. Nicardipine SR may be administered, for
example, twice daily at a dosc of about 60 to about 120 mg/day. Diltiazem may be
administered, for example, once daily at a dose of about 120 to about 360 mg/day. Verapamil
IR may be administered, for example, three times daily at a dose of about 120 to about 360

mg/day. Verapamil SR mavbe administered, for example, once ortwice daily at a dose of about
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120 to about 360 mg/day. Verapamil-delaved onset ER may be administered, for example, once
daily in the evening at a dose of about 100 to about 300 mg/day.

1607¢] An exemplarv direct renin indubitor s aliskiren. Aliskiren may be administered, for
example, once daily at a dose of about 150 to about 300 mg/day. Exemplary alpha-1 blockers
include doxazosin, prazosin, and terazosin. Doxazosin may be administered, for example, once
daily at a dose of about 1 to about 16 mg/day. Prazosin may be adminustered, for example, two
or three times dailv at a dose of about 2 to about 20 mg/day. Terazosin may be administered,
for example, once or twice daily at a dose of about 1 to about 20 mg/day. Exemplary central
alpha2-agonists and other centrally acting drugs include, for example, clonidine oral, clonidine
patch, methvidopa, and guantfacine. Clonidine oral may be administered, for example, twice
daily at a dose of about 0.1 o about 0.8 mg/day. Clonidine patch may be admiunustered, for
example, once weekly at a dose of 0.1 to about 0.3 mg. Methyldopa maybe administered, for
example, twice daily at a dose of about 250 to about 1000 mg/day. Guanfacine may be
administered, for example, once daily at a dose of about 0.5 10 about 2 mg/day. Exemplary
direct vasodilators include hydralazine and mnoxidil. Hydralazine may be admimistered, for
example, two or three times daily at a dose of about 100 to about 200 mg/day. Minoxadil may
be administered, for example once, twice, or threg times daily at a dose of about 5 to about 100
mg/day.

[6671] In embodiments, any two or more supportive therapies may be used m combination.
The skilled person will recognize that the decision of which agents to combine should be based
on the complementarity of mechanism of action, evidence of better antihypertensive effect of
the combination than either individual agent, and favorable tolerability of the combination. For
example, the following combinations of supportive therapies may be used in the methods
provided herein: calcium antagonist and ACE mhibitor; calcium antagonist and angiotensin
receptor antagonist; calcium antagonist {dihydropiridine) and beta-blocker; calcium antagonist
and thiazide divretic; thiazide diuretic and ACE inhibitor; and thiazide diuretic and angiotensin
receptor antagonist.

[0872} In embodiments, a newly added supportive therapy and/or an mcreased dose of a
supportive therapy may be administered prior to treatment with the VEGF-pathway inhibitor.
For example, a subject may be identified as having a high risk of developing one or more
VEGF-pathway mhibitor toxicities as provided herein, and may be administered a new
supportive therapy, and additional supportive therapy, an increased dose of supportive therapy,
and/or an ncreased frequency of dosing of a supportive therapy, for at least 1, at least 2, at

feast 3, at least 4, at least 3, at lcast 6, at least 7. at lcast 8, at least 9. at least 10, at least 11, at
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least 12, at least 13, at least 14, or more days before initiation of treatment with the VEGF-
pathway inhibitor. In embodiments, the subject 1s monitored for evidence that the risk of
developing one or more VEGF-pathway inhibitor toxicities, or that the likely severity of any
such VEGF-pathway inlubitor toxicity, has been reduced prior to initiating therapy with the
VEGF-pathway mhibitor. For example, in embodiments, the subpect’s blood pressure is
monitored and the VEGF-pathway inhibitor 1s withheld unti] the subject has been determined
to be m a safe range for blood pressure.

[B873] In embodiments, a subject has been identified as being at nisk of developing one or
more VEGF pathway inhibitor toxicities, wherein the subject’s blood pressure monitonng is
increased prior to, during, or following initiation of therapy with a VEGF pathway inhibitor,
In cmbodiments, increasing blood pressure monitoring may mean ncreasing the intensity of
monitoring. For example, increasing blood pressure momtoring may comprise increasing the
frequency of monitoring. For subjects who were not currently monitoning blocd pressure
regularly, increasing blood pressure monttoring may mean initiating ambulatory blood pressure
monitoring, and/or monitoring blood pressure more than once daily, once daily, once every 2,
3,4, 5, or 6, days, or once weekly. For subjects who were monitoring blood pressure regularty
at home, increasing blood pressure monitoring may mean initiating ambulatory blood pressure
monitoring where the subject previously onlv periodically measured blood pressure; or may
mean periodic blood pressure monitoning that 1s performed more often, for example, twice as
often. Blood pressure monitoring may be conducted at home by the subject, using single blood
pressure measurement devices and/or ambulatory blood pressure monitoring, and/or may be
conducted in a hospital or clinic. Ambulatory blood pressure monitoring 15 blood pressure
monrtoring using a device that records blood pressure antomatically and periodically over a
period of time, for example, of 12 hours, 18 howrs, 24 hours, 36 hours, 48 hours, or longer,
10674} In some embodiments, therapy with a VEGF-pathway inhibitor may be modulated and
one or more supportive therapies may be provided to the subject based upon the determined
risk. For example, the method may comprise lowering the dose of a VEGF-pathway inhibitor
and providing a supportive therapy to the subject when the subject is determined to have algh
risk of developing one or more VEGF-pathway mhibitor-induced toxicities. In embodiments,
lowering the dose of the VEGF pathway inhibitor may comprise starting the subjeoct at a lower
dose and/or lower dosing frequency compared to the recommended dose on the package insert
for the VEGF pathway inhibitor, and may forther comprise momtorning the subject for the
toxicity and/or providing a supportive therapy for the toxicity, and titrating the dose and/or

dosing frequency upwards as appropriate. In crbodiments, the method may comprse lowering
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the dose of the VEGF-pathway mhibitor and providing an anti-hypertensive agent or increasing
the dose of an anti-hypertensive agent provided to the subject when the subject is determined
to have a high risk of developing VEGF-pathway nhibitor-induced hypertension. As another
example, the method may comprise lowering the dose of the VEGF-pathway inhibitor and
providing a proteimiria medication or increasing the dose of a proteimiria medication provided
to the subject when the subject s determined 1o have a high risk of developing VEGF-pathway
inhibitor-induced proteinuria,

{38751 VEGF-pathway mhibifors may be any suitable agent, such as an antibody or a small
molecule. VEGF-pathway inhibitors include agents that inhibit any part of the VEGF pathway,
including antibodics that bind to VEGF or a VEGF receptor (VEGFR), soloble proteins that
bind to or otherwise block nteraction of VEGF and VEGFR, small molecule drugs that
miterfere with the VEGF/VEGFR interaction, and kinase inlubitors. Exemplary VEGF-pathway
nhibitors include, without limitation, bevacizumab, bevacizumab-awwb, bevacizumab-bvzr,
ramibizumab, aflibercept,  ziv-aflibercept,  lenalidomide, lenvatinib, ramucirumab,
cabozantinib, pazopanib, sunitimb malate, regorafenib, axitinib, tipiracil and tniflundine,
ponatinib, vandetanb, soraferib, everolimus, thabdomide, temsirolimus, interferon alfa,
interferon  alfa-2B, mmterferon alfa-N3, peginterferon alfa-2B, peginterferon  alfa-2A,
rhEndostatin, cediranib, semaxanib, pomalidomide, alitretinoin, imiquimod, sinccatechins,
vismodegib, somidegib, pegaptanib sodivm, dexamethasone mtravitreal implant, fluocinolone
acetonde, conbercept, brolucizomab-dbll, selpercatimb, nintedantb, apatinib, and motesanib.
VEGF-pathway inhibitors encompassed by the disclosure also melude any biosimilar, generic,
salt, ester, cther, isomer, mixture of isomers, complex, prodrug, or denvative of a VEGF-
pathway mhibitor. The skilled person will understand how to obtain preseribing information
(e.g., mformation from the product insert or approved label} for VEGF pathway mhibitors;
exeraplary prescribing information is also provided herein.

16076] In cmbodiments, the VEGF-pathway inhibitor is bevacizumab (AVASTIN) or
bevacizumab-awwb (MVASI) or bevacizumab-bvzr (ZIRABEV). Bevacizumab is a vascular
endothelial growth factor inhibitor mdicated for the treatment of metastatic colorectal cancer,
in combination with ntravenous fluorcuracil based chemaotherapy for first- or second-line
treatment; metastatic colorectal cancer, in combination with fluoropyrimidine-trinotecan- or
fluoropynmidine-oxaliplatin-based chemotherapy for second-line treatment in patients who
have progressed on a first-line bevacizumab-containing regimen; unresectable, locally
advanced, recurrent or metastatic non-squamous non-small cell lung cancer, in combination

with carboplatin and paclitaxel for fist-line treatment; recurrent glioblastoma in adulbts;
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metastatic renal cell carcinoma in combination with interferon alfa; persistent, recurrent, or
metastatic cervical cancer, in combination with paclitaxel and cisplatin, or paclitaxel and
topotecan; and cpithelial ovarian, fallopian tube, or prnmary peritoneal cancer (i) m
combination with carboplatin and paclitaxel, followed by bevacizumab as a single agent, for
stage HI or IV disease following mitial surgical resection, (11} in combination with paclitaxel,
pegylated liposomal doxorubicin, or topotecan for platinum-resistant recurrent discase who
received no more than 2 prior chemotherapy regimens, and (i1} in combination with carboplatin
and pachitaxel or carboplatin and gemcitabine, followed by bevacizamab as a single agent, for
platinum sensitive recarrent disease. Bevacizumab is admimstered intravenously and is
provided in dosage forms of 100 mg/4 mb (25 mg/mb) or 400 mg/16 mL (25 mg/ml} in a
single-dose vial.

[6677} For metastatic colorectal cancer, bevacizumab 18 administered at a dose of 5 mgks
every 2 wecks with bolas-IFL (irinotecan 125 mg/m?, flaorouracil 500 mg/m”, and leucovorin
20 mg/m” given once weekly for 4 weeks every 6 weeks); 10 mg/kg cvery 2 weeks with
FOLFOX4; or 5 mg/kg everv 2 wecks or 7.5 mg/kg every 3 weeks with fluoropynmidine-
irinotecan- or fluoropyrimiding-oxaliplatin-based chemotherapy after progression on a first-
line bevacizumab containing regimen. For first-line non-squamous non-small cell lung cancer,
hevacizumab is administered at a dosc of 15 mg/kg cvery 3 wecks with carboplatin and
paciitaxel. For recurrent glioblastoma. bevacizumab is adminmistered at a dose of 10 mg/kg
every 2 weeks. For metastatic renal cell carcinoma, bevacizumab is admanistered at a dose of
10 mg/kg every 2 weeks with interferon alfa. For persistent, recurrent, or metastatic cervical
cancer, bevacizumab is administered at a dose of 15 mg/kyg every 3 weeks with paclitaxel and
cigplatin, or paclitaxel and topotecan. For stage Il or IV epithelial ovarian, fallopian tube or
primary peritoneal cancer following mitial surgical resection, bevacizumab is administered at
adose of 15 mg/kg every 3 weeks with carboplatin and paclitaxel for up to 6 cycles, followed
by 15 mg/kg every 3 weeks as a single agent, for a total of up to 22 cycles. For platinum-
resistant recurrent epithelial ovarian, fallopian tube or primary peritoneal cancer, bevacizumab
13 admnistered at a dose of 10 mg/lkg every 2 weeks with pachtaxel, pegvlated liposomal
doxorubicin, or topotecan given every week, or 15 mg/kg every 3 weeks with topotecan given
cvery 3 weeks. For platinum-sensitive recurrent epithelial ovarian, fallopian tube, or primary
peritoneal cancer, bevacizumab is admimstered at a dose of 15 mg/kg every 3 weeks with
carboplatin and paclitaxel for 6-8 cycles, followed by 15 mg/kg every 3 weeks as a single agent;
or 15 mg/kg every 3 weeks with carboplatin and gemeitabine for 6-10 cycles, followed by 15

mg/kg every 3 weeks as a single agent.
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[3678] Artenial thromboembolic events, vencus thromboembolic events, hypertension, and
protemuria are among the adverse reactions that can occur in patients administered
bevacizumab. For hypertension, blood pressure may be monitored and paticnts may be treated
for the hypertension, e.g., with an anti-hvpertensive agent; bevacizumab may be withheld if
hypertension is not medically controlled. Bevacizumab can be resumed once controlled, but
should be discontinued for hypertensive crisis or hypertensive encephalopathy. For renal injury
and proteinuria, doctors are instructed to monitor urine protein and to discontinuc bevacizumab
for nephrotic syndrome, and withhold until less than 2 grams of protein are detectable n unne.
Presently, there is no known method for identifving patients at risk of hyperiension and/or
proteinuria prior {o treatment with bevacizumab.

16079] In cmbodiments, the VEGF-pathway inlubitor is ramibizumab. Ramibizumab
(LUCENTIS) 15 a vascular endothelial growth factor (VEGF) inlubitor, indicated for the
treatment of patients with neovascular {wet) Age-Related Macular Degeneration (AMD),
macular edema following retinal vein occlusion (RV0), diabetic macular edema (DME),
diabetic retinopathy (DR}, and myopic choroidal neovasculanzation (mCNV). Ranibizumab is
for ophthalmic intravitreal injection. For wet AMD, 0.5 mg (.05 mL) 1s recommended to be
adnunistered by intravitreal mjection once a month (approximately 28 days}. Although not as
cffective, patients may be treated with 3 monthly doses followed by less frequent dosing, or
may be treated with one dose every 3 months afler 4 monthly doses, with regular assessment.
For macular edema following RV, 0.5 mg (0.05 mL) is recommended to be administered by
intravitreal injection once a month {approximately 28 days}. For DME and DR, .3 mg (6.05
mL} is recommended to be adnunistered by intravitreal injection once a month (approximately
28 days). For mCNVY, 0.5 mg (0.05 mL)} 18 recommended 1o be mitially adnunistered by
intravitreal injection once a month {approximately 28 days) for up to threc months. Patients
may be retreated if needed. The dosage forms provided for ranibizumab are single-use prefilled
syringe or glass vials contammingl0 mg/ml solutions designed to provide 0.05 ml for
mtravitreal injections; or contaming 6 mg/mL solution (0.3 mg). There 1s a potential nisk of
arterial thromboembolic events following intravitreal use of VEGF whibitors.

{68885} In embodiments, the VEGF-pathway inhibitor is aflibercept. Aflibercopt (EYLEAYisa
vascular endothelial growth factor (VEGF) inhibitor indicated for the treatment of patients with
wet AMD, macular edema following RV, DME, and DR, For wet AMD, the recommended
dose 18 2 mg (0.05 mL} administered by intravitreal injection every 4 weeks (approximately
every 28 days, monthlv) for the first 3 months, followed by 2 mg (0.05 mlL} via intravitreal

mjection once cvery 8 weeks {2 months). Some patients mav need cverv 4 weck (monthiy)
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dosing after the first 12 weeks (3 months). Although not as effective as the recommended every
% week dosing regimen, patients may alsc be treated with one dose every 12 weeks after one
vear of effective therapy. For macular edema following RV O, the recommmended dose 1s 2 mg
{0.05 mL) administered by intravitreal injection once every 4 weeks (approximately every 25
days, monthly). For DME and PR, the recommended dose is 2 mg (0.05 mL} administered by
intravitreal injection every 4 weeks (approximately every 28 days, monthly) for the first 3
injections followed by 2 mg (0.03 m1) via intravitreal injection once every 8 weeks (2 months).
Some patients may need every 4 week (monthly) dosing after the first 20 weeks (5§ months).
Aflibercept is provided 1n dosage forms for mjection of 2 mg/0.05 mL solution m a single-dose
pre-filied syringe or a single-dose vial. As with ranibizamab, there is a potential risk of arterial
thromboembaolic events following intravitreal use of atlibercept.

[6681] In cmbodmments, the VEGF-pathway inhibitor is ziv-aflibercept. Ziv-aflibercept
{(ZALTRAP) 15 mdicated for the treatment of patients with metastatic colorectal cancer that is
resistant to or has progressed following an oxaliplatin-contaimng regimen, a vascular
endothelial growth factor inhibitor, m combination with fluorouracil, leucovorn, winotecan
(FOLFIRY). Ziv-aflibercept 1s administered 4 mg/kg as an intravenoas infusion over 1 hour
gvery 2 weeks in combination with FOLFIRI unti] disease progression or unacceptable toxicity.
Ziv-aflibercept 1s to be administered prior to any component of the FOLFIR! regimen on the
dav of treatment. Artenal thromboembolic events, hypertension, and proteinuna are among the
adverse effects that may be mduced by zif-aflibercept administration. For hypertension, doctors
may monitor blood pressure and treat hypertension; may temporarily suspend ziv-afhibercept
tf bypertension is not controlled (and upon resumption, permanently reduce to 2 mg/kg); and
may discontinue it if hypertensive cnisis develops. For proteinuria, doctors may monitor urine
protein; may sospend ziv-aflibercept for proteinuria of 2 grams per 24 howrs or more (to be
resumed when proteineria is less than 2 grams per 24 hours, and then permanently reduce to 2
mg/kg for recurrent proteinuria); and may discontinue it if nephrotic syndrome or thrombotic
microangiopathy (TMA) develops. The provided dosage forms of ziv-aflibercept arc a 100
mg/d mL (25 mg/mLl) and a 200 mg/8 mL (25 mg/mLl) solution in a single-dose vial for
mjection.

[G082] In cmbodiments, the VEGF-pathway mhibttor is lenalidomide. Lenalidomide
(REVLIMID) 15 a thalidomide analogue indicated for the treatment of adult patients with
multiple myeloma (MM}, 1in combination with dexamethasone (25 mg once daily orally on
Days 1-21 of repeated 28-day cvcles in combination with dexamethasone), MM, as

maintenance following autologous hematopoietic stem cell transplantation {auto-HSCT)
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(inittated after therapy after adeqguate hematologic recovery (ANC at least 1000/mcl and/or
platelet counts at least 75.000/mch, recommended starting dose of 10 mg ounce daily
continuously (Days 1-28 of repeated 28-day cycles) until disease progression or unacceptable
toxicity, and afier 3 cycles of mamienance therapy, the dose can be increased to 15 mg once
daily if rtolerated); transfusion-dependent ancmia due to low- or mtermediate-1-risk
myelodysplastic syndromes (MDS) associated with a deletion 3q abnormality with or without
additional cytogenctic abnormalities (10 mg once dailv}; mantle cell Fvraphoma (MCL) whose
discase has relapsed or progressed afier two prior therapies, one of which included bortezomib
(25 mg once daily orally on Days 1-21 of repeated 28-day cycles), previously treated follicular
fymphoma (FL}, in combination with a rituximab product (20 mg once daily orally on Days 1-
21 of repeated 28-day cycles for up to 12 cycles in combination with a rituxamab-product); and
previously treated marginal zone lymphoma (MZL), in combmation with a rituximab product
(20 mg once daily orally on Days 1-21 of repeated 238-day cveles for up to 12 cveles
combination with a ntuximab-product). Lenalidomide is provided as 2.5 mg, 5 mg, 10 mg, 13
mg, 20 mg, and 25 mg capsules. There is significantly increased risk of deep vem thrombosis
an pulmonary embolism as well as risk of myocardial infarction and stroke in patients receiving
REVLIMID with dexamethasone; anti-thrombotic prophylaxis is recommended.

