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ANGIOPOIETIN-2 BIOMARKERS PREDICTIVE OF ANTIHIMMUNE
CHECKPOINT RESPONSE

Lross-Retersnre to Related Applications

This application clamns the benefit of ULS. Provisional Application No. 82/218,624,
filed on 15 September 2015; ULS. Provisional Application No. 62/218,277, filed on 14
September 201 5 and US. Provisional Application No. 62/60.230. filed on 6 October
2014 ; the entire contents of cach of said applications are incorporated herein m thewr

entivety by this reference.

Backereund of the Invention

Cancer woawne therapy is a rapidly developing ficld that bas viclded impressive and
pronusing breakthroughs, For example, the blockade of the immune checkpoint molecude,
CTLA-4, has been proven to increase overall survival of metastatic welanoma patients and
ipthmumab, an anti-CTLA-4 antibody, has been approved by the FDA as a standard
therapy for late~-stage melanoma. Malignant melanoma is a neoplastie disease with
mereasing incidence, poor progaosis, and fimited weatment options, particudarly n
advanced tumnors, The S-vear survival rate for advanced melanoma patients wath distant
metastases s still as low as 3% to 10%. However, only a subset of patients achieve a
durable climical response. Whle the combinaton of ipilimumab with anti-VEGE (e g,
bevacizamab) or PDR-1 blockade inereases chimeal efficacy and response rate of iptlimumab,
the best response rate thus far observed has been approximately 30% using ipilonemab in
combination with PD-1 blockade.

Reliable biomarkers that can predict response or resistance o immune therapies
{e.g., blockade of mumune checkpomnt modecales, such as CTLA-4} blockade ave therefore
critical for stratifying pationt populations and sclecting patients who will or will not benefit
from such immune therapies. However, such biomarkers are not cwrrently known,
Accordingly, thore is a great need 1o identify such biomarkers useful for diagnostic,

prognostic, and therapeutic parposes.

Summary of the Invention
The present 1nvention is based, at least i part, on the discovery that circulating

Ang-2 15 a highly specific carly biomarker for prediction of clinical outcones (e g, poor
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clinical owtcomes such as progressive disease and shortened survival} in cancer patients
treated with anti-immane checkpoint therapies, sach as those comprising an anti-CTLA-4
therapeutic (e.g., iptimumab alone, ipilimamab in combmation with bevacizamab, and the
Like). Increased circulating Ang-2 is a mechanism for resistance to anti~cancer
5 bnnwmotherapy and adding anti-Ang-2 therapeutics is believed to mmprove the efficacy of
ardi-cancer tnnunetherapies,
in one aspect, a method of wlentifying the likelihood of a cancer in a subject to be
responsive to an anti-inwmune checkpoint therapy, the method comprising: ) obtaming or
providing a paticnt sample from a patient having cancer; b measuring the amount or
10 aotivity of at keast one biomarker fisted in Table 1 in the subject sample; and ¢) comparing
sasd amount or activity of the at least one biomarker histed in Table 1 in a control sample,
wherein a significantly increased amowt or activity of the at least one biomarker listed in
Table 1 in the subjeet samaple relative to the control sanple identifies the cancer as being

less likely to be responstve to the anti-umume checkpoint therapy and wherein g decreased

L

amount or activity of the at least one biomarker listed n Table 1 m the subject sample
relative to the control sample wentifies the cancer as being more likely to be responsive to
the anti-inmnang checkpoint therapy, Is provided.

In another aspect, a method of identifving the likelihood of a cancer in a subject to
be responsive to anti-imiune checkpoint therapy, the method comprising: aj obtaining or
A provuding a pationt sample froms a patient having cancer, wheremn the sample comprises
nucleic acid mwlecules from the subject; b) detormining the copy number of at least one
biomarker listed in Table 1 in the sample; and ¢) comparing said copy nwmber to that of a
control samiple, wherein an increased copy mumber of the biomarker in the sample relative
to the controf sample identifics the cancer as being less bkely to be responsive fo the anti-
25 immune checkpoint therapy and wherein a decreased copy number of the biomarker in the

sample relative o the control sample identifies the cancer as being more likely to be
responsive to the anti-immune checkpoint therapy, 1s provided.
The methods of the present nvention are charactenized by many embodiments and
cach such cmbodiment can be applied to any method described beretin. For exanple, inone
W cmbodiment, the method further comprises recommending, preseribing, or administening
anti-imoume checkpoint therapy i the cancer is determined likely to be rosponsive to anti-
iromune checkpoint thervapy or administerning anti-cancer thorapy other than anti-mmune

checkpoint therapy if the cancer is determined be less bikely to be responsive to anti-
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mune checkpoint therapy. In another embodiment, the anti-cancer therapy 1s selected
from the group consisting of targeted therapy, chemotherapy, radiation therapy, andior
hormonal therapy. {n still another embodiment, the control sample is deternuned from a
cancerous of non-cancerous sample from either the patient or & member of the same species
to which the patent belongs. In vet another embodiment, the controf sample 15 a cancerous
or non-cancerous sample from the patient obtained from an eaclier point in time than the
patient sample, optionally wherein the control sample is obtatned before the patient has
recetved anti-smmune checkpoint therapy and the patient sample 1s obtamned after the
patient has received anti-immune checkpoint therapy, In another embodiment, the control
sample comprises cells or does not comprise cells. In still another embeodiment, the control
sample comprises cancer cells known to be responsive or non-responsive to the anti-
immune checkpoint therapy.

in stilf another aspect, a method of assessing the efficacy of an agent for treating a
cancer 1 a subject that is unbikely to be responsive to anti-iowoune checkpoint therapy,
comprising: a} detecting in a first subject sample and mamtained 1n the presence of the
agent the amownt or activity of at least one omarker fisted in Table 1, b} detecting the
amount or activity of the at least ong biomarker listed in Table | in a seeond subjeet sample
and maintained in the absence of the test compound; and ¢) comparing the amount or
activity of the at least one blomarker Histed in Table 1 from steps a) and b), wherein a
sigmificantly increased amonnt or activity of the at least one biomarker listed in Table 1 i
the first subjoet saraple relative tor at feast one sebsequent sebject sample, indicates that the
agent treats the cancer in the subject, is provided.

In yet another aspect, a method of assessing the efficacy of an agent for treating a
cancer i g subjoct or prognosing progression of a cancer i a subject, comprising: a)
detecting i a subjoet sample at a fivst point in time the amount or activity of at feast one
biomarker histed in Table 1; b} repeating step a) during at least one subsequent point in time
after adornisiation of the agent; and ¢) comparing the expression andfor activity detected
m steps a} and b), wherein a sigmficantly inercased amount or sctivity of the at least one
biomarker tisted i Table | in the first subject sanple relative to at least one subsequent
subject sample, ndicates that the cancer 1s unlikely to progress or that the agent troats the
cancer in the subjeet, is provided.

As stated above, the methods of the present mvention: are characterized by many

embodiments and each such embodiment can be applied to any method described heren.



WO 2016/057367 PCT/US2015/053933

I one embodiment, the subject has undergone treatment, completed treatment, andior is in
rennssion for the cancer between the fivst point in time and the subsequent point in time. In
another embodiment, the fivst andfor at least one subsequent sample is selected from the
group consisting of ey vive and i yivo samples. In still another embodiment, the first
5 andfor at least one subsequent sample is obtained from an animal model of the cancer. In
vet ancther embodiment, the first andfor at least one subsequent sample is a porfion of a
single sample or pooled samples obtained from the subject.
in another aspect, a cell-based assay for seroening for agents that have a cytotoxic or
cviostatic effect on a cancer cell that 1 wresponsive to anti-inumune checkpont therapy
10 conyprising, contacting the cancer cell with a test agent, and determining the ability of the
test agent to deerease the amount or activity of at least one biomarker listed i Table | is
provided. In one embodiment, the step of contacting occus i vive, ex vive, or i vitro.
As stated above, the methods and/or assays of the present invention are

characterized by many embodiments and cach such embodiment can be applied to any

L

method described herein. In one embodiment, the subject sample andfor the control sample
has not been contacted with any melanoma treatiment or inhibitor of an mmunce checkpoint.
In another embeodiment, the subjeet has not been administered any melanoma treatment or
inhibitor of an immune checkpomt. Ia stilf another embodiment, the method or assay
further comprises recommending, preseribing, or administering at least one additional anti-
A cancer therapeatic agent, optionally wherein the ot Teast one additional anti-cancer
therapeutic agent 18 bevacizumab andfor an anti-Ang-2 therapeutic agent.  In yet another
entbodiment, the subject sample 15 selected from the group consisting of seram, whole
blood, plasma, uring, cells, cell Hnes, and biopsies. In another embodiment, the amount of
the at feast one biomarker hsted tn Table 1 s detected using a reagent which speetfically
25 binds with the protain. In still another embodiment, the reagent is sclected from the group
consisting of an antibody, an anttbody derivative, and an antibody fragment. In vet another
embodiment, the at feast one biomarker histed in Table 1 is assessed by detecting the
presence i the sample of a transeribed polymucicotide or portion thereof. In gnother
embodiment, the transeribed polynucleotide 15 an mRNA or 3 eDNAL Inn still another
Wb ombodiment, the step of detecting further comprises amphifving the transeribed
polynuciecotide. Inyet another embodiment, the transcribed polynucleotide s detected by
identitving a nucleic acwd that anneals with the bromarker nucleic acid, or a portion thereof,

ander stringent hybridization conditions. In another embodiment, the at least one
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bromarker tisted in Table 1 s haman Ang-2, or & fragment thereof. In stilf another
embodiment, the anti-imnune checkpoint therapy comprises at feast one antibody selected
from the group consisting of amti-CTLA-4 antibodies, anti-PD-1 antibodics, anti-PD-L1
antibodics, anti-PD-1.2 anttbodies, and combinations thercof. In vet another embodiment,
the anti-imnune checkpoint therapy comprises ipthnuenah. In another embodiment, the
tikelibond of the cancer in the subject 1o be responsive (o anti-inoune checkpoint therapy
15 the likelihood of gt feast one criteria selected from the group consisting of cellular
proliferation, tumor burden, m-stage, metastasis, progressive disease, clmical benefit rate,
survival untild mortality, pathological complete respouse, semi-quantitative measures of
pathologic reaponse, climmeal complete remussion, clinical partial remission, clinicat stable
disense, recurrence-free survival, metastasis free survival, discase free survival, airculating
nanor cell deerease, circulating marker response, and RECIST eritenia. In still another
embedinent, the cancer is a solid tenor, In yet another embodiment, the cancer is a cancer
responstve to mmmumne checkpoint blockade, such as melanoma, non-small cell lung cancer
{(SCLC), or renal cell cancer. In another ambodiment, the melanoma s metasiatic
melanoma. In still another enbodiment, the subject s a manumal, such as an animal model

of cancer or a8 human.

Brief Description of Fieures

Figare 1 includes 3 panels, identified as panels A, B, and €, which show that PD-1
blockade and Ipt mercase crculating Ang-2 levels in sigaificant proportions of paticnts,
winle Ipi-Bev decreases circulating Ang-2 levels i significant proportions of patients.
Panel A shows that Ipi-Bev-treated patients displayed smaller fold changes than Ipi- and
PD-1 blockade-treated patients. Panel B shows the proportion of patients that displayed an
increase {e.g., fold change > 1.25) m senum Ang-2. Panel C shows the proportion of
patients that displayed a decrease (e g., fold changes £ 0.75) in serum Ang-2 fevel

Figure 2 shows that post-treatment civenlating Ang-2 levels s correlated with pre-
treatment fevels in patients treated with the depicted immune checkpoint therapy.

Figure 3 includes 3 panels, identified as pancls A, B, and C, which show the resulis
of pre-treatment and post-treatment circulating Ang-2 i CR/PR, SD and PT patients
treated with e checkpoint therapy (e, Ipi-Bev-treated pationts in Panel A; PD-1

hlockade-treated pationts i Pancl B; and Ipi-treated patients mn Panel ).

3
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Figure 4 includes 6 panels, identified as panels &, B, T, D, E, and F, wihich show
the results of chinical response in comparison to cwrcudating Ang-2 fold change i patients
wreated with inwmane checkpoint therapy (e, Ipi-treated patients in Pancls A-B; PD-1
blockade-treated patients 1n Panels C-D; and Ipi-Bev-treated patients in Panels E-F.
Patients with a fold change of 125 and larger had PD or less frequently SD. Only one It
patient with a fold change of 1.26 achieved PR

Figure 3 includes 6 panels, identified as panels A, B, C, D, . and ¥, which show
Kaplan~-Meer survival curves based on circulating serom Ang-2 fold changes (post-/pre-
treatment ratios) in patiends treated with immmune checkpoint thorapy (Le, Ipi-treated
patients in Panel A; PD-1 blockade-treated patients n Panel B; Ipi-Bev-treated patients
Panel C; Ipi~-Bev-treated patients, with those patients displaying potent antibody response to
Ang-2 excluded, m Panel D; combination of Ipi-treated and Ipi-Bev-treated patients in
Pancl £; and combination of Ipi -treated, Ipi-Bov-ircated, and PD-1 blockade-treated
patients m Panel F). Large fold changes (3 125} were associated with reduced overall
survival, Median survivals in months arc indicated.

Figure 6 includes 3 panels, identificd as pangls A, B, €, D, and E, which show
Kaplan-Meier survival curves based on pre-treatment cicculating senam Ang-2 fevels in
patients treated with inwnune checkpoint therapy (Le., Ipi-Bev-treated patients m Panel A
PD-1 blockade-treated patients in Panel B; Ipi-treated patients m Panel C; combination of
Ipi-treated and Ipi-Bev-treated patients in Panel D; and combination of Ipi,-treated, I~
Bev-treated, and PD-1 blockade-treated patients in Pancl E). High pre-treatiment circulating
Ang-2 {e.g., > 3173 ppiml) was associated with reduced overall survival, Median survivals
m months are indicated.

Figure 7 includes 4 pancly, tdentified as panels A, B, €, and D, which show the
assoctation of high pre-treatment circnlating Ang-2 and moerease in circulating Ang~2 with
reduced response rate. Panels A and B show that high pre-treatment circulfating Ang-2 was
associated with a trend toward to reduced response rate i PD-1 blockade (Pane! A) and Ipi-
Bev {Panel B) patients.  Panels C and D show that an increase in arculating Ang-2 was
significantly associated with reduced response rate in PD-1 blockade (Panel O} and
cambination of Ipi, Ipi-Bev, and PD-1 blockade patients (Panel D).