{0683} In embodiments, the VEGF-pathway inhibitor is lenvatinab (LENVIMA). Lenvatinib is
a kinase inhibitor that is indicated for the treatment of patients with locally recurrent or
metastatic, progressive, radicactive todine-refractory differentiated thyroid cancer (DTC)
combination with everobimus, for the treatment of patients with advanced renal cell carcinoma
(RCC) tollowing one prior antiangiogenic therapy; for the first-line treatment of patients with
unresectable hepatocellular carcinoma (HCC); and m combination with pembrolizumab, for
the treatment of patients with advanced endometrial carcinoma that is not microsatellite
instability-high (MSI-H} or mismatch repair deficient (dMMR}, who have disease progression
following prior svstemic therapy and are not candidates for curative surgery or radiation.
Lenvatinib 18 available as 4 mg and 10 mg capsules. Lenvatinib is taken daily at a recommended
dosage of 24 mg orally {for DTC), 18 mg orally with 3 mg everolimus (for RTC), and 20 mg
orally with 200 mg iv. pembrolizumab (for endometrial carcinoma) For HCC, the
recommended dosage 1s based on body weight: 12 mg orally once daily for patients greater than
or equal to 60 kg and 8 mg orally once daily for patients less than 60 kg. Doses are modific
for adverse reactions as follows. For DT, the first reduction 1s to 20 mg once daily, the second
is to 14 mg once daily, the third is to 10 mg once daily. For RCC and endometrial carcinoma,

the first reduction is to 14 mg once daily, the second 15 to 10 mg once daily, the third isto 8
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mg once daily. For HCC pationts that weigh 60 kg or more, the first reduction is to 8 mg once
daily, the second reduction is t0 4 mg once daily, and the third reduction is 1o 4 mg every other
day; and for HCC patients that weight less than 60 kg, the first reduction 1s to 4 mg once daily,
the second reduction 1s to 4 mg every other day, and the third is to discontinue. Hyperiension,
cardiac dyvsfunction, arterial thromboembolic events, and proteinuria are adverse reactions that
may occur. For hypertension, blood pressure 1s monitored during treatment and lenvatinib is
withheld for grade 3 hypertension despiic optimal antihypertensive therapy. The drug can be
resumed at a reduced dose when hyperiension is controtled at less than or equal to grade 2.
Lenvatinib is discontinued for grade 4 hypertension, grade 4 cardiac dysfunction, an arterial
thromboembolic event of any grade, and nephrotic syndrome,

16084] In cmbodiments, the VEGF-pathway inhibitor is ramucitumab. Ramucirumab
(CYRAMZA) 15 a VEGFR?2 antagonist indicated as a single agent or in combination with
paclitaxcl, for treatment of advanced or metastatic gastric or gastro-esophageal junction
adenocarcinoma with disease progression on or after prior flucropyvrimidine- or platinum-
containing chemotherapy; in combination with docetaxel, for treatment of NSCLC with discase
progression on or after platinum-based chemotherapy; in combination with FOLFIRY, for the
treatment of metastatic colorectal cancer with disease progression on or after prior therapy with
bevacizumab, oxaliplatin, and a fluoropyrimidine; and as a single agent, for the treatment of
hepatocellular carcinoma in patients who have an alpha fetoprotein of 2400 ng/mL and have
been treated with sorafenib. Ramucirumab 1s for intravenous infusion (first infusion over 60
munutes and if tolerated, all subsequent infusions may be administered over 30 minutes) and is
supplied as a mg/10 mL (10 mg/mL) or 300 mg/50 mL (10 mg/ml) solution in a single-dose
vial. Patients are premedicated with an itravenous histamineg~-1 receptor anfagonist {c.g.,
diphenhydramine hydrochloride) before cach mfusion; or, for patients who have experienced
a Grade 1 or 2 IRR, premedicate with a histamine-1 receptor antagonist, dexamethasone {or
cquivalent), and acctaminophen prior to cach infusion. For gastric cancer, § mg/kg is
adminisiered every 2 weeks as a single agent or in combimnation with weekly paclitaxel. For
non-small cell lung cancer (NSCLC), 10 mg/kg 1s administered on Bay 1 of a 21-day cyele
pror to docetaxel. For colorectal cancer, 8 mg/kg 15 admimistered every 2 weeks prior to
FOLFIRL For hepatocellular carcinoma, 8 mg/kg is admimstered cvery 2 woeks. ATEs,
proteinunia, and hypertension are among the adverse cvents that may be induced by
ramuciramab administration. For the first occurrence of increased uring protein levels greater
than or equal to 2 g per 24 hours, doctors may withhold ramucirumab until urine protein level

is less than 2 g per 24 hours and resume at a reduced dose (reduce 8 mg dose to 6 mg, and 10
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mg dose to & mg). Upon a recurrence of unne protein level greater than 2 g per 24 hours
following initial dose reduction, doctors may withhold ramucirumab until urine protein level
1s less than 2 g per 24 hours and resume at a reduced dose (reduce 6 mg dose to 5 mg, and 8
mg dose to 6 mg). Ramucirumab is permanently discontinued for urine protein levels greater
than 3 g per 24 hours or nephrotic syndrome. For hypertensive adverse events, blood pressure
should be monitored and hypertension should be treated. Ramucinumab should be withheld for
severe hvpertension until it is controlled; and should be permanently discontinued if # cannot
be controlied with antthyperiensive therapy and for hypertensive crisis or hypertensive
encephalopathy

10685] In cmbodiments, the VEGF-pathway inhibitor is cabozantimb, Cabozantinib
(CABOMETYX, COMETRIQ} s a kinase inhibitor. CABOMETYX 1s indicated for the
treatment of advanced renal cell carcinoma (RCC) and patients with hepatoceliular carcinoma
(HCC) who have been previously treated with sorafentb CABOMETRYX s provided as 20
mg, 40 mg, and 60 mg tablets and is administered once daily at a dose of 60 mg orally.
COMETRIQ® is indicated for the treatment of paticnts with progressive, metastatic meduliary
thyroid cancer (MTC). The recommended dose 1s 140 mg orally, once daily, and COMETRIQ
is supplied as a 20 mg or 80 mg capsule.

16086] For both CABOMETRY X and COMETRIZ, doses can be reduced if coadministered
with strong CYP3A4 inhibitors {¢.g., ketoconazole, ritonavir, clanthromyein), or if adverse
reactions occur. For example, CABOMETRY X can be reduced from 60 mg daily to 40 mg
daily, or from 40 mg daily to 20 mg daily, and i£ 20 mg daily 1s not tolerated, CABOMETRY X
should be discontinued; and COMETRIZ daily adounistration can be reduced by 40 mg (¢ .g..
from 140 to 100, or from 100 to 60). For coadmunistration with strong CYPA34 induces,
CABOMETRYX should be inereased by 20 mg daily {(for example, from 60 mg to 30 mg daily
or from 40 mg to 60 myg daily}) as tolerated; and COMETRI(Q should be increased by 40 mg
(c.g., 140 mg to 180 mg daily or 100 mg to 140 mg dailv} as tolerated. Patients are monitored
for hypertension and protemnuria, and cabozantinib is mterrupted for hvpertension that is not
adequately controlled with anti-hvpertensive therapy; and is discontinued for hypertensive
crisis of sgvere hypertension that cannot be controlled with anti-hypertensive therapy.
Cabozantinib s discontinued for nephrotic syndrome.

[3087] In embodiments, the VEGF-pathway inlubitor is pazopanib. Pazopanib (VOTRIENT)
is a kinase inhibitor indicated for the treatment of patients with advanced renal cell carcinoma
(RCC) or advanced soft tissue sarcoma (STS} who have received prior chemotherapy. 800 mg

is administered once daily. For RCC, the minal dose reduction should be 400 mg, and
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additional dose decrease or increase should be in 200-mg steps based on mdividual tolerability.
For 8T8, a decrgase or inergase should be in 200-myg steps based on individual tolerability. The
recommended dose for patients with moderate hepatic impairment is 200 mg orally once daily
and pazopanib is not recommended in patients with severe hepatic impairment. Concomutant
use with strong CYP3A4 inhibitors should be avoided; if it 1s warranted, the pazopanib dose
should be reduced to 400 mg. VOTRIENT is provided in a dosage form of 200 mg tablets.
Cardiac dysfunction, arterial thromboembolic events, venous thromboembolic cvents,
hypertension mmcluding hypertensive cnisis, and proteinuna are among the adverse events for
which patients should be monitored. Blood pressure should be well controlled before mitiating
pazopanib.

{6688} In embodiments, the VEGF-pathway inhibitor is sunitinib. Sunitinib malate (SUTENT)
i3 a kinase inhibitor indicated for treatment of gastromtestinal stromal tumor (GIST) afier
disease progression on or intolerance to imatinib mesylate, treatment of advanced RCC,
adjuvant treatment of adult patients at high nisk of recurrent ACC following nephrectomy, and
treatment of progressive, well-differentiated pancreatic neuroendocrine tumors (pNET)
patients with unresectable locally advanced or metastatic disease. The dosage form of sunitinib
malate 18 12.5 mg, 25 mg. 37.5 mg, or 50 mg capsules. For GIST and advanced RCC, the
treatment regimaen is 50 mg orallv once daily, 4 weeks on treatment followed by 2 weeks off.
For adjuvant RCC, the treatment regimen is 50 mg orally once daily, 4 weeks on treatment
followed by 2 weeks off for nine 6-week cycles. For pNET, the treatment regimen is 37.5 mg
orally once daily, continuously without a scheduled off-treatment period. Strong CYP3A4
inhibitors such as ketoconazole may increase sunitinib plasma concentrations and
coadministraiton should be avoided. A dose reduction for to a minimum of 37.5 mg (GIST and
RCCY or 25 mg (pNET) daily should be considered if sunitinib must be co-administered with
a strong CYP3A4 mhibitor. CYP3A4 inducers such as rifampin may decrease sunitinib plasma
concentrations and coadnumistration should be avoided. A dose increase for to a2 maximum of
87.5 mg (GIST and RCC) or 62.5 mg (pNET) darly should be considered if sunitinib must be
co-admimstered with a CYP3A4 inducer. Adverse events that may occur and should be
monitored for inchude cardiovascular events, hypertension, and proteinuria.

[B089] In cmbodiments, the VEGF-pathway mhibitor is regorafenib.  Regorafenib
(STIVARGA) 15 a kinase inhibitor indicated for the treatment of patients with metastatic
colorectal cancer (CRC) who have been previously treated with fluoropyrimidine-, oxaliplatin-
and irmotecan-based chemotherapy, an anttVEGF therapy, and, f RAS wild-type, an anti-

EGFR therapy; patients with locally advanced, unresectable or metastatic GIST who have been
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previcusly treated with imatimib mesylate and sunitinib malate; and HCC patients who have
been previously treated with sorafenib. The dosage form is 40 mg tablets. The recommended
dosc is 160 mg orally, once daily for the first 21 davs of cach 28-day cvcle. If dose
modifications are required, the dose should be reduced in 40 mg (one tablet} increments; the
lowest recommended daily dose of regorafenib is 80 mg daily. Regorafenib should be
temporanty or permanently withheld for severe or uncontrolled hvpertension. For cardiac
tschemia and infarction, regorafenib should be withheld and resumed only after resolution of
acute 1schemic events.

160698] In embodiments, the VEGF-pathway inhibitor i3 axitinib. Axitinib (INLYTA) 15 a
kinase inhibitor indicated for the treatment of advanced RCC after fatlure of one prior systemic
therapy. Axitib is provided in a dosage form 1 mg and 5 mg tablets. The starting dose 18 5
myg orally twice daily. Over the course of treatment, patients who tolerate axatinib for at least
two consecutive woeks with no adverse reactions >Grade 2 {according to the CTCAE), are
normotensive, and are not receiving anti-hypertension medication, may have their dose
increased. When a dose 1ncrease from 3 mg twice daily 15 recommended, the axatinib dose may
be mcrcased to 7 mg twice daily, and further to 10 mg twice daily using the same criteria. Over
the course of treatment, management of some adverse drug reactions may requirg temporary
mitcrruption or permanecnt discontinuation and/or dose reduction. If dose reduction from 5 mg
twice daily is required, the recommended dose 1s 3 mg twice darly. If additional dose reduction
13 required, the recommended dose is 2 mg twice daily. I coadminmistration with strong
CYPA4/S inhibitors is required, the dose of axitinib should be decreased by approximately
half. Blood pressure should be well-controlled prior to inttiating axitinib therapy and patients
should be monttored for hvpertension and treated as needed. For persistent hyvpertension despite
use of anti-hypertensive medications, the axitimib dose should be reduced. Patients should also
be monitored for arterial and venous thromboembolic events, cardiac failure, and proteinuria,
For moderate to severe proteinuria, the axitimib dose should be reduced or temporarily
interrupted

[6091] In embodiments, the VEGF-pathway inhibitor 13 LONSURF. LONSURF 13 a
combination of trifluridine, a nucleoside metabolic inhibitor, and upiracil, a thymidine
phosphorylase inhibitor, and 1s indicated for the treatment of adult patients with metastatic
colorectal cancer who have been previously treated with fluoropyvrimidine-, oxalipiatin- and
irinotecan-based chemotherapy, an anti-VEGF biclogical therapy, and if RAS wild-type, an
anti-BEGFR therapy, or for the treatment of metastatic gastric or gastroesophageal junction

adenocarcinoma previously treated with at least two prior lines of chemotherapy that included
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a fluoropyrimidine, a platinum, either a taxane or irnotecan, and if appropriate, HER2?/meu-
targeted therapy. The dosage form of LONSURF® is 15 mg triffuridine/6. 14 mg tipiracit or 20
mg triffuriding/8. 19 mg tipiracil. The recommended dosage is 35 mg/m” up to a maximum of
80 mg per dose (based on the tnfluridine component) orally twice daily with food on Days |
through 5 and Days & through 12 of each 28-day cycle. Doses are rounded to the nearest 5 mg
increment. Within a treatment cycle, LONSURF 1s withheld for any of the following: absclute
neutrophil count (ANC) less than 500/mm’ or febrile neutropenia, platelets less than
30,000/mny’, Grade 3 or 4 non-hematologic adverse reaction. Afier recovery, LONSURF can
be resumed after reducing the dose by 5 mg/m*/dose. A maxinumm of 3 dose reductions are
permitied LONSURF dosage is not cscalated after it has been reduced. LONSURF s
discontinued in patients who are unable to tolerate a dose of 20 mg/m? orally twice daily.
[6692} In embodiments, the VEGF-pathway inhibifor is ponatinib. Ponatinib JCLUSIG) 15 a
kinase inhibitor indicated for treatment of adult paticnts with chronic phase, accelerated phase,
ot biast phase chronic mveloid leukemia (CML) or Ph+ ALL for whom no other tyrosine kinase
wnhibitor (TKI) therapy 1s indicated; or for treatment of adult patients with T3 151-positive CML
(chronic phase, accelerated phase, or blast phase) or T315Epositive Philadelphia chromosome
positive acute iymphoblastic leukemia (Pht ALL). The dosage form is 15 mg, 30 mg, and 45
mg tablets. The recommended starting dose 1s 45 myg taken orally once daily with or without
food. Dose modifications may be made for neutropenia and thrombocytopenia that are
unrelated to levkemia; or for hepatotoxicity or pancreatitis and elevation of lipase. The
recommended dose is reduced to 30 myg once daily when administering ICLUSIG with strong
CYP3A mhubitors. Arterial occlusion, venous thromboembolism, heart failure, hypertension,
and cardiac arrhythmias are among the adverse events that can occur. Blood pressure should
be monttored.

10693} In  embodiments, the VYEGF-pathway inhibitor 18 vandetanib. Vandetanb
(CAPRELSA) is a kinase mhibttor indicated for the treatment of symptomatic or progressive
medullary thyvroid cancer in patients with unresectable locally advanced or metastatic disease.
The dosage form 1s 100 mg and 300 mg tablets, and the dosing regimen s 300 mg once daily.
The dose can be reduced to 200 mg {two 100 mg tablets) and then to 100 mg for CTCAE Grade
3 or greater toxicities. Vandetanib should be discontinued or interrupted in the event of
ischemic cerebrovascular events, hemorrhage, heart failure, diarrhea, hypertension, and/or
reversible posterior leukoencephalopathy syndrome.

10694} In embodiments, the VEGF-pathway inhibitor is sorafenib. Soraferub (NEXAVAR) is

a kinase mhibitor indicated for the treatment of unresectable HCC, advanced RCC, and locally

29



WO 2021/055089 PCT/US2020/042503

recurrent or metastatic, progressive, differentiated thyrowd carcinoma refractory to radicactive
iodine treatment. The dosage form s 200 mg tablets. For dosing, 400 mg is administered orally
twice daily at least 1 hour before or 2 hours after a meal. Treatment should continue until the
patient is no longer clinically benefiting from therapy or until unacceptable toxicity occurs.
When dose redaction is necessary, the dose may be reduced to 400 mg once daily. If additional
dose reduction is required, vandetanib may be reduced to a single 400 myg dose every other day.
Dermatologic toxicities, cardiovascular events, and hypertension should be monitored.

[3095] In embodiments, the VEGF-pathway mnhibitor is everolimus. Everolimus is an inhibitor
of mammalian target of rapamycin (mTOR) marketed as AFINITOR, AFINITOR DISPERZ,
or ZORTRESS. AFFINITOR 13 indicated for treatment of postmenopausal women with
advanced hormone receptor-positive, HERZ-negative breast cancer in combination with
exemestane afier failure of treatment with letrozole or anastrozole; aduits with progressive
newrcendocrine tumors of pancreatic origin (PNET) and adults with progressive, well-
differentiated, non-functional neuroendocrine tumors (NET) of gastrointestinal {GI) or lung
origin that are unresectable, locally advanced or metastatic; adults with advanced RCC after
fatlure of treatment with sunitinib or sorafenib; and adolts with renal angiomyolipoma and
tuberous sclerosis complex {ISC), not requiring immediate surgery. AFINITOR and
AFINITOR DISPERZ arc indicated for the treatment of adult and pediatric patients aged | vear
and older with TSC who have subependvmal giant cell astrocyvioma (SEGA) that requires
therapeutic ntervention but cannot be curatively resected. AFINITOR DISPERZ is also
indicated for the adjunctive treatment of adult and pediatric paticnts aged 2 years and older
with TSC associated partial-onset seizures. Zortess is indicated for prophlviaxis of kidaey
transplant rejection {in combination with basiliximab, cvclosporine, and corticosteroids) or
liver transplant rejection (in combination with tacrolimus and corticosteroids}y. The dosage
form of AFINITOR 15 2.5 mg, 5 mg, 7.5 mg, and 10 mg tablets; the dosage form of AFINITOR
DISPERZ 15 2 mg, 3mg, and 5 mg tablets; the dosage form of ZORTRESS 15 .25 mg, 0.5 mg,
and 0.75 mg. For breast cancer, NET, RCC, and TSC-associated angiomyolipoma, the
approved dosage s 10 mg orally once datly. For TSC-associated SEGA, the approved dosage
is 4.5 mg/m? orally once daily, with dose adjustments to attain trough concentrations of 5-13
mg/mb.. For kidney transplantation, the starting dose is 0.75 mg orallv twice daily starting as
soon as possible afier transplantation; for liver transplantation the starting dose 1s 1.0 mg twice
daily starting 30 days after transplantation. Everclimus concentrations are monitored and

maintenance doses are adjusted to achieve trough concentrations within 3-8 ng/mL target range
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using LE/MS/MS assay method. Patients taking concomitant angiotensin-converting enzyme
{ACE} mhibitors may be at increased risk of angioedema and proteinuria.

16096] In embodiments, the VEGF-pathway inhibitor is thahidomide. Thalidomude
(THALOMID) 15 indicated for the treatment of patients with newly diagnosed multiple
myeloma (MM} in combination with dexamethasone; treatment of acuote treatment of the
cutancous manifestations of moderate io severe erythema nodosum leprosum (EMLY, and as a
maintenance therapy for prevention and suppression of the cutancous manifestations of ENL
recurrence. Thalidomide is provided in a dosage form of 50 mg, 100 mg, 150 mg, and 200 mg.
For MM, patients are administered 200 mg orally once daily, and the recommended dose of
dexamethasone is 40 mg/day on days i-4, 9-12, and 17-20 cvery 28 davs. For ENL, patients
are administered 100 to 300 mg/day for an ¢pisode of cutancous ENL and up to 400 mg/day
for severe cutaneous ENL. Dosing 1s continued until signs and symptoms of active reaction
have subsided, usually a period of at least 2 weeks. Patients should be monitored for venous
thromboembolism and ischemic heart disease (including mvocardial infarction) and stroke.
[6097] In cmbodiments, the VEGF-pathway inhibitor is temsivohimus. Temsirohmus
(TORISEL} 1s a kinase inhibitor indicated for treatment of advanced RCC. The dosage form s
a 25 mg/mL solution for injection. The recommended dose of TORISEL is 25 mg infused over
a 30-60 minute period once a week, until discase progression or unacceptable toxicity.
Antihistamine pre-treatment 18 recommended. Temsirolimus should be held for absolute
neutrophil coant (ANC) <1,000/mm"3, platelet count <<75,000/mm"3, or NCI CTCAE grade 3
or greater adverse reactions. Once toxicities have resolved to grade 2 or less, it may be restarted
with the dose reduced by 5 mg/week to a dose no lower than 15 mgfweek. The concomitant
use of strong CYP3A4 miubitors should be avoided (e.g. ketoconazole, itraconazole,
clarithromyein, atazanavir, indinavir, nefazodone, nelfinavir, ritonavir,  saquinavir,
tehithromyein, and voriconazole). Grapefruif juice may also morease plasma concentrations of
sirolimus (a major metabolite of temsirolimus) and should be avoided. If patients must be co-
administered a strong CYP3A4 inhibitor, based on phammacokinetic studies, a temsirolimus
dose reduction to 12.5 mg/weck should be considered. The use of concomitant strong CYP3A4
inducers should be avoided {(o.g dexamethasone, pheaytoin, carbamazepine, rifampin,
rifabutin, rifampacin, phenobarbital). If paticots must be co-administered a strong CYP3A4
inducer, based on pharmacokinetic studies, a temsirolimus dose increase from 25 mgiweek up
to 50 mg/weck should be considered. Patients should be momtored for protemuria and

nephrotic syndrome.
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16698] In embodiments, the VEGF-pathway inhubitor is interferon alfa. Interferon alfa
(interferon alfa-2B, interforon alfa-N3, peginterferon alfa-2B, and peginterferon alfa-2A}) is
markected as INTRON A, PEGASYS, PEGINTRON, ALFERON N, and SYLATRON.
INTRON A is indicated for treatment with hairy cell leukemia (2 million 1U/m? administered
mitramuascularly or subcutancoasly 3 times per week for up to 6 months), malignant melanoma
{20 million IU/m” as an intravenous infusion 5 consecutive days per week, for 4 weeks, with
maintenance of treatment of 10 million IU/m? as a subcutaneous injection three times per week
for 48 weeks), follicular lymphoma (5 million IU subcutancously three times per week for up
to 18 months in conjunction with anthracycline-containing chemotherapy regimen and
following compietion of the chemotherapy regimen), condylomata acuminate 1.0 mullion U
per lesion in a maximurn of § iesions in a single course; lesions are injected three tunes weekly
on alternate days for 3 weeks), ATDS-related Kaposi's sarcoma (30 million IU/m%/dose
adminustered subcutancously or intramuscularly three times per week until disease progression
or maximal response has been achieved after 16 weeks of treatment), chronic hepatitis € (3
milthion U three times per week subcutancously or mtramuscularly), and chronic hepatitis B
(in adults, 30 to 35 million IUJ per week, adminmsiered subcutancously or mtramuscularly, either
as 5 mithion 1Y daily or as 10 million U three times per week for 16 weeks; and i pediatrics,
3 million [U/m” three times per week for the first week followed by dose escalation to 6 million
IU/m? three times per week subcutaneously, for a total duration of 16 to 24 weeks). PEGASYS
13 indicated for chronic hepatitis (180 mceg per week or 1.5 meg/kg/week i adults; and 180
meg/1.73 m*xBSA per week or 60 meg/m? per week in pediatrics). Potential adverse events
include cardiovascular disorders and ischemic and hemorrhagic cerebrovascular events.

[3092] In embodiments, the VEGF-pathway mhubitor is rhEndostatin,  thEndostatin
(ENDOSTAR} 15 mdicated for HCC, NSCLC (squamous or non-squamous), postoperative
NSCLL, advanced NSCLC with EGFR mutations, solid tumors in pediatric patients, and
metastatic melanoma. For HCC, dosing i1s 30mg/d, from 5 days before radiotherapy, for 7 dayvs,
21 per cyele, with concurrent standard radiotherapy for HCC. For sgquamous NSCLC, dosing
13 13mg/m”2 for 5 days and 200 mg of pembrolizumab at day 1 in each cycle, repeating every
3 weeks till PD or unacceptable toxicities. Squamous NSCLC patients also receive carboplatin
(SU/AUC) or cisplatin (75 mg/m”) and {nab]-paclitaxel (100 mg/m?) for the first 4 cycles. For
non-squamous NSCLC, dosing is 15 mg/m” for 5 days, 200 mg of pembrolizumab at day | and
pemetrexed (300 mg/m? day 1) are given in each cycle, repeating every 3 weeks till to PD or
unacceptable toxicities. Squamous and non-squamous NSCLC also receive carboplatin

(SU/AUC) or cisplatin (75 mg/m”) and {nabj-paclitaxel {100 mg/m?) (squamous) or
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pemetrexed (300 mg/m” day 1) (non-squamous) for the first 4 cycles. For untreated stage
HIB/IV NSCLC, dosing is continuous intravenous infusion rh-endostatin at 7.5 mg/m? for 14
davs cach cvele, 21 days as one cvele, 4 cycles in total, with docetaxel or pemetrexed. For
advanced NSCLC with EGFR mutations, dosing is 15 mg CIV days 1-9, Q3W with icotinib.
For postoperative NSCLC, dosing is th-Endostatin 7.5 mg/m” days 1-14; 21 d as a cycle with
pemetrexed and cis-platinum or with docetaxel and cis-platinum. For phase Hi B/IY sqguamous
lung cancer with GP, dosing is rh-Endostatin at 7.5 mg/m”, continuous intravenous infusion for
14 days each cycle, 21 days as one cvele, 4 cycles n total with gemcitabine, cisplatin. For
advanced NSCLC with docetaxel, dosing is rh-endostatin at 7.5 mg/m”, IV onday 1-14 of each
21-28 day cycle with docetaxel. For metastatic melanoma, dosing is based on body surface area
as 15 mg/m’ rh-endostatin with cisplatin and dacarbazine.

[6108] In embodiments, the VEGF-pathway mhibitor 15 cediranib. Cedivanib (RECENTIN} 15
approved for use in cancer, including ovanan, breast, colorectal, metastatic colorectal, renal,
hung, non-small cell lung cancer, sarcoma, glioblastoma, fallopian tube, peritoneal cancer, and
triple-negative breast cancer. Dosing 1s as follows. For metastatic colorectal cancer: 20 mg
cediranb once a day in combmation with FOLFOX or XELOX chemotherapy. For recarrent
glioblastoma: 30 mg as monctherapy once daily; 20 mg once daily in combination with
lfomustine (110 mg/m”}) every 6 weeks. For recurrent, platinum chemotherapy-sensitive disease
or ovarian cancer related to mutations in BRCA genes: 30 mg once a day with 200 mg olapanb
twice a dayv. For recurrent ovaran, fallopian tibe, peritoneal, or triple-negative breast cancer:
(1) 20 mg daily and olaparib 100 mg twice dailv (BID} (2} cediranib 20 mg daily, olapanb
200mg BID; (3) cediranib 30mg daily, olaparib 200mg BID; (4) cediranib 30mg daily, olapanb
400mg BID. For advanced non-small cell lung cancer: cisplatin 80 mg/m? on day | and
gemeitabine 1250 mg/m? on days 1 and 8 of a 3-week cyele, and daily oral cedivanib at either
30mgor 45 mg.

{0101} In embodiments, the VEGF-pathway mhibitor is semaxanib. Semaxanib is a tyrosing
kinase inhibitor mndicated for colorectal cancer, solid tumors, brain tumors, kidney cancer,
melanoma, head and neck cancer, hematologic cancers, mesothelioma, soft tissue sarcomas,
breast cancer, AIDS-Related Kaposi's Sarcoma, multiple myeloma, cervical cancer, prostate
cancer, and ovarian cancer. For metastatic melanoma, 143 mg/m” semaxanib is administered
wmtravenously twice-weekly in combination with thalidomide, commencing at 200 mg daily
with intrapatient dose escalation as tolerated; or 85 or 145 mg/m” in combination with standard
irinotecan/bolus S-fluorouracil/leucovorin (AFL) for 4 weeks on/2 weeks off. For solid tumors,

semaxanib is administered at a dose of 145 mg/m’ twice weekly. For metastatic colon cancer,
o R
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semaxanib is administered at a dose of 85 or 145 mg/m” twice weekly in combination with
Huorcuraci! and leucovornn {given either weekly or daily for 5 days every 4 weeks). For
Kaposi’s sarcoma, semaxanib is administered at a dose of 65-145 mg/m” 1.v. biw for six ¢vcles
{of 29 days).

(0102} In embodiments, the VEGF-pathway inhibitor 1z pomalidomide. Pomalidomide
(POMALYST) 1s a thalidomide analogue indicated for the treatment of adult patients with
multiple myeloma (MM) who have received at least two prior therapies including lenalidomide
and a proteasome nhibitor and have demonstrated disease progression on or within 60 days of
completion of the last therapy, in combination with dexamecthasone. POMALYST s also
indicated for adult patients with AlDS-related Kaposi sarcoma (K5} after failure of highly
active antirctroviral therapy (HAART) or in patients with KS who are HIV negative. For MM,
pomalidomide is adminisiered at a dose ot 4 mg per day orally on days 1 through 21 of repeated
28-day cycles in combination with dexamethasone until discase progression. For KBS,
pomalidomide is administered at a dose of 5 mg per day taken orally on Dayvs 1 through 21 of
repeated 28-day cycles until disease progression or unacceptable toxicity. Coadministration
with strong CYP1A2 Inhibitors should be aveided, but if unaveidable, pomalidomide dosing
should be reduced to 2 mg. The dosage form of pomalidomide is T mg, 2 mg, 3 mg, or 4 mg
capsules. Deep venous thrombosis (DVT), pulmonary embolism (PE), mvocardial infarction,
and stroke may occur in patients with multiple mveloma treated with POMALYST.

16183] In embodiments, the VEGF-pathway inhibttor is alitretinoin. Alitretinoin (PANRETIN)
is a gel indicated for topical treatment of cutaneous lesions in patients with AlDS-related
Kaposi's sarcoma. Panretin gel is not indicated when systemic anti-KS therapy is required (..,
more than 10 new KS lesions m the prior month, svmptomatic lvmphedema, symptomatic
pulmonary K5, or symptomatic visceral involvement). Panretin gel should nitially be applied
two (2) times a day to cutancous K5 lesions. The application frequency can be gradually
increased to three (3) or four (4) times a day according to individual lesion tolerance. Panretin
gel is available 1n tubes containing 60 grams.

(0104} In embodiments, the VEGF-pathway inhibitor is imiquimod. Imiquimod is marketed as
ALDARA and ZYCLARA ALDARA 1s 3 5% cream supplied in single-use packets (24 per
box}, cach of which contains 250 mg of the cream, equivalent to 12.5 mg of imiquimod.
ZYCLARA s provided as a 2.5% or 3.75% cream in packets or a pump. Imigquimod 18 mdicated
for the topical treatment of climcally typical, nonhvperkeratotic, nonhypertrophic actinic
keratoses (AK) on the face or scalp in immunocompetent adults; biopsy-confirmed, primary

superficial basal cell carcinoma (sBCC) m immunocompetent adults; maximum tumor

34



WO 2021/055089 PCT/US2020/042503

diameter of 2.0 cm on trunk, neck, or extremities {excluding hands and feet), only when
surgical methods are medically less appropriate and patient follow-up can be reasonably
assured; and extemal genital and perianal warts/condyioma acuminata in paticnts 12 vears old
or older.

16103] In embodiments, the VEGF-pathway inhibitor i3 sinecatechins. Smecatechins
(VEREGEN)} 1s a 13% topical ointment indicated for the treatment of extemal genital and
perianal warts (Condylomata acununata) m immunocompetent patients 18 years and older.
VEREGEN 1s to be applied three times per day to all external genital and perianal warts.
[3106] In  embodiments, the VEGF-pathway nhibitor 15 vismodegib. Vismodegib
(ERIVEDGE) is a hedgehog pathway inhibitor indicated for the treatment of adults with
metastatic basal cell carcinoma, or with locally advanced basal cell carcinoma that has recurred
following surgery or who are not candidates for surgery and who are not candidates for
radiation. The recommended dosage is 150 mg orally once daily. The dosage form is 150 mg
capsules.

[3107] In embodiments, the VEGF-pathway inlubitor 13 sonidegib. Sonidegib (ODOMZO) 15
a hedgchog pathway nhibitor mdicated for the treatment of adult patients with locally
advanced basal cell carcinoma (BCC) that has recurred following surgery or radiation therapy,
o1 those who are not candidates for surgery or radiation therapy. The recommended dosage is
200 mg orally once daily taken on an empty stomach, at least 1 hour before or 2 hours after a
meal. Serum creatine kinase (CK) levels and renal function tests are prior to initiating
ODOMZO treatment. The dosage form is 200 mg capsules.

{3108} In cmbodiments, the VEGF-pathwav inhibitor is pegaptanib sodium. Pegaptanib
sodium (MACUGEN) is indicated for the treatment of neovascular (wet) age-related macular
degencration. MACUGEN is admunistered 1n a dose of 0.3 mg once every six weeks by
intravitreous injection into the eve. The dosage form is a .3 mg/90 ul solution in a single-use
syringe for intravitreal injection.

16109] In embodiments, the VEGF-pathway inhibitor is dexamethasone. Dexamcthasone
mitravitreal implant  (0ZURDEX) 15 a corticosteroid indicated for the treatment of macular
cdema following branch retinal vemn coclosion (BRVO) or central retinal vein occhision
(CRVQ), the treatment of non-infoctious uveitis affecting the posterior segment of the cve, or
the treatment of diabetic macular edema. The dosage form is an intravitreal implant containing
.7 mg dexamethasone in the NOVADUR solid polvmer drug debivery system.

13118} In embodiments, the VEGF-pathway inhibitor is fluocinolone acetonide. Fluocinolone

acctonide (JLUVIEN) contains a corticosteroid and 1s indicated for the treatment of diabetic

35



WO 2021/055089 PCT/US2020/042503

macular edema (BME) in patients who have been previously treated with a course of
corticosteroids and did not have a chinically significant rise in ntraocular pressure. The dosage
form is a non-biocrodable intravitreal mmplant containing 0.19 mg fluocinolone acetonide in a
drug delivery system, and 1s mtended for intravitreal mjection.

(0111} In embodiments, the VEGF-pathway inhibitor is conbercept. Conbercept (COMPAQ
SIQQ) is indicated for treatment of age-related macular degeneration (AMD) and other macular
discases, Idiopathic Choroidal Neovascularization, [Dabetic Retinopathy, Macular Edema,
Central Retinal Vemn Geclusion, Tractional Retingl Detachment, Circumscenibed Choroidal
Haemangioma, uveitis, Polypoidal Choroidal Vasculopathy, and Corneal Neovasculanzation.
For AMD and other retinal vascular disorders, conbercept may be administered at a dosg of 0.5
mg/eve monthly for 3 months followed by 0.5 mg/eve every 3 months; or just 0.5 mg/eye every
3 months without the 3 month loading period; or 0.5 mg or 2.0 mg for 3 consecutive monthly
doses, after which cither monthly or ag-needed (PRN) therapy is administered at the same
previous dose; or 0.5 mg every § weeks and |.0 mg every 12 weceks afier 3 monthly injections
as a loading phase.

16112] In cmbodiments, the VEGF-pathway mhibitor is brolacizumab. Brolucizamab-dbll
(BEOVL) 15 a2 human vascular endothelial growth factor (VEGF} inhibitor mdicated for the
treatment of AMD. BEOVU is administered by mtravitreal injection. The reconunended dose
for BEOVU 15 6 mg (0.05 mL of 120 mg/mL solution) monthly {approximately every 25-31
davs) for the first three doses, followed by one dose of 6 mg (0.05 mL} every 812 weeks. The
dosage form is a 6 mg/0.05 mi solution for intravitreal injection in a single-dose vial. There is
a potential risk of arterial thrombocmbolic events (ATE) following intravitreal use of VEGF
inhibitors

{3113} In embodiments, the VEGF-pathway inhibitor is selpercatimb.  Selpercatinib
(RETEVMO) is & kinase inhibitor indicated for the treatment of adult patients with metastatic
RET tusion-positive NSCLC, adult and pediatric patients 12 vears of age and older with
advanced or metastatic RET-mutant medullary thyroid cancer (MTC) who require systemic
therapy, and adult and pediatrie patients 12 vears of age and older with advanced or metastatic
RET fusion-positive thyroid cancer who require systemic therapy and who are radioactive
iodine-refractory {if radicactive wodne 1s appropriate}. Patients are selected for treatment with
RETEVMO based on the presence of a RET gene fusion (NSCLC or thyroid} or specific RET
gene mutation {MTC). The recommended dosage in adults and pediatric patients 12 years of
age or older is based on weight as follows. Less than 50 kg 120 mg orally twice daily; 50 kg

or greater: 160 mg orally twice daily. RETEVMO mav be administered orally twice daily
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(approximately every 12 hours) uvonil discase progression or unacceptable toxicity.
Concomitant use of strong and moderate CYP3A inhibitors should be avoided, bat if it cannot
be avoided, the RETEVMO dose may be reduced as follows. If taking 120 mg twice daily:
reduce to 80 mg twice daily with a moderate inhibitor and 40 mg twice dailv with a strong
mhibitor; if taking 160 mg twice daily: reduce to 120 mg twice daily with a moderate inhibitor
and 80 mg twice daily with a strong inhibitor. Concomitant use of a PPI, a histamine-2 (H2)
receptor antagonist, or a locally-acting antacid with RETEVMO should be avoided, but if ot
cannot be avoided, RETEVMO may be administered with tood and/or 2 howrs before or 10
hours after an H2 receptor antagonist; or 2 hours before or 2 hours after a locally-acting antacid.
Dosing may also be reduced for severe hepatic impairment. The dosage form s 40 mg and 80
mg capsufes. RETEVMO should not be mnitiated in patients with uncontrolied hypertension.
Biood pressure should be monitored and RETEVMO should be withheld, reduced in dose, or
permanently halted based on severity.

{3114} In embodiments, the YEGF-pathway mnhibitor 1s nintedanib (OFEV). Nintedanib is a
kinase mhibitor mdicated for treatment of idiopathic pulmonary fibrosis (IPF), treatment of
chronic fibrosing interstitial lung diseases (ILDs} with a progressive phenotype, and for
slowing the raie of decline in pulmonary function in patients with systemic sclerosis-associated
mierstitial lung diseasc. Nintedanib is administered at a dose of 150 mg twice daily, about 12
hours apart. The dosage form is 130 mg or 100 mg capsules. Arterial thromboembolic events
have been reported. Caution should be taken when treating patients at higher cardiovascular
risk including known coronary artery discase. Treatment mav be interrupted in patients who
develop signs or symptoms of acute myocardial ischomia. For paticnts with mild hepatic
wmpairment, the dose may be modified to 100 mg twice daily approximately 12 hours apart. In
addition to symptomatic treatment, if applicable, dose reduaction or temporary interruption may
be indicated for the management of adverse reactions, untid the specific adverse reaction
resolves to levels that allow continuation of therapy. Treatment may be reswmed at the finll
dosage (150 mg twice daily), or at the reduced dosage (100 mg twice daily), which
subseguently mav be increased to the full dosage. If a patient does not tolerate 100 mg twice
daily, treatment with nintedanib may be discontineed. Dose modifications or interraptions may
be necessary for liver enzyme clevations. Liver function tests (aspartate aminoiransferase
{AST), alanine aminotransterase (ALT), and bilirubin) may be conducted prior to mitiation of
treatment with nintedanib, at regolar intervals dunng the first three months of treatment, and
periodically thergafter or as chinically indicated. In patients who report symptoms that may

mdicate liver tjury, including fatigue, anorexia, right upper abdominal discomfort, dark urine
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or aundice, Hver tests may be measured promptly. In patients with AST or ALT greater than 3
times the upper himit of normal {ULN}) with signs or symptoms of liver injury and for AST or
ALT elevations greater than 5 times the upper limit of nommal, treatment may be discontinued.
For AST or ALT greater than 3 times to less than § times the ULN without signs of hiver
damage, treatment may be interrupted or reduced to 100 mg twice dailyv. Once hiver enzymes
have returned to baseline valucs, treatment may be reintroduced at a reduced dosage (100 mg
twice datly), which subsequently may be increased to the full dosage (150 mg twice dailv).

[3115] In embodiments, the VEGF-pathway inhibitor is apatinib. Apatinib is indicated for
treatment of advanced or metastatic gastric carcinoma, metastatic breast cancer, advanced
hepatocellular carcinoma, metastatic colorectal cancer, esophageal cancer {(advanced
csophageal squamous cell carcinoma), and ghoblastoma. Apatinib generally may be
adminisiered at a dose of 750 mg once daily. Other possible doses include 250, 500, 750, 850,
and 1000 mg once datly. For advanced or metastatic gastric carcinoma, apatintb may be
administered at a dose of 830 mg once daily or 425 mg twice daily. For advanced progressed
tung adenocarcinoma patients with EGFR-TKI resistance, apatinib may be administered at a
dose of 500 mg/m” per day for 21 consecutive days alone or in combination with traditional
chemotherapy drugs pemetrexed (30 mg/m®, once every 21 days) and docetaxel (75 mg/m?,
once every 21 days). For metastatic colorectal cancer, apatinib may be administered at a dose
of 125 mg, 250 mg, 500 mg, 850 mg once per day, alone or in combination with other agents
neither 21 or 28 day cveles. For advanced esophageal squamous cell carcinoma, apatimb may
be administered at a dose of 500 mg daily in a 28 day cvcle, which may be reduced to 250 mg.
[3116] in embodiments, the VEGF-pathway inhibitor 1s motesantb. Motesanib s indicated for
thyrowd cancer (progressive or sympiomatic, advanced or metastatic meduliary thyroid cancer;
progressive  differentiated  thyroid cancer), non-small eccll hmg cancer (advanced
nonsquamous), gastrointestinal stromal cancer, colorectal cancer, breast cancer (HER2-
negative locally recurrcnt or metastatic breast cancer), persistent or recurrent ovarian cancer,
fallopian tube and primary peritoneal carcinomas, advanced solid tumors, and low-grade
newroendocrine tumors. For advanced nonsguamous non-small-cell lung cancer (NSCLCY,
motesantb may be administered at a dose of 125 mg once daily, or 75 mg twice datly {5 days
on/Z2davs off}, both with carboplatin (AUC, 6 mg/ml min} and paclitaxel {200 mg/m?2} for up
to six 3-week cyveles. For HERZ-negative locally recurrent or metastatic breast cancer:
motesamib 125 mg orally once per day with paclitaxel (90 mg/m 2 on days 1, 8, and 15 every
3 weeks). For progressive or symptomatic, advanced or metastatic medullary thyrowd cancer,

progressive differentiated thyroid cancer, advanced solid tumors, and for persistent or recurrent
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ovanan, fallopian tube, and primary perttoneal carcinomas, motesanib may be administered at
adose of 125 myg daily. For ow-grade neurcendocring tumors, motesanib may be administered
at a dose of 125 mg once daily in combination with octreotide-LAR (30 mg administered on

dav I of each cvcle 28-day cvele).