Figure 8 includes 3 panels, identified as pangls A, B, and C, which show that high
pre-treatment senwnm Ang-2 level followed by large fold change s a strong predictor for

poor OS and progression disease in Ipi, Ipt-Bey and PD-1 blockade patients combined.

.
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Panet A shows Kaplan-Meier swrvival curves based on pretreatiment Ang-2 levels and fold
changes. Panel B shows the response rate according to pre-treatment Ang-2 levels and fold
changes. None of the patients with high pre-treatment Ang-2 lovels and large fold changes
achieved clinical response. Panel C shows the progression rate by pre-treatment Ang-2
levels and fold changes. Of note, 90% of the patents with high pre-treatment Ang-2 levels
and large fold changes had progressive disease. These patients had significantly higher
progression rate than those with small fold changes.

Figure ¥ includes 3 panels, sdentified as panels &, B, €, D, and E, which show that
Int and Ipi-Bev alier tamor Ang-2 expression and macrophage infilivation.  Paived and
sequential pre- and post-ireatment tumor biopsics of melanoma pabionts on Ipi or Ipi-Bev
were stamned with anti-human Ang-2, CD6S, and CD163 antbody, respectively. Panel A
shows that robust upregulation of Ang-2 expression in the post-treatment tumor of an Ipi
patient was accompanied by incrcased infiltration of (D68 and CD1637 macrophages.
Panel B shows that Ang-2 upregulation in the post-treatmuent tumeor endothehia of an Ipi-
Bev patient was accompanied by increased infiltration of CD6R" and CD1637 macrophages
Paned C shows that Ang-2 downregulation in the post-treatment tumer vascelahure of an
Ipi-Bev patient was accompanied by decreased infilivation of CDAR™ and CD163°
macrophages. Panels D and E show quantitative analysis of Ang-2 expression and
macrophage miiftration In aumors with mereased {Panel D} or deereased (Pave] EY tumor
vascular Ang-2 expression. The expression of Ang-2 was presented according to H-Score
amd miacrophage infiltration was expressed as the porcent arca positive for stgining as
proportional o cell number,

Figure 10 inclades 3 pancls, identified as panels A, B, and C, which show results of
regulation of Ang-2 expression in tumor associated endothetial cells (TEC) and melanoma
cells. Panel A shows the results of Bev-mediated reduced Ang-~2 expression in TEC after
96 hours of treatment. Panel B shows that VEGF promoted Ang-2 expression and that Bev
blocked VEGF-induced Ang-2 expression in TEC. Panel € shows that hypoxia ephanced
Ang-2 expression i melanoma cells.

Figure 11 inchudes 2 panels, wdentihed as panels A and B, which show that Ang-2
promotes pugration of M2-like monoeyte derived macrophages. Representative images
{Pancl A} and bar graphs (Panel B} of migration are shown. Migration was driven with 360

ng/mi recomnbinant huan Ang-2. Data are presented as mean & 5D of 3-4 independond

~]
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experiments shown in Panel B, Ang-2 promoted migration of M-CSF_ HL-10 or 1L-4
activated M2-tike, but not IFNWLPS activated M1-hike macrophages.

Frgure 12 includes 3 panels, identified as panels A, B, and €, which show that Ang-
2 mduces PD-L1 expression on macrophages. Macrophages were generated by treatment
of monocytes with M-USF for 6 days and then activated with M-CSF (100 ng/mi), IL-4 (20
ng/mi), or B~ 16 (20 ng/mi) for 2 days in the presence or absence of recombinant Ang-2
{300 ng/ml). Macrophages were collected and stamed with PE-comjugated PD-L1 and then
FiTC-conjugated CD6O8 antibody after permeabilizationfixation. Cells were gated first on
SSCHSC and analyzed for PD-L17 and CD6R” cells (Panel &) or gated on CD68]7 cells and
then analyvzed for PD-L1 expression (Panels B and C). The numbers of M-CSF-activaied
macrophages (Panel A), IL-10-activated macrophages (Panel B}, and H.~4-activated
macrophages (Panel C) are shown.

For any fipare showing a bar histogram, curve, or other data associated with a
legend, the hars, curve, or other data presented from leoft to right for cach indication

correspongd directly and m order to the boxes from top to botiom of the fegend.

Detatled Description of the lavention

It has been determined herein that Ang-2 is a highly specific iomarker for
predicted clinical outcome in cancer patients {e.g., metastatic melanonma patients) receiving
anti-inunune checkpoint-based therapy {e.g., ipilinumab alone or in combination with other
anti-vancer therapeutics). Accordingly, the present invention relates, m part, 1o methods for
stratifving patients and predicting response of a cancer I a subject to anti-imrsune
checkpoint therapy based epon a determination and analvsis of blomarkers deseribed herein
according fo amount {e.g., copy number or fevel of expression} andfor activity, relative to a
control. Tn addition, such analyses can be used in arder fo provide useful anti-mpune
checkpoint treatment regimens {e.g., based on predictions of chinical response, sabject

survival or refapse, tming of adjuvant or neoadjuvant treatinent, ete.).

I Pefuutions
The &rticles “2 ™ and “an™ are used herein fo refier to one of to more than one (e o
at least one) of the grammatical object of the article. By way of example, “an clement”

means one element o more than one clement.
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The term “altered amount” or “altered level” refers to inereased or decreased copy
number {e.g. . germline and/or somatic} of a btomarker nucleic acid, e.g., increased or
decreased expression fovel in a cancer sample, as compared to the expression level or copy
nurmber of the biomarker nuclese acid in a control sample. The term “altered mmount” of 8

5 biomarker also includes an inereased or decreased protein level of a biomarker protein ina
sample, e.g. a cancer sample, as compared to the corresponding protein level 1 a normal,
control sample. Furthermaore, an aliered amount of a bromarker protem may be determined
by detecting posttranslational modification such as methylation status of the marker, which
may affect the expression or activity of the bromarker protein.

i The amount of a bromarker in 3 subject s “significantly”™ higher or lower than the

normal amount of the biomarker, if the amount of the bromarker Is greater or less,
respectively, than the normal level by an amount greater than the standard error of the assay
cinploved (o assess amount, and preforably at feast 2006, 30%, 40%, 50%, 60%, 70%, 80V,

G0%%, T00%, 150%, 2008, 300%0, 350%, 400%,, 300%, 600%, T00%, RO, 000%, 1000%

L

ot than that amount, Such “significance” can be assessed from any desired or known point
of comparison, such as a particular post-treatment versus pre-treatiment omarker
measurement ratio (e g, LOS-fold, 1.1-fold, 1.15-fuld, 1.2-fold, 1.35-fuld, 1.3-fold, 1.35-
fold, 1.4~fold, 1.45-fold, 1.5-fold, 1.55-fold, 1.6-fold, 1 65-fold, 1. 7-fold, 1.75-fold, L &-
fold, 1.85-fold, 1.9-fold, 1.95-fold, and the like} or a particular pre~-treatient serum
21 biomarker protein measurernent (e.g., 2,500 pefml, 2,730 pydml 3,000 paimd, 3,175 peiml,
256 pefmd, 3,500 pp/md, and the like). The values can be measured at discrete times or gt
diserete intervals, such as thme after treatment (2., 1 week, 2 weeks, 3 weeks, 4 weeks, |
month, 2 months, 3 moenths, 4 months, 5 months, 6 months, 7 months, 8 months, ¢ months,
HWimonths, 11 months, 1 vear, o0} or any time inferval therein (e g, tracking vakues every
25 month andfor defermining values between mwonths 3.1 and 1 vear). Alternatively, the
amount of the biomarker in the subject can be considered “sigmficantly”™ higher or lower
than the normal amount if the amount 1s at least about two, and preferably at feast about
three, four, or five times, higher or lower, respectively, than the nonmal amount of the
biomarker. Such “significance™ can also be applied to any other measured parameter
3 described herein, such as for expression, inhibition, eytotoxicity, cell growth, and the like.
Morcover, e comparisons can be used individually or i any combination {e.g., a
particular post-treatment versus pre-treatment biomarker measurement ratio i combination

with a particular pre-treatment senwm biomarker protein measurement).