{6117} VEGF-pathway inhibitors may be admimstered in combination with one or more
additional anti-cancer therapics. For example, VEGF-pathway inhibitors may be adnunistered
in combination with surgical therapy, radiation therapy, chemotherapy, immunotherapies {e.g.
checkpoint inhibitors, adoptive cell transfer, antibodies, vacecines, cvickines, ete}, targeted
therapies {e.z. small-molecule drugs, antibodies), hormone therapy, stem-cell transplant, and
the like. The subject may be a candidate for or currently provided with any suitable combmnation
of therapies prior to determination of risk of VEGF-inhibitor toxicities mn the subject. Any
suitable combination of therapies {¢.g. VEGF-mnhibitors, other anti-cancer therapies, supportive
therapies, or any combination thereof) may be provided to the subject following determination
of risk m the subject.

[3118] Any of the therapies described herein {c.g. VEGF-pathway inhibitors, supportive
therapies, other anti-cancer therapics) may be provided by any suitable route. For example, the
therapy may be provided orally. Alternatively, the therapy may be provided parenterally.
Suitable doses and modes of administration may be determined based upon varous factors,
meluding the age, sex, weight, health of the subject, other medications being administered to
the subject, and the like, using routine techniques known in the art.

[3119] Bv way of example and not of hmitation, examples of the present disclosure will now

be provided.

EXPERIMENTAL EXAMPLES
Example 1

[0128] The objective of the current study was to perform a GWAS of four randomized phase
IEE chimical trials from the Cancer and Leukemia Group B (CALGB, now Alliance for Clinical
Trials in Ouncology, Alliance) to wdentify novel genes and genetic variants that showed a
consistent nsk of toxicity across the ditterent studies.

Methods

Patients and randomized, phase I clinical trials
[6121} CALGB 80303 was conducted in advanced pancreatic cancer patients treated with

gemcitabine and either 10 mg/kg bevacizumab or placeho. CALGB 40303 was conducted in
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hormone receptor-positive advanced-stage breast cancer patients treated with letrozole and
cither 15 mg/kg bevacizumab or placebo. CALGB 90401 was conducted in metastatic
castration-resistant prostate cancer paticnts treated with docetaxel/prednisone with either 15
mg'kg bevacizumab or placebo. CALGB 40502 was conducted m locally recurrent or
metastatic breast cancer patients treated with either nab-paclitaxel, ixabepilone, or paclitaxel,
all adnunistered in combination with 10 mg/kg bevacizumab. Patient eligibility, characteristics,
stratifications, treatments, and the mecthods to detect progression of disease have been
previously described.
Toxicity

16122} Proteinuria and hypertension were recorded according to Comunon Toxicity Critena for
Adverse Events {CTCAE) version 3.0 (Table 1), per protocol. The composite toxicity is
defined as the occurrence of either proteinuria or hypertension or both. For CALGE 40502,
data on proteinuria and composite toxicity were not available. Urine protein levels were
measuwred on day 1 and cverv four weeks afier starting treatment in CALGEB 80303; on day 1
of the 1® cvele and up to 5 days before or on the day of treatment for subsequent cvcles in
CALGB 40503, and within 48 hours prior to every treatment cycle in CALGB 90401, Blood

pressure was obtained on day 1 of each cyele in all trials, and plus on day 15 1n CALGB 80303,

Table 1. Hypertension and proteinuria grades of toxicity according to Common Toxicity
Criteria of Adverse Eveats (CTCAE) v3.0,

Urine dipstick test result: 1+ (15-30 mg/dL), 2+ (100-300 mg/dL), 3+ (300-1000 mg/dL), and
4+ 1000 mg/dL). WNEL within normal hmits.

Toxicity Grade | Grade 2 Grade 3 Grade 4 Grade 8
Proteinuria I+or 2+t0 3+or | 4tor Nephrotic Death
0.15-10g/24 1 >1.0-35 >3.5g/24 | syndrome
hrs g/24 hrs hrs
Hypertension | Asymptomatic, | Recurrent or | Reguiring | Life- Dicath
transient persistent more than | threatening
{<24 hrs) (=24 hrs)or | one CONSEQUEnces
increase by symptomatic | drug or {cg,
>20 mcrease by | morg hypertensive
mmHg >20 mmHg | intensive | crisis}
{diastolic) or {diastolic) or | therapy
to to >150/100 | than
>150/100 1f if previousty | previously
previously WINL;
WL, monotherapy
intervention may be
not mdicated
indicated
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{3123} Bevacizumab-related toxicity was defined as the occurrence of toxicity (grade >2 or
grade >3 of hypertension, proteinuria, or cither proteinuna or hypertension — composite
toxicity} after the start of treatment. Only toxicitics with aftribution of “possibly related” or
higher were included. The occurrence of treatment-terminating events was used for censoring,
as they determined the exit of the patients from the trial. Treatment-termunating events included
death, discase progression, other toxicities defined per protocol, withdrawal of consent, loss to
follow up, or unknown recorded events. The time to event was reconstructed manually for cach
paticnt 10 each study, as performed previously. The time o event was calculated as the time
from the first administration of bevacizumab to the first date of experiencing the toxicity of
interest, or other treatment-terminating events, whichever occurred first,
(Fenotyping and quality conirol

[6124] DNA for genotyping was obtained from peripheral blood. The genotyping platforms
used m each study are described in Table 2, and the number of SNPs used for analysis after
quality control ((QC) arc described 1n FIG. 1. Additional information on the quality control

procedures can be found in the individual publications of the GWAS data.

Table 2. Patients of Furopean ancestry treated with bevacizumab used in the GWAS data.
CALGE Cancer and Leukemia Group B, SD standard deviation, composite toxicity 1s defined

as the occurrence of either proteinuria or hypertension or both.

CALGB trial 80303 40503 90401 43502
n=154 n=105 n=316 n=4685

Age Mean (SD) 64.1 (10.2 68.4 (8.3) 56.8 (11.7; 57.2 (107}

Gender  Male 80 0 316 0
Female 64 105 0 466
Cancer type Advanced Hormone recepior- Metastatic castration- Recurrent or
pancreatic cancer positive advanced- resistant prostate metastatic breast

stage breast cancer cancer cancer

Treatment Gemcitabine 1,000 Letrozole 2.5 mg Docetaxel 75 mg/m”  Paclitaxel 90 mg/m’or
ma/m’° on days 1, oraily/day plus either in combination with nab - pachitaxet 150
8, and 15 pius placebo or predriisone 5 mg mg/m’ or ixabepilone
either placebo or bevacizumab 15 oraily on day 1 plus 16 mg/m’ on days 1,
hevacizumab 10 mg/kg every 21 days either placabo or 8, and 15 pius
mg/kg on days 1 bevacizumab 15 bevacizumab 10
and 15 mg/kg every 21 davs  mg/kg on days 1 and
15
Genotype platform Humina Humina Human Hiumina Humina Human
HumanHap5h50- OmniExpressExome-8  HumanHap6l0-Guad  OmniExpressExome-
Quad
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Gradez2 Gradez3 Grade2? Gradez23 Grade=2 Gradez3 Gradez2?2 Gradez23
Hypertension (n, %) 26 (169}  19(123) 53 (B0S)  28(276) 47 (150 22(7.0) 143307 50 (107
Proteinuria {n, %) 26 (16.9) 5 (5.8) 32 (30.5) 10(8.5) 20 (6.4 5(1.6) -
Composite toxicity {n, %} 43 (27.89) 26 (1698) 73(685) 34{324) 61194 26 (8.2}

Statistical Analysis

SNP-based association tesiing
10125} The association between SNPs and toxicitics {(grade >2 or grade >3) wag tested m
genetic European patients in the bevacizomab arm. Ethnicity information was determined by
cstimating the genetic ancestral ongin of patients using the principal components analvsis
software implemented m Eigenstrat. A cause-specific Cox model, where the ontcome is defined
as the pair of ime event and the censoring ndicator, was fitted to obtain the estimate of the
SNP effect {(and the corresponding standard error estimate) on toxicity in each individual stady.
The analyses were powered agamst an additive genetic model. The inverse vanance formula
was used to combine the SNP effect in each study to obtain the estimate (B) of the SNP-toxicity
association and its standard error. The heterogeneity across studies was examined by the
Cochran’s test {(no heterogeneity was detected). Cox analyses for gach vanant, adjusting for
age and gender, were performed by adding those varnables as covanates in the model. The
reported results are unadiusted, unless stated otherwise. The reported p values are not corrected
for multiple compansons. Quantile-quantile (Q-Q) plots were generated.

Gene-based association tesiing
[3126] Under the same model described above, a gene-based analysis was also performed.
First, all the human protein-coding genes were mapped to SNPs according to the location of
SNPs with a margin equaling 50 by using the R package “saplist”. Nexi, the cause-specific
Cox model was fitted to obtain the score statistics for SNP by toxicity association in cach study.
Last, the Sequence Kemel Association Test (SKAT) was used to combine the SNP-level test
statistics. This method allowed for different divections of the SNP effect in a gene and could
accommodate also common alleles. From the SKAT test, the weighted quadratic statistics were
computed using the MASS software, with p-values determined by the re-sampling method. The
reported results are unadjusted, unless stated otherwise. The reported p values are not correcte
for multiple comparisons. Q-G plots were also generated for this analysis.

Functional annotation of variants
{6127} Functional annotation of SNPs and genes was performed using the SCAN database.
Yanants were analyzed by the LDlink web-based application for analyses of linkage

disequidibrium (LD} UCSC Genome Browser (htip:/genome ucsc edu/}, RegulomeDB and

42



WO 2021/055089 PCT/US2020/042503

Haploreg v4 were used for functional inference. The Genotype-Tissue Expression project

(GTEx v7) and NephQTL were used for expression quantitative trait loct (eQTL) analyees.

Resalts
16128} A total of 1,041 cancer patients of European ancestry treated with bevacizumab with
available genotyping information were included in the study. The characteristics of patients
from cach tnal, as well as the prevalence of toxicities, are shown in Table 2. Grade 22
hypertension (13.0%-50.5%} was more prevalent than grade 22 proteinuria {5.4-30.5%). The
prevalence of either grade >2 proteinuria or grade =2 hyperiension {composiie toxicity} was
19.4-69.5%. Considering onlv the patients who had both toxicities, the prevalence was 1.9%-
11.4%. The prevalence of these toxicities was higher in female patients in the breast cancer
studics (CALGB 40502 and 40503) than in male patienis in the prostate cancer study (CALGB
00401). A higher prevalence was also observed in fomales compared to males in the pancreatic

cancer study (CALGE 80303) (Table 3).

Tabile 3. Prevalence of hypertension and proteinuria in CALGB 80303 by gender.

Composite toxicity 18 defined as the occurrenee of either proteinuria or hypertension or both.

Grade 2 2 Grade 3
Female Male Female Male
{n=64} {n=90} {n=64) {n=20}
Hypertension {n, %} 14 {21.9) 12 {13.3} 9 (14.1) 1011
Proteinuria {n, %) 11{17.2} 15 {16.7} 6 (9.4} 34{3.3)
Composite toxicity {n, %) 20{31.2} 23 {25.6) 14{21.8} 12 {13.3}

Variants and genes associated with bevacigumab-induced proteinuria
[3129] For the SNP-based analysis of grade 22, the Manhattan and Q-Q plots are shown in
FIEG. 2. 90 variants were identified as associated with bevacizumab-induced protemuria {Table
4).
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[6138] Fifty-nine out of 90 variants had the same direction of effect {cither reduced or

Ay

increased nisk) in at least two out of the three studies {cutoff p<lix10™}. The top ten most

statistically significant varants of that list are shown in Table 5.

Table 5. Ten most statistically significant variants, according to snadjusted p values,
associated with grade >2 proteinuria, hypertension and composite toxicity with the same
direction of effect {either reduced or increased risk} in at least two out of three trials for
proteinuria and composite toxicity, and three out of four trials for hypertension. Ch
chromosome, NA Intergenic SNP, M4 F minor allele frequencies in CALGEB 80303, 40503,
33401, and 48502 respectively, *_” SNP not present in the genotype platform of the trial,
“” data on proteinuria were not available, Composite toxicity is defined as the scgurvence
of either proteinuria or hyperiension or both.

PCT/US2020/042503

Shp Ch Gene Feature Flanking gene  Flanking gene Base MAF Effect prvaiue
chang size
& {8
Proteinuria
r$338847 5 NA NA DNAHS TRIO C>A 0.12/_j0.14/. 1.27 7.66x108
rs12612153 2 C20rf34 intron PREPL LOCTO00130802  A>C A0 1.18 3.89x10°
157180310 15 NA NA SNORD116-24  SNORD116-25 C>A 0.06/0.05/ /. 1.54 4.10x10°8
1312482858 21 NA NA RiIPK4 PRDM1S G>A 0.06/0.06/0.06/. 1.20 6.28x10°
13408130 5 NA NA DNAHS TRIO G>A 0.21/_/0.28/. 1.07 6.33x10°
1s418173 5 NA NA DNAHS TRIC G>A 0.21/_/0.28/. 1.07 6.33x10°
1s7859783 12 NA NA MDM1 LOCT29376 A>G  0.31/026/03%. 072  7.01x10°
LOC33886 0.10/_/0.c9/. 1.18 7 4gx10®
1627761 11 7 Intron DDX25 CDON A>G
152688984 3 SLC12A8 {niron HEGT ZNF148 G>A 0.13/0.14/0.14/. 0.8z 8.13x10°
rs10488445 7 OSBPL3 intron OFNAS CYCS A>G 0.42/0.35/0.38/. 0.75 1.47x10°
Hypertensio
0
0.27/0.28/0.25/0 0.46 1.26x10°%
813135230 4 NA NA CCDC149 L2 G>A 28
0.32/0.28/0.32/0 -0.48 1.44x10°%
152350620 8 ASPH iniron hCG_ 1888300 LOCE45551 A>G 32
0.09/0.08/0.08/0 0.57 4.79x10°
1887706883 3 KCNART iniron LOCT51837 S8R3 A>G 09
0.33/0.32/0.34/0 0.39 5.10x10°
151145786 NA NA MAP3KT LOCT00729847 A>G 33
157130724 1 NA NA LRRC4C LOC{00131020  C>A 0.35/0.30/_/0.33 0.42 147x107°
0.13/0.15/0.14/0 0.49 1.89x10°
1$2179218 20 PTPRT intron LOCE43172 PPRIAL 5>A A3
0.44/0.46/0.4710 0.38 2.28x10°
rs10519828 5 NA NA LOCE44659 LOCTI00130651 G>A A7
0.23/0.19/0.18/0 0.43 2.59x10°
151530837 15 PLAZG4E Intron EHD4 PLAZG4D A>G A7
0.44/0.43/0.50/0  -0.37  3.48x10°%
1$2000611 14 KCNK10 intron KCNK10 SPATA7 A>G A48
0.20/0.25/0.23/0 0.38 3.74x108
154611282 12 NUP37 iniron CCDCE3 C120if48 G>A 23
Composite toxicity
1$11862763 18 NA NA LOCE45355 TTHMA G>A 0.14/0.11/0.13/. 067 g.19x107
(sBON6E48 14 NA NA LOC730121 GALC G>A 0.27/0.28/0.28/. 0.58 2.33x10°
152456781 10 NA NA LOC729184 cDC2 C>A 0.35/_j0.34/. 0.72  2.80x10°
r$1000032 2 NA NA KIAATT 1S EvXz C=A 0.13/0.18/0.18/. 0.62 3.21x10®
152687640 7 CPVL Intron KIAADG44 LOCID0131724 G>A 0.086/_/0.08/. 1.03 3.55x10¢
1$9310707 3 CNTN4 intron LOC727810 LOCT00130346  G>A 0.37/0.37/0.36/. 0.53 4.03x10°
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1313156044 5 DNAHS {niron L0C381738 TRIC G>A 0.15/0.41/0.114. 0.60 8.81x10%
rs12328055 2 NA NA FSHR LOC130728 GrA 0.08/_/0.G51. .98 g.1oxi0®
134799389 18 DTNA {niron L 00846842 MAPRER2 A>G 0.20/0.20/0.18/. 0.59 1.14x10°
152757481 1 DONM3 Intron  LOCT00728178 [LOCI00131486  G»A 0.06/_/0.06/. .90 1.21x10%

{31317 rs339947 (C>A) minor allele frequency, MAF 0.12-0.14) was the most statistically
significant (p=7.66x10-8, P=1.27), with the A allele increasing the risk of proteinuria (Fi1G. 3).
15339947 is an intergenic varant located 73 kb 57 trom DNAHS and 130 kb 57 from TRIO
(FIG. 44). rs408130 and 154 18173 {(G>A and MAF 0.21-0.28 for both) are among the ten most
statistically significant variants and in complete LD with each other (R*=1.00) and in moderate
LD with rs339947 {(R*=0.51). rs12482855 (G>A, MAF 0.06) had the same direction of effect
in all three trials (p=6.28x10, B=1.20), with the A allele increasing the risk of proteinuria
(FIG. 33 1512482855 18 4.7 kb 5°from RIPK4, an intergenic variant and does not have any
variant in high LD (r>>0.8) with it (FIG. 4C).

103132} For the SNP-based analysis of grade 23, the Manhattan and -Q plots are shown in
FIG. 5. 67 vanants were identified as associated with proteinuria. Results are shown in Table

6.
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[63133] Forty-ning out of 67 vanants had the same direction of effect {(either reduced or
increased risk) in at least two out of the three studies {cutoff p<ix10™). The top ten most
statistically significant variants of that list are shown in Table 7. rs2303028 (G>A, MAF 0.16-
0.20) was the most statistically significant (p=5.75x107", p=1.57), with the A allele increasing
the risk of proteimuria. rs2303028 15 an intronic vartant in ANXA6 (FIG. 6). rs3792775 (G>A
and MAF 0.21-0.25} was the next most statistically sigmificant variant (p=1.56x10-6, f=1.49),
also located in intron of ANXAS and in moderate LD with rs2303028 (R*=0.77) (FIG. 6). with
the A allele mereasing the nisk of proteinuna. rs12636883 (A>0G, MAF 0.05-0.10) also had the
same direction of effect in all three trials (p=5.57<10°%, B=1.49), with the A allele increasing

the risk of proteinuria. rs12636883 s an intronic variant in NPHPS (FIG, 6).

Table 7. Ten most statistically significant variants, according to wnadjusted p values
grade >3, associated with proteisuria, hypertension and compesite toxicity with the same
direction of effect {either reduced or increased risk) in at least two out of three trials for
proteinuria and composite toxicity, and three out of four trials for hypertension. Ch
chromosome, VA Intergenic SNP, M4 F minor allele frequencies in CALGB 80303, 40503,
90401, and 40502 respectively, “ " SNP not present in the genotype platform of the trial,
“” data on proteinuria were not available, Composite toxicity is defined as the scgurvence
of cither profeinuria or hypertension or both,

PCT/US2020/042503

Snp Ch Gene Feature Flanking gene Flanking gene Base MAF Effect p-value
change size (B}

Proteinuria

52303028 5 ANXAL intron TNIPT CCDess G»A 0.15/0.20/0.186/. 1.57 R.75x107
r$3792775 5 ANXAE intron TNIPT CCoess G>A 0.25/0.24/0.21/. 1.45 1.56x106
rs17525472 1% NA NA DMIXL2 5€G3 A>G 0.14/_/0.12/. 1.98 2.05x10°%
rs6772533 3 EPHBI intron LOC645218 FPPP2R3A A>G 0.05/0.10/0.07/. 1.85 5.31x10¢
rs13188246 2 NA NA "OL5AZ KRT18P19 A»G _/0.06/0.08/. 1.68 2.86x10°6
rs12636883 3 NPHP3 intron UBAS NCRNAODLIS C>A 0.13/0.13/0.15/. 1.45 5.57x106
rs2070492 3 SLC22A14 Missanse SLEC22A13 XYLB G>A 0.09/0.10/0.10/. 1.77 1.04x10°°
rs7341475 7 RELN intron SLC26A5 ORCSL G>A 0.16/0.11/0.15/. 1.66 1.07%10%
r56434309 2 NA NA "OL3AZ CoOL5AZ A 0.08/0.08/0.15/. 1.47 1.22x10°
rs2105632 11 OPCML intron HNT LOCI0G128085 A>G 0.14/0.14/0.13/. 1.61 1.36x10°

Hypertension

rs4782946 16 ATP2C2 intron WFDCI KIAALIGO9 G>A 0.37/0.38/0.37/0.43 0.66 3.09x107
rs17438525 14 AKAPE tntron MTCO1PZ NPAS3 G>A 0.36/0.40/0.38/0.40 -0.72 2.08x10°
rs1530837 1% PLA2GAE intron EHDG PLA2GAD A>G 0.23/0.1%/0.18/0.17 (.86 4.87x10°6
rs11863277 16 ATP2C2 intron WFDCE KIAA1609 G2A 0.20/0.17/0.19/0.22 0.63 5.23x10°6
rs1171065 13 DCLKI intron NBEA SOHLHZ ASC 0.19/0.26/3.19/0.21 0.62 5.73x10°6

1670362 18 NA NA VAPA APCDDI G>A 0.18/0.14/0.11/0.12 0.57 6.10x10°6
r$2665917 8 NiBP intron C8oifi7 LOCI00131910 G>A 0.44/0.48/0.47/0.47 0.63 7.13x10¢
rs1G967306 9 VLDLR intron FLI35024 KCNV?2 G>A 0.07/0.07/0.09/0.08 (.87 8.16x10¢
r51320881 8 NA NA LOCI00132107 ADAMZ2E GoA 0.24/0.18/0.21/0.24 0.61 9.86x106
rs4691370 4 NA NA hCG_ 1814936 PDGFC A>G 0.06/0.09/ _/0.07 0.82 1.00x10°

Composite toxicity

rs14867852 9 NA NA LOC442427 RASEF G>A 0.08/0.67/0.05/. 116 1.46x10%
rs7717673 5 SLC25A48 intron LOCIS3328 ig G>A 0.11/0.12/0.12/. 0.94 3.93x10°%
rs2454331 8 NA NA LOCI00125100 RIPK2 A>G 0.43/0.40/0.43/. -0.77 1.43x10°¢

rs873224 8 NA NA FLI43860 LOCI00131146 A>G 0.11/0.10/0.08/. (.86 1.48%10°6

15966439 14 NA NA LOC283584 LOC283585 A>G 0.21/0.17/0.18/. 0.70 1.52x10%
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rs7848777 9 COL5AT intron RXRA LOCI00130622 G>A 0.08/0.05/0.06/. 1.31 1.56x10¢
rs10869538 ] PIFSK1B intron LOCI00131240 PRKACG A>G 0.15/0.16/0.15/. 0.74 1.74x10°¢
rs1166475% 18 NA NA LOC400655 FBXO15 G>A 0,11/0.15/0.15/. 0.83 2.21x10°6
rs1978255 i4 NA NA LOC283584 LOC283585 C>A 0.20/_/0.16/. .31 2.63x106
rs17102031 12 NA NA SMUGT LOCI00132010 G>A 0.13/0.08/0.10/. 0.85 2.93x10°®

[63134] For the gene-based analysis of grade 22, the Q-Q plot is shown in FIG. 7. Identified

genes associated with proteinuria, hypertension, and composite toxicity are shown in Table 8.
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[6135] The ten most statistically significant genes are shown in Table 9. C/D (p=2.00x107%)

was the most significant, followed by 12/ 7F (p=1.80x107).

Table 9. Ten most statistically significant genes, according to unadjusted p values,
associated with proteinuria, hypertension, and composite {oxicity from the gene-based
association analysis grade >2. Composite toxicity 15 defined as the occurrence of either
proteinuria or hypertension or both.

Proteinuria Hypertension Composite toxicity

Gene p-value Gene p-value Gene p-vaiue
CiD 2.00x10°% UNCEO 2.30x10° SLC25A24 4.00x10°¢
IL7F 1.80x107 KATNB1 2.50x10° SMS 5.00x10°¢
MCM3 510x107 MGAT4A 4.60x10° CEP295 1.00x10°%
SMPX 1.20x10° FBXOS8 5140x10° YWHAE 1.60x10°%
KLHE34 1.26x10° STRIPT 2.810° PTPN3 4.00x10°
EAPP 2.70x10°% CCDCs4 1.0 0 KLHL3E 4.50x10°
CNKSR2 2.50x10° COAS 1.06x10 HEFD 5.10x10°°
LiFd 4.30x48° KIFC3 11840 MBTPS2 7.50x10°
iTGBS 5.00x10° JOK 1.27040 CRK 1.37x10
XCR1 5.70x10° AHCYLT 1.45x10 SLCI7AS 1.50x10

Variants and genes associated with bevacizumab-induced hypertension
63136] For the SNP-based analysis of grade 22 hypertension, the Manhattan and Q-Q plots are

shown in FIG, 2. 104 variants associated with hvpertension were identified (Table 10).

66



PCT/US2020/042503

WO 2021/055089

S0 S0 as 66

90’7 | -3bet 80% -3FT'T TIDHdL | STFOHYY | Uassil EERDENY S0 Y 31 60ES0PE | T | £EGLLSS

S0 S0 8464 g1 7 14

ITT | -3¢pE Tt -317T°7 Ed¥dd | ZI00IS07 VN VN 30°0 80’0 v 3 IREECSY | T | SELGLSS

€0 80 ZI18s as bR I o4 8TL

?5°0- | 3598 8T -395'8 PAETIY | ETO0IDOT | Uassiu | f/TLoFTD S0'0 2 1 8TTSI8E | T | L60LTSH

a0 90 8L64 i1 7 756

PT'T | 3028 ¥1'T ~3LT9 Edvdd  CIO0ID0T YN YN 20°0 S0'0 Y D BTRET9F i T | 9TETTSS

a0 90 & 0 £80

89°0- | -30g°S 70 -310'9 ZLGWNHS | PEEEYDOT YN YN | €70 ST°0 3] V9477804 1 T | S060Ts4

a0 90 0cor 217 06t

L0 | -3L8°S a9v'0 -AETS | EIOOISOT IPo8HT Vi YN | TE0 LT°0 Y D ZELBETY ) T ] 9EQTTSS

a0 a0 9 80

06°0 | -39¢°6 T6'C -30T°S dIEFLHO Iiyat Vi YN STO €10 o Vi TTTEGT6 | 6| 88E0Lss

a0 a0 LP86 L a8

680 | -38TL 680 -30T'S | ZI00IS07T LAEIYIA Vi YN | €20 | vE0Q | 280 | €80 Y 5 6S8I8T6 | 9| LSYPTITSS

90 390 £ [44 £9

850 | -381Y LSC ~36L°Y EHSS | EBISLD07 | uoh IGYNDX | 60°C | 800 | 60°0 ) 600 Y D1 8PTSLST £ 90LL8ss

90 390 |1 £ ] 99

6470 | -38577 L0 ~AT8E | PELCLOCT | ELESBIOT | VO YINIYS g0 870 Y D P009L86 ¢ T | TROTLSS

90 390 I 00 1 ¢

050~ | -3e21 ev°0- 3PP T | GSSPO0T | 8861 O3y | uosu HdSY | 220 | 220 | 920 | Z€°0 Y 919109979 €| 905e¢ss

90 90 g akord

Lv0 | -39¢EY 9v'0 -397°1 2197 GFID020 i YN | 8T0 | SC0 | 8T0 | LZ0 3 VoI 6LS08PC P SETETSS

90 90 £ LT

00°C | 3Ty AT -3177 LY6I02 [QH8INT | ushIul IVeT10o 600 Y DI TBLTLOL Y 9| OEGLESS
B3 g= pay 0 10 £0 £0 3
snfpe | asnfpe | snipeun pa SOV | P06 | SOV | €08 | SiRje | |3y

{d) | snjea {d} | snipeun ENEY] auad 3 4 4 4 4 3nu 13 H
ERETIE] g Ppags | anjesd Bupyueyd Supjueyd | angesy oua8 | g | win | Tl T 839484 | aye 481 3 4NS

(72 sprid) uorsuapiadAy gHM PIIVIOSSE SANS 0T QYL

67



PCT/US2020/042503

WO 2021/055089

50 50 L9v i v Ly
S0 39477 G ~38F'E LYIVdS OTMNDY | uohu OIANIDI | T2°0 ELRY i J} 69488°G ) T 6668754
50 50 v £ Ef Ty
L0 34T TL6 S38EE | FBLILO07 ) ELESS3OT | UOHU VINIED Yo €0 3 YV e5T6686 ) T STZ665
S0 S0 £ 4% 8
0| 350 124% ~38¢E'E ITd580 | L887L307 i YN | OF0 76 v D I86L6TIT | £ | ORBOYS
50 50 61 0 ovs
60~ | -36477 A4 “3TTE GNASN | ZTV6EDTS | YoM ZGNIV2 | LE0 ved 5 ¥ 0968981 1 T | 87807154
S0 S0 g 1474
Y80 | -360°¢ 980 -36T°E IHIXED IV8diV Wi VN 01’0 800 5 Vo L9TIWIY | | 6571784
S0 S0 v £ Ef 1023
PLO | -35EC [44¢ S3STE | PBLILO0T ) ELES930T | U0 VINIHD £E°0 60 v D 99199686 ¢ T | B6TOLL5
S0 S0 4 Lt 0L
SL0 | 3007 vL0 -30T'E | 609820207 LvdZ vN M 280 0g'0 3 vI0679ET | B | PPOSTSS
S0 S0 < 9 L Y4
B0 | -35L°¢ 870 -386'¢ [TION | ZB6ZLO07 | Udsi TONdild | 970 Lo 3 L LOEPe?S | T | 66beIsd
S0 S0 ¥ €L
670 | -39L0°¢ 050 -309°¢ SCTH4D YdiINIM vN YN | 00 RO S Y GRBPPRIL L | 7469784
S0 S0 [ LE
Fr0 | -387°¢C IAAY, -365°C grocvid POHI | Uoull POV | L10 ) 810 | 610 €20 v 91806800y T | S0L5Tsd
S0 S0 550 & 5¢ 628
LE0 ) -3P8L 980 -38T°C | ETOOIDOT | SOFPSOQT ¥N YN PO | AP0 | 9V 0 | v1'0 5 voesv0s?1 | & | 6TSOTSS
S0 S0 < i 0 855
660 | 32071 €60 -381°¢ Widd | LIEPIO0T | YO 1¥did a0'0 900 5 v Z8L0COY | T 9860TSS
S0 S0 Z ¥i 0 87
g0 | -300°¢ &v°C -366°7 Widd | LIEPS007T | YO L¥did { €10 PTQ | ST0O | €10 5 W L8080V | T T6LTTS
S0 S0 0488 Z 08 L{9E
<80 -36V'1 £8°C 30T | CTCOIDGT | IZLPS00T | WOA ) ZIGVIVYN L1°0 w10 5 VoAVl ) € PTLTTSS
90 S0 6¢ 86
£5°0 1 -3019 EERY, -307°7 ZHITNN Ivyio Ui YN | 8T0 110 i I LESR9TST | S| 9LTETS
Q¢ S0 4008 1T 143
€0 -3LL°8 Zv'e -3LTT { ETO0IO00 IPIHHT Ui YN | €20 00| 580 J V| E8SBETR | T | LOETLSS

68



PCT/US2020/042503

50 £8

5S¢0 EL RN =AY TOX0d C30X3 i VN L0 | OFP0 | TV O 0646E6 | 5| OBELLSS
50 4 g1 0 I

PL0 LG “3L5Y £242 | BI6ZL307 i VN ¥e0 S€'0 ¥S00729 ¢ T 95975
S0 £o96 951 1 Oty

55°0 (&R =184 §5d | TI00II07 €00 EETNING vid £60e00T | T | P&EBLTS
50 2096 EE 969

450 ?S0 3EYY | EETWNINL OITBZE(TS | Uolu v ZIO0T307 LAY 9E9¢00T ¢ T | SY9LT5d
S0 7451 I3 90

¥9'0 59°0 = CIAD } ETOOIDOT Wi VN 900 20°0 LELOYOT LOTLT54
S0 0697 & Z L1

Or O 6t S3LEY | ETOOID0T | I8L84307 Wi VN BE'D | EEQ | OFP'Q S£999%¢ TOLRETS
S0 4 £ [4>

L0 040 STy | PBLSLO0T L ELES9D0T | U0 VINIHO 280 67°0 SE19486 SELLES
S0 Ie0s G 13454

140 TL0 =AY NYOOLS | ZT00IS07 | U0l HINAS sE'D 8E'0 06E7sED £TLTTS
S0 9 [4

69°0 69°C -35T'Y £3ove Pdld | UOIIH WvY3sQ 97’0 €0 T9T0L0Y 2109454
S0 Ly 4

290 CERY, 3Ty Zd¥N qeddvd vN WN [A0) 1A 5757907 SLTSTS
S0 550 & 145 [417

ar'0 EYAY, -396'c | ETOOIDOT | SOFPSOQT ¥N VN 0e¢ Porosey | 6 19TETsd
S0 & £ 16 ¥

LAY EYAY, -398'c | JIOELOCT | OILySO007 ¥N N [Xat ELOLPOT | € | 849668
S0 £ £ € 87

<50 ¥50 ek CIHdD | 5995007 | U0JH E4SVYM 000 | 600 | 90°0 086vT9C ¢ T | £T15684
S0 681 ¢ 9

Or'o 6E°C E1Z8 8pf0TTD £53303 | UoH LEANN €0 S0 00 897010 § T 7T1opsd
S0 LET6 1 evE

8477 0477 ~39EC EJ¥3H | CIGOTO0T Ui YN 80°0 TO7ZL68 1 v | TELTTSS
S0 61 ¥ 17

8e0- L8060 -3V € LVIVdS OLINDM | Vo4 OIANDIM 0501 €90} 0 L0LESLE 90007s

WO 2021/055089

69




PCT/US2020/042503

WO 2021/055089

50 50 8580 Ty 8 56
140 3868 LG =1 PNV | ETCOIO0T | uonu LHTM Yo S0 5 ¥ 188E8IG | T | VRIS
50 50 5£58 1 ¢ {98
550 | -3958 LS°G ~394°% dsid | £I00T30T | 4o 0451 110 60'0 5 YV L0TET0E | T OLTITS
S0 S0 7451 6t 8
580 3899 58°C “3YLS CHIAD | ETOOIDOT i VN 800 800 v D LS79P0T | 6 67LETS
50 50 8dEZ0T 0 Z
850 | -309°¢ £5°0 -389°S | 96TLI00ZD -5d¥ Wi YN | 710 £1°0 5 11 096795 | 7| LL50854
S0 S0 L1 [44
£r0- | -386°% £ o 3199 d9v9ais EVidd Wi YN | 970 | 430 vEQ | L0 v O yOEVEST | 7| £57875d
S0 S0 I£06 Y 09
040 -30T6 146 -397°% TIVOOLS | ZTO0IO0T | Uk HdNAS 9e0 80 5 Vo IPETSES | £ £hbYOSd
S0 S0 LEGS gIvT [ Sel
250 | -36'C 050 -3L6y | JIOQIDOT L ETOOIDOT | U0l SXOS 1010 Q10| €10} 010 v D1 8EST9ET | T | 7yuOTsd
€0 S0 €L
v | -3L0°C 840 =AY YHSIA SANA vN N 800 | 00| 80O v D1 9988pL6 1 B | LT85
S0 S0 2096 98ER 65 1 91
890 | -3vl'E 990 -356v | JIOQIDOT L ZIO0IDOT | Uoliu OIBZEr4 | Q00 au'¢ 3 L SOEZ00T | T | P8S8ESd
S0 S0 & £61t 6 ¢t L
£e'0- | -3¥09 Le 0 -3E6'v | SLP900T | ETO0IOOT vN YN SPO | TP0 | 9v0 | (VO v D1 0oR08IS T LZ99Esd
S0 S0 I 23y Z
190 -3E78 €90 -358'% VO | L&EPS20T | dsfad JIYLH | 800 0t¢ 3 1 08d8LL8 | @ £0easd
S0 S0 & 186
670~ | -301°9 &y 0 14 POdINT TOOHEY | uoJi ZIX07 | 870 (At 3 v ObZ8IET | B LBOOTSS
S0 S0 9 T4
LT | -350°9 207 -308'V INCD OLHGM N VN vio 5 Vo E8QLLLE ] S LORBTSS
S0 S0 $9144 L5 9
L5°0 -30v'S L5°C “3ELY Orfozs | ET001207 i YN 010 <10 i 31 6IY080T | T | DLELBS
S0 S0 I£0e 6 TE
040 -380°8 TL0 -369'Y TIVOOIS § JIOCIS0T | UOad HANAS SE0 8€°0 ) V| PETESES | €| BBIYLSS
S0 S0 9L 6Ly
Op0Q | -388°% 0%'0 -389'7 GHNTY IVerioon Ui YN 070020 9004 120 J Vi 88LG0FT | 8 [8LLTS4

70



PCT/US2020/042503

WO 2021/055089

50 50 £Tas viv €9
0| 3975 AL “3YEL IDUNHD | CIC0IO0T | uonu did5 | 130 | 020 | ¢T0 | QU0 5 Vi e85eEb9 ) T | 989ITS
50 50 LIvT 510 T07
88°0 | -36EY 580 -3874 PAVL | ETOCGIOOT | uohll FHAS S1°0 ARY 5 ¥ 9TTI86S | 7| OBPITS
S0 S0 ¥ 74
9€°0- | ~3LV'8 9E0- ~359T°L d735 dF63LH0 i VARAAER A RNA A R R AY 5 Vo LZLTBOB | T 908SYS4
0 50 9 i O 80
0| 3097 9% 0 3T L 134V | ZW6ZL307 Wi YN | EC0 | EC0 | ¥C°0 | 70 5 VoOTeYETT | T | S6TITS
S0 S0 550 & S6 0
S0 -380°¢ AN S3ET L ETOOID0T | §9vP9507 Wi YN | 610 870 v D ebl0aTT | & TZLTTS
S0 S0 ) £ 04 67
LEQ | -3{9'8 JARY SRV L LBT6EDDT | P8BILI0T Wi YN | ECO | EC0 | 000} 70 v D TZ49%0T ¢ v S0987sd
S0 S0 as € 6 6t
60 | -3ve'L £6°0 -380°L 420 QIXNTY | Uassi TINTY 900 800 S Vo SRBOTEDS | T | SapiEsd
S0 S0 1o vE
£y 0- | -309°L £y 0 -350°L INISd S6H0FD | UDSIl GAdLi | 900 | vC°0 | LT°0 ] 70 v D0 9pe8PCT f T | BBELTS
S0 S0 ZIst 5¢vl g 6
9r'0 | -3te'r EYAY, -3EQL | EIQQIDOT | ETO0IDOT vN YN | €70 610 v D ppTL04T L] 050P5sd
14 S0 8580 L 8 ST
040 -320°7 L0 -366'9 JvpiNYd | ETO0TISOT | Uodil LYOM FZ0 ST°0 v D1 E66ERCS | T | ZOLETS
S0 S0 23y €6 95
Tro | -3ivd A, ik PCoLL Jéd3n | 249is8d E4VDUI | TE0 80 i J590LPST ) T STLTTSS
S0 S0 € [44
€50 | -3Lte €50 -3E8'9 i 6yI30d03 ¥N YN | G110 810 5 Vo 59609Y7 0 | 1650454
S0 S0 6 0t
Ly 0y -3eTL 970 ~3L9°9 5035435 6vI23023 e-n DT 910 €10 810 610 ki 9 80vIovC i v OTETTs!
S0 S0 4 £ 9 96
GL0 ) -38L°S 69°C -309°9 | PRLCLOCT | ELESSDOT | YO VENIHD ¥Z'o w0 Y 3 PTIPER6 | T § L9784
S0 S0 6EES g Ly € 6
Zv'0- | -350°6 ey 0 -35T°9 { ZTO0IDCT | TPO6EDOT Ui YN | 870 890 ) V| 8ESZOBL | T | vI66CSS
50 50 9reQ 0 L0
680 | -308'8 0%'0 -IT9 | ETO0ID0T | IBLCLD07 | UOHU PNAIND | 220 | 720 | 820} 120 ) V| LSEZETT ] €| O6LLT84