- Q.
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The term “altered fevel of expression” of a bromarker refers to an expression level
or copy number of the bromarker 1n a test sample, e.g., a sample derived from a patent
saffering from cancer, that is greater or less than the standard error of the assay emploved
10 85088 expression or copy mumber, and is preferably at least twice, and more preferably

5 dwee, foar, five or ten o more times the expression level or copy number of the biomarker
i a control sample {e.g., sample from a healthy subjecs not having the associated disease)
and preferably, the average expression level or copy number of the biomarker in several
control samples. The altered level of expression is greater or less than the standard ervor of
the assayv cmploved 1o assess expression or copy munber, and is preferably at least 20%,

10 308, 405, 50%, 6055, T0%, 80%, SU%, 100%, 150%, 200%, 300%4, 3500, 400%, 500%,

GO0%, TOO%, 8OO, 900%,, HO00%, or more times the expression level or copy number of

the biomarker in a control sample (g, sample from a bealthy subjects not having the
associated discase) and proferably, the average expression level or copy mumber of the

bivmarker in several control samples,

L

The term “altered activity”™ of a blomarker refers to an activity of the biomarker
which is increased or decreased in a discase state, e.g., i a cancer sample, as compared to
the activity of the biomarker in a normal, control sample. Altered activity of the biomarker
may be the result of, for example, aliered expression of the biomarker, altered protein level
of the biomarker, altered structsre of the blomarker, or, ez, an altered interaction with
A other proteins involved m the same or different pathway as the bromarker or altered
peraction with transcriptional activators or inhibutors,

The term “altered structure” of a bomarker refers to the presence of mutations oy
allelic variants within a btomarker nucleie acid or protein, e.g., matatons which affect
expression or activity of the biomarker mucleic aetd or protemn, as compared fo the normal
25 or wildtype gene or protein. For example, matations inchude, buf are not limited to

substitetions, deletions, or addition mutations. Madations may be present in the coding or
non-coding region of the biomarker nucleic acid.
The term “Ang-27 refers o angropmictin-2, which is a ligand of the tyrosine kinase,
Tie-2. Ang-? funcHons as a vessel-destabilizing molecule and 13 a critical regulator of
3} blood vesscl maturation by antagonizing angiopoictin 1 {ANGPT1 ) (Maisonpierre er of.
{1997} Science 277:35-60; Choung ef ol (1998} Genomics 48:389-391; Witzenbichler ef al.
(1998).7. Binl. Chem. 273 18514-18521; Sato er @l (1998} dni. Immamol. HR1217-1227;

Tanaka ef gl (1999 7 Clin. fovest, 103:341-345). Ang-2 is almost exclusively produced

~ -
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by endothehiad cells and facilitates angiogenesis by controlling the Ang-2/Tie-2 signaling
pathway. Elevated levels of cireulating Ang-2 and higher Ang-2/&ng-1 ravos compared o
fevels in normal tissues have been reported to be associated with poor progaosis in a
number of different tumor types (K ef gl {2013} BMC Cancer 13:611; Buddmgh ef ol
{201) . AV Coll. Surg. 218:26-32; Avraham e ¢f. (2014} 1. Pathol. 232:369-381).
Circulating Ang-2 has been recently identified as a biomarker for progression and
metastasts i melanoma. The torm 1s mtended to mclude fragments, variants (e.g, allelic
varsants), and devivatives thereof., Representative human Ang-2 ¢DNA and human Ang-2
profein sequences are well-known in the art and are publicly avasiable from the National
Center for Biotechnology Information (NCBI}. For example, three different human Ang-2
soforms are known. Human Ang-2 transenipt vaniant | {(NM_001147 2} represents the
longest wranseript and encodes the longest isoform, woforny a (NP_O0I3R 1] signal peptide
= yesidues 1-18; mature protein = residacs 19-495). Hionan Ang-2 transcoript variant 2
{NM_001TTRRE7 1) uses an alternate in-frame splice site compared to variant | and
encodes an isoform b that lacks an mternal anunoe acid compared o isoform a

(NP _001112359.1; signal peptide = restdues 1-18; matare protein = residacs 19-496).
Human Ang-2 transcript variant 3 (NM_0011ISSER 1) lacks an altornate in-frame exon
compared to variant 1 and encodes an isoform ¢ that has the same N- and Cefermint as
woform a, but is shorter compared to 1soform a (NP_001112360.1; signal peptide =
residues 1-18; mature protein = residucs 19-444). Nocleie acid and polypeptide sequences
of Ang-2 orthologs m organisins other than lunmans are well known and include, for
example, chimpanzee Ang-2 (XM _O01145337.2 XP_ 0011453371, XM 0011454882, and
XP 0011454881, dog Ang-2 (NM_OG1048126.1 and NP 001041591 .1; signal peptide =

restducs 1-18; mature protein = residues 19-495), cow Ang-2 (NM_ 001698855, 1 and

NP_001092325 | sipnal peptide = residues 1~18; matare protein = residues 19-496), mouse
Ang-2 (NM_007426.4 and NP_031452 2, signal peptide = residues 1-18; mature protoin =
residues 19-4963), rat Ang-2 (NM_134454 .1 and NP_604449 1; signal peptide = residues 1-

18; mature protein = resuhues 19-496}, and chicken Ang-2 {(NM _204817.1 and

NP 9901481} Represewdative sequenees of Ang-2 orthelogs are presented below i Table
1. Anti-Ang-2 anttbodies sustable for dotecting Ang-2 protein arve well-known in the ant
and include, for cxample, OARAN3063 {Aviva Systems Biclogy), HOR-7635 (Fitzgerald
Industries International), TA3 19449 {OriGene Technologies), ANG21-A (BIOTREND

Chennkalien GmbH), so-8357 and e~ 7015 (Santa Cruz Biotechnology, Inc), and 1069}~

-1l
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Ri17 and 10691-RPOH (Sin Biological). In addition, reagents ave well-known for detecting
Ang-2 expression (see, for example, ab99971 Ang-2 ELISA kit { Abcan), DANGIO Ang-2
ELISA kit {R&D Systems), KHC1641 Ang-2 ELISA kit {Lafe Technologies), and the kel
Moreover, anti-Ang-2 antibodies suttable for therapeutically inactvating Ang-2 are also
well-known in the art and include, for example, REGNOHI (nesvacuniab; Regeneron,
LCO6 and LC-5 {Thomas ef of. {2013 PLoN One 8:e54023), 3.19.3 (Brown af of. {2010
Mol Cancer Ther, 9:145-156), and antibodies descrtbed in Rennel ed gl (201D
Micracirowlation 1R:598-607, 1L, Pat. Publ. 200646246071, LLS. Pat. Publ 20130239859,
U8 Pat. Publ. 20100159387 ULS. Pat. Publ. 201170150895, U.S. Pat. Publ.