71



PCT/US2020/042503

WO 2021/055089

50 50 78 {67
160 | -340'% €80 ~36T°6 | JINTVDEG IS455 | uohu 3384 010 L0°0 5 VoTLR9tET | T L8LTTS
50 50 vid {94
060 | -3976 6%8°C ~386'8 | 8ISOVVI SYNoa | uohu IViS&ls ST0 €10 v D e809ZIT T VreoTsd
S0 S0 471 ¥ 4
5e0| 3018 5¢°6 ~32L4°8 1 JTOOIo00 LXESYIN i YN L0 00 L2001} 820 5 ¥ oabLi98T6 | 5 L7TTLSM
50 50 peLl T oy
990 | -349°6 99°0 “39Y8 | ETOOID0T | PROOVVIN | WO N2 1 800 | 900 900 5 Vo 8LBETBL | L | 9489754
S0 S0 € 01
6v'0 | -3{T6 CYAL “36E°8 EVSIHS PONTG Wi YN | ST0 EPRY v D 06ETETY | ¥ | SL99454
0 S0 SEER i 7 4
69°0 | -380°7 69°0 -38E°8 §TY907S | ZI00IB07 Wi VN LE0 L0 v J | BEQSLER | T | TTSVTS
S0 S0 & & 0 991
160 | -308L 050 SIETR | LBLELO0T L 0TBILO0T vN YN | 80 v 2L BESLSET L T | TS7TTS
0 S0 LT 474 9t 88
99°0- | -36¥'1 8290 -0 | EIDOIDOT 6LESENTS vN N [44Y, 9e'0 S Vo STOLESL | T POESESS
0 S0 [ L5
080- | 3001 180 ELLyA ININ Ve lddd | UL GOZWINL RED SE'0 v D TPC90TT F T | 849484
S0 S0 € 8
LE0 | -36v'R LE°0 -306°L IviNQ 18vag vN YN 620 | LT0 | v7°0 | 6770 v 21 6RECLBS | T | pIRELSS
S0 S0 0 vl
$9°0 | -3TT°¢ 90 -306°L I4NSd PLJDNY | UL FO45Y | 800 20°0 5 1 POSPT6 | €| THRSTSS
S0 S0 ey 68
FEO | 3498 LAY -36%8°L 17248vd OTHGOd ¥N YN PO | 6V | 6V 0| 8V0 5 Vo 86SLFET | | CETLTSS
S0 S0 G4BT 8L 66
PRO | -3E0°6 ¥8'0 ~3el’L EXIAZ | ETOOIOOT N VN 800 80°0 ki O LTS8P0T ¢ © | Sevdpsd
S0 S0 0 98
Ly Q| -3L8°S 970 -319°L T4NSd PLJONY | U0 FO4SY 1 TT0 | 210 2104 T1°0 v 9 78816 | Beispsd
S0 S0 Z860 L LT
o -39y 8t°0 ~305°L IXNT | ETOOID0T | YO Tildi4 1 0270 120 | 8620 120 ) Vi EIveBEs | ¥ | EEITTSS
S0 S0 gi ¢ 01
<y 388, Zv'e “3LEL TNdL CNTL Ui YN | 870 €0 ) Vi TI6TIT9 | T | 9544084

72



PCT/US2020/042503

S0 v £ Ef €7

69°0 89°0 “396°6 | PBLILO0T | ELES930T | WO YINIYD 60 {88RL6 BLLOTS
S0 986 TG 0L

090 650 -316'6 2490d | FI8T DY vN M 900 260851 £169154
S0 £ 30 vE

LT 897 -39%6 | LETPPOOT TiX3 | uoJuH CTANYS 900 1695611 051584
S0 < €6

ELAY, [47AY, -30L°6 Zdviaq . yrigro0T vN M STTIPLY HeELysd
S0 £ 8 9

L0 €L0 -365°6 | PLO0PDOT Zidvd vN YN 00 €185l 61899sd
S0 4 €6 Z0

L0 140 -3PS6 | 6098ID01 LV47 ¥N VN L0 £e679t1 S08PTSd
S0 p65¢ vit [44

840 L0 EAAS JdYNS | ETOCIO0T | UOoAIW TNIN (AR Zroe6sys | T | 6¢9ETs
S0 0¢g Z0

190 18°C -357°6 Cdi4AD FILNyS | uoaqu AL L0°0 GTEG95T | & S8RITS
S0 5996 0 £LL

90 £9°C -3ZV'6 | ZIOOIDOT | BOTHO0ID | uos ZaHYav €9L0VLY T | S5TLTS
S0 510 T6

o 0%'0 -30E°6 WYL 1Gsis | uoau 1gzagn 6004465 1 T | 78bebsd
S0 ¢ €20

o 0%'0 -357°6 0814010 S840 YN YN 020 6619878 POTTTS

WO 2021/055089

73




WO 2021/055089 PCT/US2020/042503

[63137} Tharty-four out of the 104 vanants had the same direction of effect in at feast three out
of the four studies (cutoff p<Ix10™). The top ten most statistically significant variants of that
list in shown in Table 5. rs13135230 (G>A, MAF 0.25-0.28) was the most statistically
significant (p=1.26x10°, =046}, with the A allele increasing the risk of hypertension
(FIG. 3). 1513135230 1s 3.8 kb 3” from LGI2 (FIG. 4B). 12350620 (A>G, MAF 0.26-0.32) is
the next most statistically significant {p=1.44x10°, B=0.49) with the G allele decreasing the
risk of hvpertension (FiG. 13). 12350620 is located in the intron 14 of ASPH (FIG. 4B).
136770663 (A>G, MAF 0.08-0.09) is the next most statistically significant (p=4.79x10°,
B=0.57) with the G allele increasing the risk of hypertension (FIG. 13}, 1s6770663 is located
in the mtron 1 of KONABI (FIG. 4C) Among these ten varants, the only two with p-value
<(3.05 in three out of the four studies were rs23350620 and rs6770663 (Table 8). FIG. 13 shows
the cumulative incidence of grade >2 hypertension for rs2350620 and rs6770663. For the SNP-
based analysis of grade 23, the Manhattan and Q-3 plots are shown in FiG. 5. 106 varianis
were identified as associated with hypertension {Table 11).

132138} Forty-seven out of 106 varants had the same direction of effect (either reduced or
increased risk) in at least three out of the four studies (cutoff p<ix10°%). The top ten most
statistically significant variants of that list are shown in Table 7. rs4782946 (G>A, MAF 0.37-
0.43) was the most statistically significant {(p=3.09x107, B=0.66) with the A allele increasing
the risk of hypertension. rsd782946 is an mtronic vanant n A7P2C2 (FIG. 6). 117439529
(G>A, MAF 0.36-0.40) was the next most statistically significant (p=2.08x10-6, p=-0.72) with
the A allele decreasing the risk of hypertension. rs17439529 15 located 1n the intron of AKAP6

(FIG. 6).
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[6135] For the gene-based analvsis of grade >2, the Q-Q plot is shown in FIG. 7. Table 9
shows the ten most statistically significant genes. UNC50 was the most statistically significant

gene (p=2.30x107).

Variants and genes associated with bevacizumab-induced proteinuria and
hypertension {compaosite toxicity)
[0148} For the SNP-based analysis of grade >2 the Manhattan and Q-Q plots are shown in

FIG. 2. 100 variants associated with compostie toxicity were identified (Table 12},
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[63141} Fifty-seven out of the 100 variants had the same direction of effect in at least two out
of the three trials (cutoff p<1x10¥). The top ten most statistically significant variants of that
list in shown in Table 5 rs11662763 (G>A, MAF 0.11-0.14) was the most statistically
significant (p=9.19x107, B=0.67), with the A allele increasing the risk of composite toxicity
(FIG. 3). 1811662763 13 33 kb 37 from TIMA (FIG. 4A).

{3142} For the SNP-based analysis of grade 23, the Manhattan and Q-Q plots are shown in
FIG, 5. 88 vanants were identified as assoctated with composite toxicity {Table 13). Fifty-
three out of 838 vanants had the same direction of effect (erther reduced or increased risk) in at
least three out of the four studies (cutoff p<ix107). The top ten most statistically significant
variants of that list are shown i Table 7. rs10867852 (G>A, MAF 0.06-0.08) was the most
statistically significant (p=1.46x107, B=1.16), with the A allele increasing the risk of composite
toxacity, rsl0867852 is an intergenic vanant located 430 kb 37 from RASEF (FIG. 6).
tsT717673 (G>A, MAF 0.11-0.12) was the next most statistically sigmificant (p=3 93x107°,
3=0.94) with the A allele increasing the risk of composite toxicity. 187717673 is located in the

intron of SLO25448 {(FIG. 6}
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{6143} For the gene-based analysis of grade >2, the Q- plot is shown in FIG. 7. Table 9
shows the ten most statistically significant genes. SLL25A24 was the most significant

(p=4.00x10°).

Biscussion

[63144] &t 1s believed that this is the Jargest GWAS of bevacizumab-mduced protemurnia and
hypertension. The present study mchuded 1,041 cancer patients, with different tumor types,
from four randomized phase HI clinical trials conducted at the Alliance. The relatively large
sample size, the randomized design, and the standardized collection of the phenotypic and
genotypic data are positive featurcs that mcrease the value of these findings. The analysis of
genetic associations that were consistent across different studies led to the identification of
novel SNPs and genes associated with these toxicitics.

16145] This study has sclected DNAHS, TRIO, RIPK4 and IL17F as gencs involved
bevacizumab-induced proteimuria. DNAHS and TRIO are the closest genes from 15339947, the
most statistically significant SNP associated with proteinuria {p=7 66x107). DNAHS encodes
a dynein protein {part of a microtubule-associated motor protein complex) that is important for
the nommal function of ciliated cells in many tissucs, including kidney tubule. Mutations in
DINAHS cause a genetic disorder associated with polyeystic kidney diseases. TRIO encodes a
GDP to QTP exchange factor promoting the reorgamization of the actin cytoskeleton, thereby
plaving a role in cell migration and growth. 7RIU is highly expressed 1 podocyies and
regulates the attachment of podocvies 1o glomerular basement membrane. FR/O also induces
Rac 1 activity, which contributes to podocyte injury and proteinunia. DNAH 3, or TRIO, or both
could be mvolved in the mechanism of bevacizumab-induced proteinuria. Interestingly, our
functional bioinformatic analysis that rsd429023, m moderate LD with 1339947, is an ¢QTL
wnereasing TRIO expression in the glomerulus (Table 14), potentially pointing towards TRIO

as the putative gene of protemuria.
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[6146} For Table 14, SNPs in bold are the selected SNPs from our study and the SNPs not in
bold are SNPs in LD with them. Expression quantitative trait loct (¢Q3TL) mformation was
retrieved from the GTEx v7 and NephQTE. The RegulomeDB score represents the evidence
that a variant has a regulatory function (1-strong evidence, 6-weak evidence). Data from
Genome Browser, RegulomeDB and/or HaploReg v4 includes computational and experimental
data from ENCODE and Roadmap Epigenomics Consortium. Only ChiP-seq and transcription
binding motifs from experimental data are reported. Only DNasef sensitivity region, chromatin
state and histone markers for relevant cell lines (HUVEC or heart tissue group) are reported.
Composite toxieity is defined as the ocawrrence of either proteinuria or hypertension or both.
NES: normalized effect size.

(selected by 12482855, 4.7 kb 57) encodes a protemn kinase that interacts with PKC3, which
is directly nvolved in renal damage by inducing apoptosis in podocytes and alse in tubular
cells. Finally, IL17F codes for mtereukin-17F (1L-17F) and was selected by the gene based
analysis. Using mduced-nephrotoxic nephritis mouse model, L-17F-deficient mice showed
less severe nephniis, with lower albuminuria and better renal function, compared with wild-
type mice. JL717F was the second most significant gene in our gene-based analysis after C1D,
the biology of which cannot be reconciled with kadney damage by bevacizumab. Two less
common varants (151413920 and rs763780, that did not pass the QC MAF<0.05 in SNP-based
analysis} are driven the eftect of ILITF in gene-based analysis. The G allele of 11413920
(A>G, p=1.80x10-7, (3=2.24, MAF 0.01-0.03}) and of 1763780 (A>G, p=1 .14 x10-4, (B =141,
MAF 0.05) decreased the risk of proteinuria. 181413920 is mtergenic located 1.3kb 3” from
MCOMS3 and 20 kb tfrom IL1TF (FIG, 8), with strong transeription in HUVEC. 15763780 15 a
non-synonvmous vanant that alters the histidine to arginine at amino acid 161 (H161R). The
A allele (161H} has been associated with an anti-angiogenic effect by inhibition the
angiogenesis in human endothehial cells. Inversely, patients who present the G allele (161R)
could have an enhanced angiogenesis in these celis and be more prone to bevacizumab effect.
The G allele was already associated with a better overall survival i CALGRB 80303,

3148} This study also proposes ASPH (selected by rs2350620, mtronic, and by the gene-based
30 analysis) as novel candidate of bevacizumab-induced hypertension. ASPH encodes the
junctin protein that forms a quatemnary complex with triadin, calsequestrin and the rvanodime
receptor (RyR), involved in the release of Ca’’ from endoplasmic/sarcoplasmic reticulum.

182350620 reduced the risk of bevacizamab-induced hypertension and has variants in complete
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LD that are located m regions of DNasel sensifivity, chromatin state enhancers and enriched
for histone modifications in HUVEC and cells from heart tissue group. The G allele of
152350620 18 likely to bind FOX A1 protein (in T-471)), which acts as a transcriptional activator.
Therefore, rs2350620 might increase ASPH expression, which might contribute to confer a
reduced risk of hypertension. Moreover, one of the variants in LD (rs35026059, —T} has 2¢
Regulome DB score (Table 14), due to strong evidence of binding of the T allele to CTCF
moiif, but not i relevant cell hnes. CTCF can acts as a transcrptional activator or repressor
and insulator.

{3149} Because genectic vartants might have pleiotropic effects and hypertension and
protemuria share a common pathophysiclogy, we have alsc mvestigated the occurrence of the
composite toxicity. 511662763 had the same direction of effect 1 three trials, increasing the
risk of either proteinuria or hypertension or both. ra 1166276 15 33 kb from 77444, also known
as TMEMZO0C. 1511662763 was shown to be an eQTL for EPB41L3 in the glomerulus,
increasing its expression {Table 14). £PB41/13 was also identified as a novel locus for kidney
function, after an mironic SNP (159962913} was associated with lower glomerular filtration
rate in a GWAS meta-analysis of more than 100,000 subjects. Furthermore, SLO25424 was
also sclected by the gene-based analysis of the composite toxicity. SLC25A24 encodes a carrier
protein that transports ATP-Mg cxchanging 1t for phosphate.

[6158] The three most sigmficant vanants associated with composite toxicity (1317084411,
31627869 and rs17084371) had a p-value of 4.24-7 2410 but only in CALGB 40503,
{6151} In conclusion, as a result of this study, DNAHS, TRIO, RIPK4, ILI7F, ASPH, TTMA,
EPB411.3 and SLC25A24, as well as all the top significant SNPs and genes associated with
grade >3 toxicities are proposed as new genes involved m bevacizumab-induced proteinuna
and hypertension. Degpite many years of use of bevacizumab, proteinuria and hypertension
still represent an obstacle to full delivery of effective therapy, and pose a threat for patients and
their quality of hife. Because these toxicities are also shared by many other anti-angiogencsis
drugs, the availability of these results in the public domain will incentivize the apphication of

these findings to other drugs with a similar mechanism of action.

Example 2

13152} Sorafenib is an orally administered multikinase inhibitor that targets multiple tyrosine
kinases involved in angiogenesis, apoptosis, and temor cell proliferation, including the vascular

endothelial growth factor receptor 2 (VEGFR2). It 1s approved by the U.S. Food and Drug
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Administration (FDA) for the treatment of several tumors, including metastatic renal cell
carcinoma (mRCC), advanced hepatocelivdar carcinoma and differentiated thyroid cancer. The
clear-cell histology of RCC is characterized by overexpression of VEGF, which interacts with
YEGFR2 1o stimulate tumor angiogenesis. In addition to sorafemb, sunitimb, pazopanib,
axiinib, lenvatinib and cabozantinib arg also approved for mRCC, sharing the same
mechanisms of VEGF-pathway inhibition.

[3153] Hypertension is one of the most frequent toxicities mnduced by sorafenib. A meta-
analysis showed a prevalence of sorafenib-induced all-grade and grade 23 hypertension of
19.1% and 4.3%, respectively. Patients with mRCC experience higher rates of hypertension
when compared to other tumor types {all-grade: 24 9% vs 15.7%, high-grade: 8.6% versus
1.8%). Similar to sorafenib, other VEGF-pathway inhibitors can also induce hyperiension,
including bevacizumab, sunitinib and pazopanib.

{6154} The objective of this study was to identify and validate genetic biomarkers that are
predictive of VEGF-pathway inhibitor-induced hypertension using a two-step, discovery-
validation approach. Sorafenib-treated patients from the phase 3 Treatment Approaches n
Renal Cancer Global Evaluation Trial (TARGET) were used as the discovery set, while a
genome-wide association study (GWAS) of bevacizumab-treated patients from four Cancer
and Leukenua Group B (CALGB, now Alliance for Chinical Trals in Oncology, Alliance)
studies was used as a validation set.

[0155} TARGET was a double-blind, randomized, placebo-controlled phase I trial of patients
with mRCC treated with 400 mg sorafenib orally twice daily or placebe. Hypertension was
recorded according to CTCAE version 3.0. This analysis was conducted in paticats who
received at least one cvele (28 days) of sorafenib treatment. DNA was obtained from the
peripheral blood of 140 patignts treated with sorafenib. A total of 1,536 SNPs in 56 candidate
genes were genotyped using the Hlumina GoldenGate assay. Genes were selected based upon
hiclogical function, including genes mvolved m VEGF-pathway signaling, genes from
additional signaling pathways targeted by sorafenib, genes associated with peryeite survival,
sorafenib disposition and toxicity, and genes associated with RCC prognosis/pathogencsis or
genecral cancer prognosis. SNPs were excluded if the genotype call rate was <97 5% and were
sclected based upon a MAF >0.05 in Furopeans from the 1,000 Genomes Project, and other
critena.

13156] A flowchart showing the quality control for the study is provided as FIG. SA. After
quality control, a total of 973 of the 1,336 initial SNPs were used in this study. Tests for

association between SNPs and grade =2 hypertension were performed in the sorafenib arm by
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calculating the odds ratio (OR} from alogistic regression analysis, where grade >2 hypertension
was the binary outcome and SNPs were the independent variables, under an additive model.
Age and gender were used as covariates. A p-value <0.01 was used as a feature sclection to
identify SNPs tor replication in the vahidation set.

{0157} For the vahidation cohort, the association between SNPs and hypertension was tested in
genctic European paticnts freated with bevacizumab, A GWAS of four randomized phase Hi
clinical trials from the CALGB/Alliance (CALGRB 80303, 40503, 90401, and 40502) was used
as the validation set. The details of the individual studies are described in Table 15, Patient
chgiblity, characteristics, stratifications and treatments can be found in the individual
publications for all four trials. Blood pressure was measured on day 1 of each cycle in all four
trials (and on day 15 in CALGB 80303}, and hypertension was recorded according to CTCAE
version 3.0. Bevacizumab-induced hyvpertension was defined as the occurrence of grade >2
hypertension after the start of treatment. DNA was obtained from peripheral blood. The
genotyping platforms used in each study are described 1in Table 15, A cause-specific Cox
model, where the outcome was defined as the pair of time event and the censoring indicator
{defined as the time from the first admimstration of bevacizumab to the first incidence of the
toxicity of interest, or other treatment-torminating events, whichever occurred first, under a
competing risk model), was fitted to obtain the estimate of the SNP effect on hypertension in
cach mdividual study. The analyses were powered against an additive genetic model. The
nverse vartance formula was used to combine the SNP effect in each study to obtain the
estimate (B) of the SNP-hypertension association. Age and sex were added as covariates in the
model. The exponential function of B was used to calculate OR.

[3158] The SNPs from the TARGET study (discovery set) associated with grade =2
hypertension {p-valac <0.01) were tested in the CALGB GWAS (validation set}. If the variant
was not genotyped i the validation set, a SNP in high linkage disequilibrium (LD. R>>0.8,
Furopeans in the 1,000 Genomes Project) according to LDlink, was selected for testing. In the
validation set, SNPs with a p-value <0.01 for association and the same direction of eoffect
{(increased or reduced risk) were considered as validated.

{3159} Functional annotation of SNPs was performed using the SCAN database. LDHink was
used for analyses of L. RegulomeDIB and SNPnexus were used for functional mference. The
Genotype-Tissue Expression project (GTEx v7) was used for expression guantitative trait loc
(eQQTL} analysis. atSNP was also used to guantify mmpact of SNPs on transcription factor

binding.
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3160} A total of 140 mRCC patients treated with sorafenib in TARGET were included in this

study. The charactenstics of the patients, and the prevalence of grade >2 hypertension are

shown in Table 15, Varants rsd44904 (G>A, MAF 0.14) and rs1346563 (C>T, MAF 030}

were both selected for testing i the vahidation set based on p <0.01 (Table 16). Both vanants

were associated with an increased risk of grade >2 hypertension {OR=3 88, 95%, C11.54-9 81,

p=0.0057 and OR=3.50, 95%, {1 1.48-8.24, p=0.0064, respectively) (Table 16).

Table 15, Patient characteristics and trials.

Discovery set

Yalidation set (n=1,041)

(n=148)
Trial TARGET CALGE 80303 CALGE 40303 CALGS %0401 CALGE 40502
n=154 n=103 n=316 n=466

Hypertension (n, %}

Grade 22 12 (8.6) 26 (16.9) 33 (50.5) 47 (15.0) 143 (30.7)

Grade 3 5¢3.6) 18 (123 29 (27.6) 22 (7.0% 50 (10.7)
Age — Mean (SD) 596 (9.8} 64.1 (10.2) 68.4 (8.3) 56.9(11.7) 57.2(10.7)
Gender Malke 105 G0 165 i

Female 35 64 316 ¢ 466

Cancertype Advanced and Advanced Horaone Metastatic Recuyrent or

Treatment

mgetastatic renal
cell carcinoma

Serafenib 400 mg
orally twice daily
administered in 6~
week cyveles for
the first 24 weeks
and in 8-weck

panc reatic cancey

Gemceitabine 1,000
mg/m? on days |,
8, and 15 plus
cither placebo or
bevacizumab 10
mg/kg on days |

receptor-positive
advanced-stage
breast cancer

Letrozole 2.5 mg
orally/day plas
¢ither placebo or
bevacizamab 15
mg/lkg every 21
days

castration-resistant
prostate cancer

Docetaxel 75 mg/m?
in combination with
prednisone 5 mg
orally on day | plus
¢ither placebo or
bevacizumab 15

metastatic breast
cancer

Paclitaxel 90 mg/m?
or nab-paclitaxel
£50 mg/m® or
ixabepilone 16
mg/m? on days 1, §,
and 15 plus

cycles thereafter and 15 mglkg every 21 bevacizumab 10
days mg/kg on days I and
15
Genotyping platform [llumina Mlumina Tilumina Human Mlumina IHuminag Human
GoldenGate HumanHap550- OmniExpressExo HumanHap610- OmniExpressExome
Quad me~-8 Quad -8

99



WO 2021/055089

PCT/US2020/042503

Table 16, SNPs associated with sorafenib-induced hypertension in the TARGET stedy.
The SNPs in bold are the ones tested mn the vahidation {(p<0.01}. Results are shown for
associations with p-value <0.03, adjusted for age and gender. Chr: chromosome, NA:
Intergenic SNP, MAF: nunor allele frequency, OR: odds ratio, SNP: single nucleotide

polymorphism.
SNP Chy Geae Featmre 3’ Flanking seue ¥ Flanking Base MAF¥ OR (93% (D -

gene change vaklue

rsd444904 17 FPIK3RS Tatron PIK3RG LOCIg6129978 G>A 0.14 3.88 (L.54-981) 0.0057
rsi346563 16 ADAMTSI® Tatron VNZRIGP NUDT7 >T 0.30 3.50 (1.48-8.24) 0.0064
152330951 7 EGFR Tatron LOC643]88 LOCio6153256 A>C 0.23 4.23 (1.78-10.035y 00118
rs1112503¢9 2 PRKCE Ttron SEBDI A>G 0.24 3.51{(1.49-8.25) 0.0122
rs36367980 7 FEGFR Ttron LOC643158 G4 0.12 3.33{1.27-8.76} (.0188
rs16917099 10 NA RTENZ2 >C 0.13 3.58(1.37-9.35) 04.0207
152740761 7 Intron LOCE43168 C>T 0.18 3.46 (1.39-8.539) 4.0222
1537354565 2 Intron SRBD I G>T 011 4.07 (1.48-11.19y  0.0222
153734566 2 Intron SRBD I G=A 011 4.07 (1.48-11.19y  0.0222
154596024 2 Intron SRBD I EPAST A>G 011 4.07 (1.48-11.19y  0.0222
15231312 3 WA NLN FRBBIIP C>T (.48 3.26 (1.31-8.14 0.0223
1512366035 11 VEGFB reference DNAJCH FKBP2 =>T (.34 3.0% (1.31-7.24) 06.0227
1535339903 4 KDR Intron LOCI00132311 LOCI8012858658 A>G (.15 3.44 (1.33-8.9(1 0.0234
1535397368 4 PDGFRA Missense LOC442108 K ™ .16 3.6%2(1.32-10.2%y  0.0256
153797102 3 FLT4 Intson SCGR341 T>C (.42 2,78 (1.17-6.59 0.0262
153804158 4 [ Intron/ UTR-3 BBS12 A>G 0.43 0.30 (0.11-0.84} 0.0272
rs43492196 i1 2 Reference PPFIRISB G>A 0.05 3.68 (LO7-12.605  0.0279
157 §87665 16 vOX Tatron LOCI00131126 ™C (.45 0.34 (0.13-0.89) 0.0298
1s11980616 7 GNA4IL Tatron LOCLI00] 28030 GNAT3 A>G 0.13 3.24 (1.24-8.50) 0.0322
1$059441 3 NA NA UMPS ITGBS G>C 0.40 0.28 (0.11-0.73) (4.0327
1s315498 17 NA NA LOCL00130112 Cl7orf79 >C 06.33 (.24 (0.067-0.84) (.0335
rsd 1348645 4 FGF2/NUDTe  UTR-3/ Intron BBES12 SEATAS G4 0.41 0.31 (. 11-0.87) (.0350
153950680 11 PIR3C24 Intron RPSI3 LOC732199 G>A 0.36 2.61 (1.12-6.06) (0.0385
156743202 2 TGEA Intron LOCIO0128042 1DD2 A>T 0.32 0.27 (0.08-0.93) 0.0421
1511644322 16 WIWOoX Intron LOCE453947 LOC729251 T 0.21 2.66 (1.10-642) 0.0431
15446086 2 TGEA Intron LOCIO0128042 ADDZ C>A 0.23 059 (0.04-0.84) 0.0431
153804452 G AMAPK 14 wir-3 SLC26A8 MAPK 13 C>T 0.1 2.86 (1.04-7 .84y 0.0439
152293348 7 FGFR Intron LOCIB0133258 LOCI80136121 G>A (.36 0.32 (0.11-0.96} 0.0466
1516947173 16 WWoxX Intron LOCI00131126 LOC645947 A>G (.20 0.12 (0.02-0.93) 0.0480
1511644207 16 WwWox Intson LOCI00131126 LOC645947 T>G (.24 0.22 (0.03-0.64 0.0484
158193040 6 NA NA 1174 LOC730141 T>G (.48 0.39 (0.16-0.97} 0.0499

[6161] A total of 1,041 patients treated with bevacizumab in the CALGB tnals were included

in this study. Because neither rsd44904 nor rsl3463563 were genotyped on the GWAS

134888628 (A>G, MAF 0.26-0.29, LD R*=0.96 with rs1346563) were used as proxies. Variant

16427554 was associated with an increased risk of hypertension (p=0.008, =033, OR=1.39,

C11.09-1.78) (FIG, 18). This result is consistent with the discovery set, where the frequencics

of patients without hypertension with the AA and GA genotypes are 2.3% and 20.3%,

respectively, versus 25 0% and 16.7% in patients with hvpertension (FIG, 98).
16162] Table 17 provides bioinformatic analvses for both rs444904 and 15427554, There is
evidence in GTex that 15444904 and red27554 are both eQTLs for PIK3RS 1 whole blood,

with the A allele of both variants associated with decreased gene oxpression. PNase 1

hypersensitivity peaks indicate that both 15444904 and 3427554 are located in arcas of open
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chromatin, thus permitting selective binding of transeription factors, while ChiP-seq revealed
that the two SNPg are potential loci for binding with putative transcription factors.
RegulomeDB, utilizing data from the ENCODE-motif database, indicates that rsd427554 is
located 1n the binding motif for the SP1 transcription factor. Additional data from the JASPAR
database {(using atSNP) predicts preferential binding of SP1 to the G allele of 15444504 rather
than the A allele (p=0.01 for the G allele, and p=0.30 for the A allele}. The majority of non-
coding variation scores provided by SNPnexus shows a higher evidence of regulatory function

ot 13427554 compared to 15444904 {Table 17).
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[6163] The results of the study identified a common intronic SNP (rs444904) located n
PIRK3RS that increased the risk of grade >2 hypertension in patients treated with the VEGF-
pathway inhibitors sorafenib and bevacizumab.

[3164] Biomformatic analyses of 15444904 and rs427554 in PIK3RS showed that both SNPs
arc located in a region that binds numercus transcription factors, mdicating a potential
regulatory role for cach SNP in gene expression (Table 17). rs427554 is located within a
binding mouf for SP1, and rs444904 may alter an SP1 binding motif as described above.
Considening that both SNPs are in complete LI with cach other, it is plausible to suggest that
the G allele of both variants may increase binding of the S§P1 transcription factor to DNA.
6165] In embodiments, the data provided herein proposes a novel mechanism through which
15444904 and rs427554 regulate the expression of PIK3RS and mediate hypertension induced
by sorafenib, bevacizumab, or other VEGF pathway inhibitors. The G allele of both SNPs
allows the binding of SP1, which, by mhibiting the action of DNMT, activates PIK3RS
transcription (F1G. 12} Conversely, the A allele decreases the binding of the 5P, which allows
DNA methylation by DNMT, downregulating PIKSRS transcription, (FIGs. 11 and 12).
[6166] The vahidation of 18444904 i an external dataset utilizing a different VEGF-pathway
inhibitor (such as bevacizumab) provides additional evidence of clinical applicability of
biomarkers of hypertension induced by different anti-angiogenic drugs. Taken together, the
study provides evidence for 15444904 in PIK3RS as a biomarker of hypertension induced by
sorafenib, bevacizumab, and other VEGF pathway nhibitors. Common genetic variants in
PIK3R5, 13444904 and rs427554 in complete LD with each other (R7=1.00), increased the risk
of sorafenib and bevacizumab-induced bypertension in two independent datasets, and may be
used as predictor biomarkers of hypertension imnduced by the whole class of VEGF-pathway

inhibitors

Example 3
18167] Two SNPs associated with grade 22 hypertension in Example 1 above, rs2350620 and
86770663, were evaluated for replication in European ancestry paticants from ECOG-ACRIN
E5103. A summary of the cobort evaluated is provided as Table 18,

Table 18. GWAS patients of European ancestry treated with bevacizumab from ECOG-
ACRIN E5103. £COG Eastern Cooperative Oncology Group, ACRIN American College of
Radiologv fmaging Network, SB# systolic blood pressure, SO standard deviation.
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Validation set ECOG-5103

SBPzi60mm He Gradez3
n=382 #=564

Hypertension* (2, %) 195 (33.5) 177¢(37.8)
Age - Mean (SB) 353 551
Gender Male 0 0

Female 582 564
Cancer type Breast cancer
Treatment Doxorubicin (60 mg/m”) and cyclophosphamide (600 mg/m®) for

four cycles, followed by 12 weeks (4 cveles) of weekly paclitaxel.
Concurrently to chemotherapy, patients received either placebo {arm
A) or bevacizumab 10-15 mg/kg (arms B and C). Patients inarm C
continued bevacizumab monotherapy (15 mg/kg every 3 weeks) for
an additional 10 ¢ycles.

Genotype platform Hlumina Human Cmnil-Ouad and Blumina Human OwniExpress

[3168] Varants 152350620 and rs6770663 were sclected because they were among the top ten
SNPs that also had a concordant effect in three out of four studies (p~value<0.05 for each study)
{Table 5). FIG. 13 shows the cumlative incidence of grade =2 hvpertension for rs2350620
and rs6770663. Table 19 shows the results of the SNPs {ested for replication. The G allele of
186770663 (A>G, MAF 0.08-0.09) was associated with a higher risk of SBP >160 mm Hg
{odds ratio, OR=1.76, p-value=0.005) in ECOG-ACRIN ES103 (Table 28}, similar to the

increased risk of grade >2 hypertension in our study (B=0.57, p-value=4.79x10%) (Table 5).

Table 19. Top two SNPs rasked by unadjusted p-value with a concordant effect in three
put of four studies for grade >2 hypertension in the CALGE trials tested for replication
in the ECOG-ACRIN ES103 GWAS, FCOG Eastern Cooperative Oncology Group,
ACRIN American College of Radiclogy Imaging Network, MAF minor allele frequency,
S8Psystolic biood pressure, OR odds ratie. The row in bold is the one SNP that replicated
in ECOG-ACRIN ES103.

SNP Risk MAF OR pvalue
alele ECOG- {SBP>160 mm (SBP>166 mm
ACRIN Hg) Ho
5103
Grade 22
52350620 T 0.33 1.14 {1,235
rs6 770663 & .10 1.76 8.005

Table 20. Frequency of rs6770663 AA, GA, and G genotypes associated with
bevacizumab-induced hypertension in  ECOG-ACRIN ESI83. FECOG  Eastern
Cooperative Oncology Group, ACRIN American College of Radiology Imaging Network,
SBF systolic biood pressure.
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156770663
AA GA GG
SBP >160 147 (75.4%; | 45 (23.1%) | 3 (1.5%)

{cases, n=195)
Ng hypertension
{controls, n=387)

(a3

27 (84.5%) | 59(152%) | 1 (0.3%)

[3169] Table 21 shows published studies that reported associations between 37 SNPs and
bevacizumab-induced hypertension with p-value<0.05. Qut of 37 SNPs, 26 of them had either
the same SNP or a proxy for it. Three out of the 26 SNPs were associated with composite
toxicity (but with neither hypertension nor proteinuria) with the same direction of the effect

{ctther reduced or increased risk) in the herem provided study {Table 22).

Table 21. SNPs previously associated with bevacizumab-induced hypertension in the
literature. FEGF vascular endothelial growth factor, VO nitric oxide, CTCAE Common
Toxicity Criteria for Adverse Events, FOLFIRI S-fluovouracl (5-FU} + irinotecan,
FOLFOX 5-FU + oxaliplatin, XFLOX capecitabine + oxaliplatin, 88 systolic blood
pressure, Not on platferm means that either the reported SNP or SNPs in high LD

{R%>0.8) were not on the genotype platforms in our study.

Reference SHP Genes Hypertension | Concomitant MNumber of {linical trial
sefection associated | phenotype treatment bevacizumab | discovery set
method treated

patients

Lietal Sequencing | ASPO04ARI | Grade >3 FOLFIRI or ol Discovery:

{(2018) of PRKCA (CFCAER FOLFOX6 CALGB
174 CACNAIC {v3.0) 803403
candidate HSPOOABI
genes CCL2 Validation;
{(VEGYF PDRE3SB CALGB
signaling, NOSIP 40502,
endothelial FILT4 CALGEB
cell biology, 90401, and
NG ECOG-5103
signaling or
essential
hypertension
genes)

Frev et al. 103 SNPsin | GRRKY Grade >4 Cisplatin and 114 & climcal

2017) 11 genes KLKBI (CTCAE taxotere/ yials at
(VEGEF and | VEGF v3.0% doxorubicin, and Memorial
essential WNK ! cyclophospharnide/ Sloan-
hyperiension pachtaxel and Kettering
associated cisplatie/ erlotinib/ Cancer
2enes) fetrozole/ S-1 and Center

oxaliplatin

Berger ¢t al. 12 SNPs in FIP200 Grade 22 FOLFIRI 219 TRIBE

(2017) & ATGI3 (CTCAE
autophagy- v3.0)
related
2enes
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Gampenrieder | 10 SNPsin VEGEA Grade >3 Capecitabine or 163 Retrospective
ctal (2017) VEGHA, taxane selection of
FLTT, patients from
STK39, hospital
EDNI, and records
UMOD
Sibertin- 10 SNPgin | VEGH Grade > 5-FU based 89 Retrospective
Blanc et al VEGFA, (CTCAE chemotherapy (the selection of
2015 FLT], KOR, v3.0) majority FOLFIRD) patients from
and fIF14 hospital
records
Lambrechts et | 236 SNPsin | KGLN3 Grade >3 XELOX or 8G7 NO16966,
al. (2014) 14 penes KR {(CTCAE FOLFOX4/ AVTA,
(VEGF and | HPAST v3.0) gemcitabine and AVALL,
essential ELT] edotinib/ cisplatin AVOREN,
bvpertension | FLT4 and gemcitabing/ AVADO,
associated EGF wterdferon a-2a/ AVAGAST
genes). WNKI docetaxel/
capecitabine and
cisplatin
Morita et al. 5 SNPs in VEGHA Grade 22 FOLFIRI or o5 Retrospective
(2013} VEGEA {CTCAR FOLFOXo6 or selection of
vd ) 5-FU or patients from
XELOX hospital
records
Etienne- 5 SNPs in VEGEA Grade >1 Paclitaxel or 137 ATHENA
Grimaldi et VEGEA (CTCAE docetaxel or
al. (2011 v3.0) navelbing
Schneider ¢t 7 3NPs in VEGEA Grade >3 Paclitaxel {80 ECOG-2100
al. (2008) VEGE and {(CTCAE
KDR v2.0)
Table 22. Previously reported variants associsted with bevacizumab-induced

hypertension. The associations with a p-value <0.05 and same direction of effect for grade
>2 composite foxicity in our study are shown. Proxy rs%00205 was genotyped only in
CALGRE 90401, and proxy rs833070 was genotyped only in CALGB 40503,

SKP Region Base Risk (iterature) Risk (our study)
(literature) change
359189063 PRECA G>A Increased grade >3 Proxy 139900205 (R%=0.82)
intronic hypertension in CALGB  Increased grade >2 composite
80405 toxicity in CALGB 90401
($=0.49, p=0.02)
rs93%81299 3kb3 from T>C Increased grade >3 Increased grade =2 composite
HSPOOABL hypertension in CALGEB  toxicity in CALGE 80303, 40503,
and 10kb 3 30403 (discovery set), and 90401 {§=0.39, p=0.02)
from of and 10 CALGB 40502
SLC29A1 and BCOG 5103
{validation sets), but not
in CALGB 90401
5833061 3ofVEGEE T Diecreased grade =2 (7) Proxy 15833070 (R%=0.98)

and grade >3 (6)
hypertension

Decreased grade >2 composite
toxicity 10 CALGB 40503 (B=-

044, p=0.03)
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{3170} Taken together, the studies provided herein were the largest genome-wide analysis of
bevacizumab-induced hypertension and proteinuria, which incloded 1,041 cancer patients from
four randomized phase I clinical trials. The large sample size, randomized design, and
standardized collection of the phenotypic and genotvpic data facilitated the testing of genetic
associations of drug response n patients. The use of genomic data from different studies
allowed the eovaluation of concordance of the effect, increasing the validity of these
associations. For the first time, a variant in KCN4A B! for bevacizumab-induced hypertension
was identified from an independent, external dataset provided and provided evidence of clinical
actionability. Accordingly, the resolts of the study provide a critical identification of SNPs and
gene variants that can be used to provide improved and safer methods for treating patients with
hevacizumab or other VEGF pathway inhibitor drugs. For example, patients indicated for or
being treated with an inhibitor of the VEGF pathway {¢.g., bevacizumab) can be assessed for
the presence of 186770663, and treatment modified accordingly (c.g., pre-treatment with anti-
bhypertensive supportive therapy and/or dose modification and/or delivery of an alternative to
the VEGF pathway inhibitor).

16171] Importantly, the stady established replication of the effect of 136770663 {(A>(), intronic
in KCNABI, as a variant for the risk of hypertension. Similar to the CALGB studies where it
mcreased the risk of grade >2 hypertension, rs6770663 was also assoctated with a higher nisk
of SBP 2160 mam Hg s ECOG-ACRIN ES103 (Table 14, FIG. 13).

(0172} In additon to KONAR!, the studies provided herein identified other new candidate
genes associated with VEGF pathway mshibitor-induced toxicity. This selection was based
upon the strength and probability of the associations, the biological plausibility of gene, and
the bioinformatic prediction of the SNP effect on the gene function or expression. Under this
set of evaluations, ASPH was also identified as a now gene for VEGF pathway inhibitor-
induced hvpertension, based upon the signal of intronic rs2350620 (FIG. 13). Varniant
182350620 (A>(G) reduced the nisk of bevacizumab-induced bypertension and has SNPs in
complete LD located in regulatory regions in HUVEC, aorta and the heart (Table 14}, Also,
182350620 is in complete LD with a deletion in ASPH (1535026059, T>-3, and CTCF can act
as an insulator of the expression of ASFH because of binding in the presence the T aliele (Table
14}

{31731 Despite many vears of use of bevacizumab, hyperiension and proteinuria still represent
an obstacle to full delivery of effective therapy and pose a threat for patients and their quality
of life. The studies provided hercin identified rs6770663 in KCNAB! as a novel marker of

bevacizumab-induced hypertension that can be used to guide decisions on the risk assessment
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of patients treated with any VEGF pathway mhibitor. Other novel candidate genes are ASPH
for hypertension, and TRIO and DNAHS for proteinuria. Because these toxicities are also
shared by many other antiangiogenesis drugs, the availability of these resulis in the public
domam will expedite their translation into clinical application for other drugs with a stmilar
mechanism of action.