2013 RSTET, and WO 2013/003606. 1t is to be noted that the form can further be ased {o
refer to any combination of featuwes deseribed herein regarding Ang-2 molecules. For
example, any combination of sequence composition, percentage identify, seqaence length,
domain structure, functional activity, efe. can be used to deseribe an Ang-2 mwlesule of the
present mvention.

Unless otherwise specitied bere within, the terms “antibody™ and “antibodies™
broadly cncompass natarallv-occarring forms of antibodies (g 1gG, IgA, lgM, Igb) and
recombinant antibodics such as single-chain antibodies, chimeric and humanized antibodics
and multi-specific antibodies, as well as fragments and derivatives of all of the foregoing,
which fragments and dertvatives have at least an antigenic binding site. Anubody
dertvatives may comprise a protein or chentical motety conjugated to an antibody.

The torm “anttbody™ as used heretn also mcludes an “antigen-binding portion” of an
antibody {or stuply “anttbody portion”™). The tenm “antigen-binding portion™, as used
herein, refers to one or more fragments of an antibody that retain the ability to specifically
bind to an antigen {e.g., a biomarker polypeptide or fragment thercof}. 1t has been shown
that the antigen~binding function of an antibody can be performed by fragments of 3 full
length antibody. Examples of binding fragments encompassed within the term “antigen-
binding portion” of an antibody mchsde (i) a Fab fragment, a monovalent fragment
consisting of the VL, VH, CL and CHI domams; (1) a Flab'yy fragoent, 3 brvalent
fragment comprising two Fab fragments linked by a disulfide bndge at the hinge region;
{11} & Fd fragment consisting of the VH and CHI domais; (v a Fy fragment consisting of
the VL0 and VH donwins of a single arm of an antibody, {v) a dAb fragment (Ward ec &l
{1989) Nahre 341:544-346), which consists of a VH domain; and {vi) an 1solated

complementarity deternuining region (CDR). Furthermore, although the two domams of the
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Fv fragment, VL and VH, are coded for by separate genes, they can be joined, using
recombinant methods, by a synthetic linker that enables them o be miade as a single protein
chain in which the VL and VH regions pair to form monovalent polypeptides (known as
single chain Fyv (seFv); see eg, Bird ef o (198R) Seience 242:423-426; and Huston ef /.
{VORB) Proc. Narl dead Sci US4 85:3879-53883; and Osbourn ¢ . 1998, Natare
Biotechnology 16: 778). Such single chain antibodies are also intended to he encompassed
within the term “antigen-binding portion” of an antibody. Any VH and VL sequences of
specific scFv can be linked to humman mymunoglobulm constant region ¢DNA or genomie
sequences, i order 1o generate expression vectors encading camplete laG polypeptides or
ather isotypes. VH and VL can also be used in the generation of Fab, Fv or other fragments
of impwmoglobulins using either protein chemistry or recombinant DNA technology. Other
forms of single chain antibodies, such as dishodies are also encompassed. Diabodies are
bivalent, bispeeific antibodics in which VH and VL domaios are expressed on a single
polvpeptide cham, but using a linker that 1s too short to allow for parring between the two
domains on the same chain, thereby forcing the donains to pair with complementary
domains of another chain and creating two antigen binding sites {sec e.g., Holliger, P., et af
{1993} Proc. Natl, dcad, Sci. US4 90:6444-6448; Poljak, R 1, er . (1994) Strucnwre
21211123

Still farther, an antibody or antigen-binding portion thereof may be part of larger
immunoadhesion polypeptides, formed by covalent or noncovalent association of the
antiboddy or andibody portion with one or more other proteins or peptides. Examoples of such
innmunoadheston polypeptides inchide use of the streptavidin core vegion to make a
tetrameric seF v polypeptide (Kiprivanov, S M., ¢/ el (1995} Fhraman Astibodies and
Hybridomas 6:93-101} and use of a ¢ystetne residue, biomarker peptide and a C-terminal
polvhistidine tag to make bivalent and biotinylated scFv polypeptides (Kiprivanov, S M., ef
al (1994) Mol Impumol, 31:1047-1058), Antibody portions, such as Fab and Flab'),
fragments, can be prepared from whole antibodics using conventional technigues, sach as
papan or pepsin digestion, respectively, of whole antibodies. Moreover, antibodies,
antibody portions and snmunoadhesion polypeptides can be obtamed using standard
recombinant DNA technigues, as desentbed heren,

Antibodics may be polyclonal ov monoclonal; xenogeneie, allogeneic, or svngeneic;
ot modified forms thereof {e.g humanized, chimeric, efe.). Anitbodics may also be fully

human. Preferably, antibodies of the present mvention bind spectfically or substantially



WO 2016/057367 PCT/US2015/053933

specifically to a biomarker polypeptide or fragment thereof. The terms “monoclonal
antibodies™ and “monoclonal antbody composition”, as used herein, refer to a population
of antibody polypeptides that contain only one species of an antigen bindmg stte capable of
tmmunoreacting with a particular epttope of an antigen, whereas the term “polyclonal
5 antibodies” and "polycional antibody composition™ refer to a poprdation of antibody
polvpeptides that contain muttiple species of antigen binding sites capable of mteracting
with g particular antigen, A monoclonal antibody composition typically displays a single
binding affinity for a particular antigen with which it immunoreacts.
Anttbodies may also be “humanized”, which is intended to include antthodies made
10 by g now-heman cell having variable and constant regions which have been altered o more
closely resemble antibodies that would be made by a human cell. For example, by altering
the non-human antihody amino acid sequence to incorporate amino acids found m bunan
germbine tamunoglobulin sequences. The hamanized antibodics of the present mvention

may include amino acid residues not encoded by human genmline immunoglobulin

L

scquences {e.g., puitations introduced by random or site-specific mutagenesis /n vifro or by
somatic mutation i vive), for example in the CDRs. The torm “humanized antibody”, as
used herein, also inclades antibodics in which CDR sequences derived from the germine of
another mammalian specics, such as a mouse, have been grafied onto hnman framework
sequences.
24 The term “assigned score™ refers to the mumerical value designated for cach of the
bivnnarkers after being measared m a pattont sanple. The assigned score correlates to the
absence, presence or inferred anount of the biomarker in the sample. The assigned scove
can be generated manually (e, by visual inspection} or with the aid of instrumentation for
image acquisition and analysis, In certam embodiments, the assigned score 1s determined
25 by a qualitative assessmen, for example, detection of a fluorescent readout on a graded
scate, or quantitative assessment. In one embodiment, an “aggregate scove,” which refers to
the conthination of assigned scoves from a phaality of measured biomarkers, is determined.
I one crbodiment the aggrogate score is a sununation of assignesd scores. It another
embodiment, combination of assigned scores involves performing mathematical operations
b on the assigned scores bofore combining them Into an aggregate score. In certain,
cibodiments, the aggregate score is also reforved 1o herein as the “predictive score.”
The term “biomarker™ refers to a measurable entity of the present invention that has

been determined to be predictive of anti~-immune checkpoint therapy effects on a cancer,

- 14-
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Biomarkers can inchude, without imitavion, mucleic acids and proteins, including those
shows in Table 1, the Examples, and the Figures,

A “blocking™ antibody or an antibody “antagonist” is one which hibits or reduces
at least one biological activity of the antigen{s) it binds. In cortiun embodiments, the

5 blocking antbodies or antagonist antbodies or fragments thereof deseribed herein
substantially or completely nhibit a given biclogical activity of the astigen{s}.

The term “body fluid” refers to fluids that are excreted or seereted from the body as
well as fluids that are normatly not (e g amniotic fluid, aqueous humor, bile, blood and
blood plasma, cerchrospinal fwid, corumen and carwax, cowper's flaid or pre-ejaculatory

10 fluid, chyle, chyme, stool, fomale cjaculate, interstitial fluid, mtracellular fhad, lvimph,
menses, breast midk, mucus, pleural fhnd, pus, saliva, schum, semen, serum, sweat,
svnovial fluid, tears, orine, vaginal hibricapon, vitreoas humor, vonut).

The torms “vancer™ of “twmor” o “hyperproliferative” refer to the presence of eells

possessing characteristics typical of cancer-causing cells, such as uncontrolied profiferation,

L

inumortality, motastatic potential, rapid growth and proliferation rate, and certain
characteristic morphological featuwres. In some embodiments, such cells exhibit such
characteristics in part or in full due to the expression and activity of immane checkpomt
protems, such as PD-1, PD-L, andior CTLA~4. Cancer eolls are often in the formof a
namor, bt such cells may exist alone within an animal, or may be a non-tumorigenic cancer
A cell, such as a leukemia cell As used herein, the term “cancer” includes premalignant as
well as malignast cancers. Cancers inchede, bt are not limited to, B cell cancer, eg.,
multiple myeloma, Waldenstrdm's macroplobulinemia, the heavy chain diseases, such as,
for example, alpha chain discase, ganwa chain disease, and mu chain disease, benign
monoclonal garmmopathy, and wenunocytic amylowdosts, melanomas, breast cancer, lung
35 cancer, bronchus cancer, colorectal cancey, prostate cancer, pancreatic cancer, stomach
cancer, ovarian cancer, srinary bladder cancer, brain or central nervous system cancer,
peripheral nervous system cancer, esophageal cancer, cervical cancer, werine or
cridommetrial cancer, cancer of the oral cavity or pharvax, Hver caocer, kidoey cancer,
testicular cancer, biliary tract cancer, singll bowel or appendix cancer, salivary gland
W cancer, thyroid gland cancer, adrenal gland cancer, osteosarcoma, chondrosarcoma, cancer
of hematologic tissaes, and the like. Other non-limiting examples of types of cancers
applicable to the methods encompassed by the presord invention include human sarcomas

and carcinomas, ¢.g¢., fibrasarcoma, myxosarcomas, liposarcoma, chondrosarcoma,

t
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osteogenic sarcoma, chordoma, anglosarcoma, endotheliosarcoma, lymphangiosarcona,
iymphangioendothehosarconma, synovioma, mesothehionta, Ewing's tumor,
fetomyosarcoma, rhabdomyosarcoma, colon carcmoma, colorectal cancer, pancreatic
canger, breast cancer, ovaran cancer, prostate cancer, squamous cell carcioma, basal cell
5 carcinoma, adenocarcinoma, sweat gland carcinoma, sebhaceous gland carcinoma, papiflary
carcinoma, papillary adenccarcinomas, cystadenocarcinoma, medullary carcinoma,
bronchogenic carcinoma, renal cell carcimoma, hepatoma, bile duct carcmoma, biver cancer,
chorlocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, corvical cancer, bone
cameer, brap tumor, testicelar cancer, hung carcinoma, small cell hing carcinoma, bladder
0 carcinoma, epithelial carcinoma, ghioma, astrovyioma, medulioblastoma,
crantopharyngioma, ependymoma, pincaloma, hemangioblastoma, acoustic neuroma,
ohigodendroglioma, meningioma, melanoma, nearoblastoma, retinoblastoma; levkemias,
e.g., acute tymphocoytic leukemia and acute myclocviic keukernta (mycloblastic,

promyvelocylic, myelomonacytic, monncytic and erythroleukemia); chronie leukenia

L

{chronic mycloceytic (granulocytic) leukenua and chromie lymphocytie leukemia); and
polyeyithemia vera, hvmphoma (Hodghkin's disease and non-Hodgkin's discase), multiple
myeloma, Waldenstrom's macroglobudinenua, and heavy chain discase. In some
cmbodiments, cancers are epithlelal in nature and mchude but are not Emited to, bladder
cancer, breast cancer, cervical cancer, colon cancer, gynecologic cancers, renal cancer,
A laryngeal cancer, lang cancer, oval cancer, head and neck cancer, ovarian cancer, pancreatic
cancer, prostate cancer, of skin cancer. In other embodiments, the cancer is breast cancer,
prostate cancer, hung cancer, or colon cancer. In still other ewbodiments, the epithelial
cancer is non-smali~cel lang cancer, nonpapitlary renal cell carcinoma, cervical carcmona,
ovarian carcinoma (e.g., serous ovaran carcinomal, or breast carcinoma. The epithelial
35 cancers may be characterized in various other ways including, but not limited to, serous,
endometrioid, mucinous, clear cell, Brenner, or wndifferentiated.

In certain embodiments, the cancer encompasses melanoma. The term “melanoma”
generaily refery to cancers dertved from melanocvies. Although melanocvics are
predominantly located in skin, they arc also found m other parts of the bedy, including the

W ove and bowel. Although cutaneous melanoma is most common, melasoma can onginate
from any melanocyie in the bodv. Though melanoma is less than five pereent of the skin
cancers, if s the seventh niost common nialignancy in the ULS, and is responsible for most

of the skin cancer related deaths, The incidence hag mereased dramatically in the last

-5~
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several decades due to altered sun exposuore habits of the population.  several hereditary
risk factors are also known. Other important risk factors are the mumber of pigment nevi,
the number dysplastic nevi, and skin type. An increased risk iy coupled to many nevi, both
benign and dysplastic, and fnr skan. Fanubial lustory of malignant melanomas is a risk
5 factor, and approximately 8-12% of malignant melanoma cases are fanulial. Additional
details are well known, such ag deseribed in LIS Pat. Pubsl, 2012-0269764 and 201 3-
(237445,
Malignant melanomas are chinically recognized based on the ABCD(E) svstem,
where A stands for asvaumetry, B for border trregalarity, € for color variation, D for
10 diameter 5 mu, and E for evolving, Further, an excision biopsy can be performed s order
to corroborate a diagnosis using microscopic evaluation. Infiltrative malignant melanoma
is traditionally divided into four principal histopathological subgroups: superficial
spreading melanoma (SSM), nodular malignant melanoma (NMM}, lontign maligna

melanoma (LMM), and acral lentiginous melanoma (ALM). Other rare types also exists,

L

such as desmoplastic malignant melanoma. A substantial subsct of malignant melanomas
appear to arise from melanocyiic nevi and features of dysplastic nevi are often found in the
vicinity of infiltrative melanomas. Melanoma is thought to arise through stages of
progression from normal melanogyies or nevus cells through a dysplastic nevus stage and
farther to an 1o sito stage before becoming invasive. Some of the subtypes evolve through
Ay different phases of wmor progression, which are called radial growth phase {RGP) and
vertical growth phase (VOP).