6174] In summary, the results of the studies provided herein showed that vanant rs6770663
in KCNABJ was associated with an increased the risk of hypertension (p=4.79x10). This was
validated m ECOG-ACRIN E3103 (p=0.005). Vanant rs2350620 in APSH was associated with
a decreased risk of hypertension (p=1.44x10°) and 3339947 (between DNAHS and TRIO) was
associated with an increased risk of proteinuria (p=7.66x1(™®). Three variants previously
associated with bevacizumab-induced hypertension were associated with composite toxicity
(but not hypertension} with the same direction of effect in our study. To the knowledge of the
inventors, this was the largest GWAS of bevacizumab-treated patients from randomized trials.
The study has identiticd new genes nvolved in bevacizumab-induced hypertension and
proteinunia. Genetic vanation in KOUNAZ! can be regarded to as a new validated biomarker to

predict the risk of bevacizumab-induced hypertension,

[6175) Al literature and similar materials cited in this application, including but not limited
to, patenis, patent applications, articles, books, treatises, and internet web pages are expressly
mncorporated by reference in their entirety for any purpose. Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as 1s commonly understood
by one of ordimary skill n the art to which the vanous embodiments described herein belongs.
When detinitions of terms n incorporated references appear to differ from the definitions
provided i the present teachings, the definition provided in the present tcachings shall control.
{3176} Various modifications and variations of the described compositions, methods, and uses
of the technology will be apparent to those skilled in the art without departing from the scope
and spirit of the technology as described. Although the technology has been described in
connection with specific exemplary embodiments, i should be understood that the disclosure
as claimed should not be unduly bimited to such specific cmbodiments. Indeed, various
modifications of the described modes for carrving out the disclosure that are obvious to those
skilled in phamacology, biochemistry, medical science, or related fields are intended to be

within the scope of the following claims.
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A method comprising:
detecting a mutation in ong or more nucleic acids in a sample obtained from a
subject, wherein the subject is undergoing therapy or 1s a candidate for therapy

with a VEGF-pathway inhibitor.

The method of claim 1, further comprising determining the risk of developing
one or moic YEGF-pathway inhibitor-induced toxicities in the subject based
upon the presence or absence of the mutation in the ong or more nucleis acids

in the sample.

A method of predicting the nsk of developing one or more VEGF-pathway

inhibitor-induced toxicities in a subject, comprising:

a. detecting a mutation in one or more nucleic acids in a sample obtained
from the subject, wherein the subject is undergoing therapy or is a
candidate for therapy with a VEGF-pathway inhibitor; and

b. determining the risk of developing one or more VEGF-pathway
inhibitor-induced toxicities in the subject based upon the presence or

absence of the mutation 1n the one or more nucleic acids in the sample.

The method of any one of claims 1-3, wherein detecting a mutation in ong or
more nucleic acids m the sample comprises detecting a single nucleotide

polymorphism (SNP} in the one or more nucleic acids in the sample.

The method of claim 4, wherein the SNP is located in a gene provided in Table

8 or Table 9.

The method of claim 4, wherein the SNP 13 selected from the SNPs provided m
Table 4, Table 5, Table 6, Table 7, Table 10, Table 11, Table 12, Table 13,
15444904, and rs427554.

The method of claim 4, wherein the SNP is selected from the group consisting
of 3339947, rs12482855, 13135230, 2350620, rs11662763, rs6770663,
rs408130, rsd 18173, ra12482855, rs444904, and rs427554.
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The method of any one of claims 2-7, wherein the one or more VEGF-pathway

inhibitor-induced toxicities are selected from proteinurnia, hypertension, or both.

The method of claim 8, wherein determining the risk of developing one or more

VEGF-pathway inhibitor-induced toxicities in the subject comprises:

a. diagnosing the subject as having a high risk of developing proteinura
when the base identified at rs339947 15 an adenine, the base identified at
rs12482855 15 an adenine, the base identified at rs11662763 15 an
adenine, the base identified at rsd(08130 is an adenine, the base identified
at rs418173 1s an adenine, or the base identified at rs12482855 1s an
adenine;

b. diagnosing the subject as having a high risk of developing hypertension
when the base identified at 1813135230 1s an adenine, the base dentified
at 1511662763 1s an adenine, the base identified at rs6770663 is a
guaning, the base identificd at 15444904 1s an adenine, or the hase
wdentificd at rs427554 1s an adenine;

diagnosing the subject as having a low risk of developing hypertension

L]

when the base identified at 12350620 1s a guanine; or
d. diagnosing the subject as having a high nsk of developing proteinurnia

and hypertension when the base identified at rs11662763 is an adenine.

The method of any one of claims 2-9, further comprising lowering the dose of
the VEGF-pathway inhibitor or ceasing treatment with the VEGF-pathway
inhibitor when the subject is determined to have a high risk of developing

proteinuria, hypertension, or both.

The method of any one of claims 2-10, further comprising providing the subject
with one or more supportive therapies when the subject 1s determined to have a
high nisk of developing proteinuna, hypertension, or both, wherein the onc or
more supportive therapies include one or more anti-hypertensive agents, one or

more proteinuria medications, or a combination thereof.

The method of one of claims 2-9, further comprising providing the subject with
a VEGF-pathway inhibitor when the subject is determined to have a low risk of

developing proteinunia, hypertension, or both.
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A method of treating a subject, the method compnsing the steps of

detecting a mutation in one or more nucleic acids in a sampie obtained
from a subject, wherein the subject is undergoing therapy or is a
candidate for therapy with a VEGF-pathway nhibitor;

determining the nsk of developmg one or more VEGF-pathway
inhibitor-induced toxicities 1n the subject based upon the presence or
absence of the mutation in the one or more nucleic acids in the sample;
and

modulating therapy with a VEGF-pathway inhibitor and/or providing
the subject with one or more supportive therapies based upon the
determined risk of developing one or more VEGF-pathway inhibitor-

induced toxicities in the subject.

A method of treating a subject, the method comprnsing the steps of!

determining the risk of developing one or more VEGF-pathway
inhibitor-mduced toxicities 1n the subject based upon the presence or
absence of a mutation in one or more nucleic acids in a sample obtained
from a subject, wherein the subject 1s undergoing therapy or is a
candidate for therapy with a VEGF-pathway inhibitor; and

modulating therapy with a VEGF-pathway inhibitor and/or providing
the subject with one or more supportive therapics based upon the
determined risk of developing one or more VEGF-pathway inhibitor-

induced toxicities in the subject.

The method of any claim 13 or 14, wherein detecting a mutation in one or more

nucleic acids i the sample comprises detecting a single nucleotide

polvmorphism (SNP} in the one or more nucleic acids i the sample.

The method of claim 15, wherein the SNP 1s located 1n a gene provided in Table

& or Table ©.

The method of ¢laim 15, wherein the SNP i3 selected from the SNPs provided
in Table 4, Table 3, Table 6, Table 7, Table 10, Table 11, Table 12, Table 13,
rs444904, and rs427554.
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The method of claim 15, wherein the SNP 1s selected from the group consisting
of 15339947, 512482855, rs13135230, rs2350620, rs11662763, rs6770663,
408130, rs4 18173, rs124828535, rs444904, and 15427554,

The method of any one of claims 13-18, wherein the one or more VEGF-
pathway inlibitor-induced toxicities are selected from proteinuna,

hypertension, or both.

The method of claim 19, wheren determuning the nisk of developing one or

more VEGF-pathway inhibitor-indoced toxicities in the subject comprises:

a. diagnosing the subject as having a high nsk of developing proteinuna
when the base identificd at 13335947 15 an adenine, the base identified at
rs12482%855 is an adenine, the base identified at rs11662763 is an
adenine, the base identiticd at rs408 130 is an adenine, the base identificd
at 5418173 15 an adenine, or the base identified at rs12482855 15 an
adening;

b. diagnosing the subject as having a high risk of developing hvpertension
when the base identificd at 513135230 1s an adenine, the base identified
at 1511662763 15 an adening, the base identified at ve6770663 1s a
guanime, the base identified at ry444904 13 an adening, or the base
identified at 13427554 1s an adenine;

c. diagnosing the subject as having a low risk of developing bvpertension
when the base identified at rs23350620 1s a guanine; or

d. diagnosing the subject as having a high nsk of developing proteinuria

and hypertension when the base identified at rs11662763 is an adening.
The method of claim 20, comprising:

a. lowering the dose of the VEGE-pathway inhibitor or ceasing treatment
with the VEGF-pathway inhibitor when the subject 15 determined to
have a high sk of developing proteimuria, hypertension, or both; or

b. providing the subject with a VEGF-pathway inhibitor when the subject
13 determined to have a low risk of developing proteinuria, hypertension,

or both.
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The method of claim 20 or 21, comprising providing the subject with one or
more supportive therapics when the subject is determined to have a high risk of
developing proteinuna, hyvperension, or both, wherein the one or more
supportive therapies include one or more anti-hypertensive agents, one or more

protemuria medications, or a combination thereof.

The method of any one of claims 13-22, wherem the subject was receiving a
first supportive therapy prior to administration of the VEGF-pathway inhibitor,
and wherein providing the subject with onc or more supportive therapics
comprises adding a second supportive therapy to the subject’s treatment
regimen, increasing the dose of the first supportive therapy, switching the
subject to a different supportive therapy relative to the first sapportive therapy,
and/or switching the subject to a supportive therapy that s m a different class

of therapeutic agent relative to the first supportive therapy.

The method of any one of claims 13-23, wherein the supportive therapy

comprises blood pressure monitoring.

The method of any one of claims 13-24, whercin at lcast one of the one or more
supportive therapies is an anti-hypertensive agent of a class sclected from the
group consisting of diuretics, beta blockers, alpha and beta blockers, calcium
channel blockers, Aungiotensin-converiing enzvme (ACE} inhibifors,
angiotensin 1 receptor antagonists {ARBs), adrenergic receptor antagonists,
vasodilators, repin  inhibitors, aldosterone receptor antagonists, alpha-2
adrenergic receptor agonists, ceniral alpha-2 agonists and other centrally acting

drugs, and cndothelin receptor blockers.

The method of any one of claims 13-25, wherein the modulating therapy with
the VEGF pathway nhibitor comprises reducing exposure of the subject to the

VEGF pathway inhibitor.

The method of claim any one of claims 13-25, wherein modulating therapy with
the VEGF pathway inhibitor compnises delaymg initiation of treatment with the
VEGF inhibitor, reducing the dose of the VEGFE inhibitor, reducing the total

number of doses of the VEGF inhibitor, reducing the dosing frequency of the

123



WO 2021/055089 PCT/US2020/042503

28.

3L

VEGF mhubitor, and/or selecting a different VEGF pathway inhibitor or a non-

YVEGF pathway inhibitor therapy 1o the method of treating the paticot.

The method of claim 27, wherein reducing the dose or the total munber of doses
of the VEGF inhibitor comprises reducing the dose or the total number of doses
by about 5%, about 10%, about 25%, about 33%, about 50%, or about 75%
relative to a reference dose or a reference total number of doses, wherein the
reference dose or the reference total number of doses are the dose or total

number of doses provided in prescribing information for the VEGF inhibitor.

The method of claim 27, wherein reducing the dosing frequency of the VEGF
inhibitor comprises reducing the dosing frequency to about halt as often as the

dosing frequency provided in prescribing information for the VEGF nhibitor.

The method of any one of clats 1-29, wherein the VEGF-pathway nhibitor is

an antibody or a small molecule.

The method of claim 30, wherein the VEGF-pathway inhibitor s sclected from
the group consisting of bevacizumab, bevacizumab-awwb, bevacizumab-byzr,
rantbizumab,  aflibercept,  ziv-atlibercept,  lenalidomide, lenvatinib,
ramucirumab, cabozantinib, pazopanib, sunitinib malate, regorafenib, axitinib,
tiptracit and tnflunidine, ponatinib, vandetanib, sorafenth, everolimus,
thalidonude, temsirolimus, interferon alfa, interferon alfa-2B, mterferon alfa-
N3, peginterferon alfa-2B, peginterferon alfa-2A. rhEndostating cediranib,
semaxanib, pomalidomide, alitretinoin, imiguimod, singcatechins, vismodegib,
sonidegib, pegaptanib  sodium, dexamethasone intravitreal implant,
fluccinolone  acetomde,  conbercept,  brolucizamab-dbll,  selpercatinib,

nintedanib, apatinib, and motesantb.
The method of any one of claims 1-31, wherein the subject 1s a mammal.
The method of claim 32, wherein the subject is a human.

A method for treating or preventing a VEGF pathway inhibitor-induced toxieity
in a subject in need of treatment with a VEGF pathway inhubitor, the method

comprising
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(1} identifying the subject as having a mutation i the gene KCNAB! and

(11} treating the subject with one or more prophylactic therapies for the

foxicity.

The method of clamm 34, wherein the mutation in the gene 1s a mutation that

lowers expregsion of KONAB/! relative to wildtype.
The method of clatm 33, wherein the mutation 1s SNP rs6770663.
The method of claim 36, wherein the base identified at rs6770663 13 a guanine.

The method of anv one of claims 34-37, whercin the toxicity comprises

hypertension.

The method of claim 38, wherein the prophylactic therapy i1s an anti-

hypertensive agent.

The method of claim 39, wherein the anti-hypertensive agent is in a class of
drag selected from the group consisting of loop diuretics, thiazide diuretics,
thiazide-like druretics, potassium-sparing digreties, calcium channel blockers,
ACE inhibitors, angictensin {I receptor antagonists, adrencrgic receptor
antagonists, vasodilators, renin inhibitors, aldosterone receptor anfagonists,

alpha-2 adrenergic receptor agonists, and endothelin receptor blockers.

The method of any one of claims 34-40, further comprising reducing exposure
of the subject to the VEGF pathway inhibitor relative to the exposure of a
subject who is treated as provided on prescribing information for the VEGF

pathway mhibitor.

The method of claim 41, wherein reducing the exposure of the subject to the
VEGF pathway mhibitor comprises delaying imitiation of treatment with the
VEGF mhibitor, reducing the dose of the VEGF inhibitor, reducing the total
number of doses of the VEGF inhibitor, reducing the dosing frequency of the
VEGF inhibitor, and/or selecting a different VEGF pathway inhibitor or a non-

VEGF pathway inhibitor therapy in the method of treating the patient.
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The method of claim 41, wherein reducing the dose or the total number of doses
of the VEGF inhibitor comprises reducing the dose or the total number of doses
by about 5%, about 10%, about 25%, about 33%, about 50%. or about 75%
refative 1o a reference dose or a reference total number of doses, whereimn the
reference dose or the reference total number of doses are the dose or total

number of doses provided in prescribing information for the VEGF inhibitor.

The method of claim 41, wherein reducing the dosing frequency of the VEGF
inhibitor comprises reducing the dosing frequency to about half as often as the

dosing frequency provided in prescribing information for the VEGF inlubitor,

The method of anv one of clavus 34-44, wherein the subject is treated with the

prophvlactic therapy prior to or concurrently with the VEGF pathway inhibitor.

The method of any onc of claims 34~45, wherein treatment of the subject with
the VEGY pathway inhibitor is delaved until the subject has been treated with

the prophylactic therapy for at least 1 day.

The method of claim any one of claims 34-46, wherein identifying the subject
as having a mutation in KCNAR/ comprises obiaining a biological sample from

the subject and testing the subject for the presence or absence of the mutation.

The method of any ong of claims 34-47, wherein the VEGF pathway inhibitor
is sclected from the group consisting of bevacizumab, bevacizumab-awwb,
bevacizumab bvzr, rambizumab, atlibercept, ziv-aflibercept, lenalidomide,
lenvatinib, ramucirumab, cabozantimb, pazopanib, sunitinib  malate,
regorafenib, axitinib, tipiract and tnfluridine, ponatinib, vandetanmb, sorafentb,
everolimus, thalidonude, temsirolimus, nterferon alfa, miterforon alfa-2B,
mterferon alfa-N3, peginterferon alfa-2B, peginterferon alfa-2 A, rhEndostatin,
cediranib, semaxamb, pomalidomide, alitretinoin, miguamod, sinecatechins,
vismodegib, sonidegib, pegaptanib sodium, dexamethasone intravitreal implant,
fluocinolone  acctonide, comnbercept, brolucizumab-dbll,  selpercatinib,

nintedanib, apatimib, and motesanib.

The method of claim 48, wherein the VEGF pathway mhibitor is bevacizumab.
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The method of claim 49, wherein the method compnises identifving the presence
of KNP rs6770663 in a biclogical sample obtained from the subject, modulating
the treatment of the subject by administering an anti-hyperiensive agent to the
subject prior fo or concurrently with administration of bevacizumab, moniforing
the blood pressure of the subject, and/or modulating the dose of bevacizumab

admimistered to the subject.

A method for treating a subject having a disease or disorder associated with

neovascularization or angiogenesis, the method comprising
(1} identifving the subject as baving a mutation in the gene KCNABI;
(11} treating the subject with an anti-hyperiensive agent; and
(11} treating the subject with a VEGF pathway mhibitor,

The method of claim 31, wherein the mutation in the gene 1s a mutation that

lowers expression of KONAEB/ relative to wild type.
The method of claim 51 or 52, wherein the mutation 15 SNP rs6770663.

The method of any one of claims 51-33, wherein the anti-hypertensive agent is
in a drug class selected from the group consisting of loop diuretics, thiaznide
diuretics, thiazide-like diuretics, potassium-sparing diurctics, calenm channel
blockers, ACE inhibitors, angiotensin II receptor antagonists, adrencrgic
receptor antagonists, vasodilators, renin inhibitors, aldosterone receptor
antagonisis, aipha-2 adrenergic receptor agonists, and endothelin receptor

blockers.

The method of any one of claims 51-34, further comprising monttoring the

blood pressure of the subject.

The method of claim any one of claims 51-55, wherein treating the subject with
an anti-hypertensive agent comprises adding one or more additional anti-
hypertensive agent to the subjoct’s treatment regimen, switching the subject’s
anti-hvpertensive treatment regimen to a different anti-hypertensive agent,

and/or increasing the dose and/or freqaency of dosing of an anti-hypertensive
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agent relative to the dose administered to the subject prior to treatment with the

VEGF pathway inhibitor.

The method of any one of claims 51-36, wherein treating the subject with the
VEGF pathway inlubitor comprises reducing exposure of the subject to the
VEGF pathway intubitor relative to the exposure of a subject treated as provided

on preseribing mformation for the VEGF pathway inhibitor.

The method of claim 57, wherein reducing the exposure of the subject to the
VEGF pathway mhibitor comprises delaying mitiation of treatment with the
VEGF mhibitor, reducing the dose of the VEGF inhibitor, reducing the total
number of doses of the VEGF inhibitor, reducing the dosing frequency of the
VEGF inhibitor, and/or selecting a different VEGF pathway mhibttor or a non-

VEGF pathway inhibitor therapy in the method of treating the patient,

The method of claim 58, wherein reducing the dose or the total number of doses
of the VEGF inhibitor comprises reducing the dose or the total number of doses
by about 5%, about 10%, about 23%, about 33%, about 50%, or about 75%
relative to a reference dose or a reference total number of doses, wherein the
reference dose or the reference total number of doses are the dose or total

munber of doses provided in preseribing information for the VEGYE inhibitor.

The method of claim 38, wherein reducing the dosing frequency of the VEGF
inhibitor comprises reducing the dosing frequency to about half as often as the

dosing frequency provided mn prescribing information for the VEGF inhibitor

The method of any ong of claims 51-60, wherein identifying the subject as
having a mutation mn KCNAH/] comprises obtaining a biological samplc from

the subject and testing the subject for the presence or absence of the mutation.

The method of claim 61, wherein the method comprises detecting the presence

of a guanine at the base identified as 186770663 in the biological sample.

The method of any one of claims 51-63, wherein the VEGF pathway inlubitor
is selected from the group consisting of bevacizumab, bevacizumab-awwb,
bevacizumab bvzr, ranibizumab, aflibercept. ziv-aflibercept, lenalidomide,

lenvatimb, ramucirumab, cabozantimb, pazopamb, sooitimb  malate,
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regorafenib, axatinib, tipiract and trifluridine, ponatinib, vandetamb, sorafenib,
everclimus, thalidomide, temsirolimus, interferon alfa, mterferon alfa-2B,
utterferon alfa-N3, peginterferon alfa-2B, peginterferon alfa-2 A, thEndostatin,
cediranib, semaxanib, pomalidomide, alitretinom, mmiguimod, sinecatechins,
vismodegib, sonidegib, pegaptanib sodivm, dexamethasone intravitreal implant,
fuccimolong  acetonide,  combercept, brolucizumab-dbll,  selpercatinib,

nintedanth, apatinib, and motesanib.

64. The method of claim 63, wherein the VEGF pathway inhibitor is bevacizumab.
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