In a preferved embodiment, a melanoma subtype is melanoma resistant o treatniont
with infubitors of BRAF and/or MEK. For example, the methods deseribed herein ave
usciul for diagnosing andfor progoosing melanoma subtypes that are resistant to freatment
25 with inhibitors of BRAF andéor MEK. Inhibitors of BRAF andior MEK, especially of

AU 3T .
Y are well-knows in the art.

mutant versions implicated in cancer {e.g., BRAF
BRAF 15 a member of the Raf kinase family of serine/threonmne-specific protein
kinases, Thus profon plays a role in regulating the MAP kinase/ERKs signaling pathway,
which affects cell division, differentiation, and scorction. BRAF transduces cellular
W regulatory signals from Ras to MEK i wive. BRAF is also reforred to as veraf naurine
sarcoma viral oncogene homodog B, BRAF mutants are a nutated form of BRAF that has
increased basal kinase activity relative o fhe basal kinase activity of wild tvpe BRAF is

also an activated formn of BRAF. More than 30 mutations of the BRAF gene that are
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associated with human cancers have been identified. The frequency of BRAF mutations in
metanomas and nevi are 80%,. In 90% of the cases, a Gle for Val substitution at position
68} (referred to as VOOOE) in the activation scgment has been found in heman cancers.
This mutation 15 observed m papitlary thyroid cancer, colorectal cancer and melanoma.
Other muatations which have been found are R4621, 635, G464E, G464V, (G46064A,
G466E, G466V, G469A, GA6SE, NIRIS, ESRSK, D3V, F3a5L, GS96R, L3097V, T390,
VoD, VENOK, VGOOR, KOUIE or AT28V. Most of these mutations are clustered to two
regions: the glyeme-rich P loop of the N lobe and the activation segment and flanking
regions. A mutated form of BRATF that induces focus formation move efficiently than wild
tvpe BRAF 13 alzo an activated form of BRAF, As used heremn, the term “inhibitor of
BRAF” refers to a compound or agent, such as a small molecule, that snhibits, decreases,
lowers, or reduces the activity of BRAF or a muutant version thereof Examples of
phubitors of BRAF include, but are not bmited to, vemuratentb (PLX-4032; also known as
RG7204, ROSI858426, and vemuraferub, C23HIECIFZN3O3S), PLX 4720
{CHTHTACIFZNGOAS), sorafenth (CEHISCIFANGGR), GSKI1 18436, and the bike. These
and other inhibitors of BRAF, as well as non-limited examples of their methods of
manufactare, are described in, for examgpde, PCT Publication Nos., WO 2007002325, WO
007002433, WO 2000/047305, WO 03/086407; WO 2000/ 143024, WO 2010/104943,
WO 201104973, WO 20111527 and WO 2009152087, US. Pat. Nos. 6,187,799 and
7.329.670; and U.S. Patent Apphcation Publication Nos. 2005/01 76740 and 2009/0286783,
cach of which s herein incorporated by reforence in ifs entirety),

MEK1 15 a known as dual speaificity mitogen-activated protein kinase 1, which is
an enzyme that in hunan s encoded by the MAP2KT gene. Mutations of MEK ] tnvolved
n cancer are known and inelude, for example, mutation selected from 39deiK and P38TS or
Q56P or C1218 or P1241 or FI29L, and a MAP2K gene having a 175-177 AAG deletion
or U11S9T. As used herein, the term “inhibitor of MEK™ refers to a compound or agent,
such as a small molecale, that inhibits, decreases, fowers, or reduces the activity of MEK or
a mutant version thereof, Examples of mbibutors of MEK mclude, but are not hauted to,
AZD6244 (6-(4-Bronmo-2-chlioro-phenylamine)-7-flucro-3-methyl-3H-beneoimida- zole-5-
carboxylie acid {2-hyvdroxy-cthoxyY-amide; selumetnib; Structure IV}, and U126 {1 4-
diaming-2, 3-dicvano-1,4-bis [2-aminophenvitduobgadione; ARRY-142886; Structure V)
Further non-limiting examplos of MEK mhibitors include PDO323901, AZD2171, GDC-

D973/ XL-518, PDOROSY PDIR4AS2, GSKI1120212, RDEA436, RDEATIWBAYS6Y766,
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ASTO326, BIX 02183, BIX 62189, CI-1040 (PDHR4352), PIMI25901T, and PDUROSY.
These and other inhibitors of MEK as well as non-limiting examples of their methods of
manufactare, are described in, for example, U.S. Pat. Nos. 53,525,625; 6,251,943, 7 820,604,
6,800 106, 7 730 518, 7 485 .643; 7 376,072 7 923 456; 7732 616, 7271 178, 7,429,667,
6,649 640; 6 493 582; 7. 001 903; US Patent Publication No, US2010/0331334,
LS2009/40143380, US2008/0280057, US2007/0049591, US2011/01 1R298, Intemational
Patent Application Publication No. WOUS/M43960, WOU/01421, WODDIG1426,

WOO0MA 1305, WO00/42002, WO00/42003, WOOK/4 1994, WOO0(/32022, WO00/42029,
WOB0/ER20T, WOOT/68619, WOO2/06213 and WOR3/077914, cach of which is berein
mcorpotated by reference 1n thewr eatirety,

Maligmant melanomas are staged according o the Amernican Joint Committee on
Cancer {AJCC) TNM-clagsification system, where (lark fevel is considered in T-
classification. The T stage deseribes the local extent of the primary tumor, Lo, how far the
tumor has mvaded and imposed growth o surrounding tissues, whereas the N stage and
M stage describe how the tumor has developed metastases, with the N stage deseribing
spread of tamor to hymph nodes and the M stage deseribing growth of tumor in other distant
organs, Early stages inchude: TO-1, NO, MO, representing localized fumors with negative
tymph nodes. More advanced stages inchude: T2-4, NO, MG, {ocalized tumors with more
widespread growth and T1-4, N1-3, M{), turors that have metastasized to lymph nodes and
T1-4, N1-3, M1, tumors with a metastasis detected in a distant organ.

Stages | and U represent no mctastatic discase arad for stage T{TTa'h-2a NO,MO)
prognosis is very good. The S-year survival for stage T disease 15 90-95%, for stage H(T2b-
4-h, NO MO} the corresponding survival rate ranges from 30 to 45%. Stages 1H (T1a-d-

b N1a-3,MO) and IV {T(aHLN{all} MIa-c} reprosent spread disease, amd for these stages 5-
vear survival rates range from 70 to 24%, and from 19 fo 7%, respectively.  “Clark’s level”
is & measure of the fayers of skin involved in a melanoma and is a melanoma prognostic
factor. For example, level T involves the epidermis. Level I involves the epidermis and
apper dernus. Level H involves the epdenimis, upper derous, and lower dermis, Level IV
mvelves the epidormts, upper dermis, lower dermis, and subcutis, Whean the primary tumor
has a thickness of =1 nun, ulceration, or Clavk level V-V, sentinel node biopsy (SNB) is
typically performed. SNB is performed by identifving the first draindng mph nodefs (i.c.,
the SN} frovn the tumor. This is normally done by injection of radiolabelied colloid

particles in the ares around the tumor, followed by injection of Vital Blue dve. Rather than

- 19
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dissection of all regional bymaph nodes, which was the earlier standard procedure, only the
sentinel nodes are generally removed and carefully examined. Following complete fyniph
node dissection is only performed in confirmed positive cases,

in addition to staging and diagnosss, factors like Testage, Clark level, SNB status,

5 Bresfow's depth, ulceration, and the hike can be used as endpoints andfor surrogates for
analyses accnrding o the present invention, For example, patients who are diagnosed at an
advanced stage with metastases generally have g poor prognosis. For patients diagnosed
with a localized disease, the thickness of the tumor measured m mm (Breslow) and
wheeration can be endpoints for prognosis. Breslow's depth is determined by using an

10 ocuelar micrometer af 3 right angle o the skin. The depth from the granular layer of the

eptdernus to the deepest point of mvasion to which tumor cells bave invaded the skin s

directly measwed. Clark fevel 1s iraportant for thin lesions (<1 mm). Other prognostic

factors inchude age, anatomic site of the primary humor and gender. The sentinel node {SN}

status can also be a prognostic factor, especially since the S-year survival of SN-negative

L

patients has been shown to be as high as 90%. Stmtlarly, overall survival {OS) can be used
as a standard primary endpoint. OS takes m to account time to death, wrespective of cause,
c.g. ifthe death is due to caneer or not. Loss to follow-ap is censored and regional
recurrence, distant metastases, second primary malignant melanomas and second other
primary cancers are ignored.  Other surrogate endpoints for survival can be used, as
21 described further berein, such as disease-free survival {DFS), which includes tme to any
event refated to the same cancer, Lo, all cancer recurrences and deaths from the same cancer
Are gVents.
in addition to endpoints, certain diagnostic and prognostic narkers can be analvzed
i conjunction with the methods deseribed heretn. For example, lactate dehydrogenase
25 (LDH) can be measured as a marker for discase progression. Patients with distant
metastases and elevated LDH levels belong to stage IV Mic. Another serum biomarker of
ierest is STOOB. High S100B levels are assoctated with discase progression, and a
decrease m the ST00B level ts an mdicator of treatiment response. Melanoma-inhibiting
activity {MIA} is yet another scrum biomarker that has been evaluated regarding #s
W prognostic value, Studies have shown that elevated MIA levels are rare v stage Tand H
discase, whereas in stage HY or IV, clevation in MIA levels can be seen in 68-100% of
cases, Addition useful biomarkers melude RGS1 (associated with reduced relapse-free

survival {RFS)), osteopontin {associated with both redoced RFS and discase-specific
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survival (D58}, and predictive of SLN metastases), HERS (associated with reduced
survival), and NCOAJ {associated with poor RFS and DSS, and predictive of SEN
metastases), In addition, HMB-48, Ki-67 {MIB 1Y, MITF and MART-1/Melan-A or
combinations of any described marker may be used for stmning (bvan & Pricto, 2010,
Futwre Chicol. 6073, 1163-1175; Linos et al., 2011, Biomarkers Med. 3(3) 333-360). Ina
literature review Rothberg ef al report that melanoma celf adhesion molecale
{(MCAMYMUCTS, matrix mctatloprotemase-2, Ki-67, proliferating cell nuclear antigen
{PCNA) and pl6/ANK4A are predictive of either all-cause mortality or melanoma specific
mortahity {Rothberg et al., 2009 J. Nat, Canc. Inst. 101(T) 432474},

Carrently, the tvpical primary treatiment of malignant melanoma 13 radical surgery.
Even though survival rates are high after excision of the primary tumor, melanomas tend fo
mectastasize refatively early, and for patients with metastatic melanoma the prognosis is
poor, with & S-year survival rate of less thas 10%. Radical removal of distant metastascs
with surgery can be an option and systemic chemotherapy can he applied, but response
rates are normally low (in most cases less than 20%), and most treatment regiments fail to
profong overall suevival, The first FDA-approved chemotherapeatic agent for treatment of
metastatic melanoma was dacarbazine (DTIC), which can give response rates of
approximately 20%, but where less than 5% may be complete responses. Temozolanud 18
an analog of DTIC that has the advantage of oral administration, and which have been
shown to give a sinufar response as DTIC, Other chemotherapeutic agents, for example
different nitrosureas, cisplatin, carboplatin, and vinca alkaleids, have been used, but without
any ncrease m response rates. Since chemotherapy 1s an inefficient treatment method,
inwmunotherapy agents have also been proposed. Most studied are interferon-alpha and
mietleokie2, As single agents they have not been shown o give a better response than
conventional treatment, but in combination with chemotherapeutic agents higher response
rates have been reported. For patients with resected stage 1B or BE melanoma, some
studies have shown that adjevant interferon alfa has led to longer disease free survival, For
first- or second-hine stage 1 and IV melanoma systenue treatments include: carboplatin,
cisplatin, dacarbazine, inferferon alfa, high-dose imterleukin-2, paclitaxel, termozolomide,
vinblastine or combinations thereof (NCON Guidelines, ME-DY, MS-2-13}. Recently, the
FDA approved Zelboraf™ (vennaafonib, also known as INN, PLX4032, RG7204 or
ROS185426) tor unrescotable or metastatic melanoma with the BRAF V&00E mutation

{Bollag e . (20103 Naswre 467:596-399 and Chapman ef af. {201 1) New Eng ) Med.
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364:25307-2516). Another recently approved drug for anresectable or metastatic melanoma
1 Yervoy®: (ipilimunab) an antibody which binds to cytotoxie T-lvmphooyte-associated
antigen 4 {CTLA-4) {Hodt er ol (2010) New Eng. J Med 363:711-723). Others recently
reported that patients with KIT receptor activating mutalions or over-gxpression responded

5 o Gleovac® (imatinib mesylate) (Carvajal e al, (201 1) J4M4 305:2327-2334). In
addition, radiation treatinent may be given as an adjuvant after removal of lymphatic
metastases, but malignant melanomas are relatively radioresisiant. Radiation freatment
might also be used as palhiative treatment, Melanoma oncologssts have also noted that
BRAF mutations are common in bath primary and metastatic molanomas and that these

10 mutations are reported 1o be present i 36-70% of gl melanomas, This has led o an

mnterest n B-raf inhibitors, such as Sorafentb, as therapeutic agents.

The term “coding region” refers to regions of a nucleotide seqaence comprising
codons which are franslated into asune acid residues, whereas the term “noncoding region™

refers to reptons of a nucleotide sequence that are not translated into aminoe acids {e.g., §'

L

and 3" untranslated regions),

The term “conyplementary™ refers to the broad concept of sequence
complementarity between regions of two nucleie acid strands or between two regions of the
same nucleie acid strand. It is known that an adenine residue of a first nucleic acid region
is capable of fornung specific hydrogen bonds (“base painng™) with a residue of a second
A nacleic acid region which is antiparallel to the fivst region if the residue is thymine or
gracil. Strmbarly, it is known that a eytosine residoc of a first muclete acid strand is capable
of base pairing with a residue of a sccond nuclete acid strand which s antiparallel to the
first strand if the residue s guanine. A fivst region of & nucleic acid is complementary 1o &
seeond region of the same or a difforent nucleic ackd i) when the two regions are arvanged
25 in an antiparaliel fashion, at least one nucleotide residuce of the first region is capable of

base paiving with a residoe of the second vegion, Preforably, the first region comprises a
first portion and the second region comprises a second portion, whereby, when the fivst and
second portions are arranged 1 an antiparallel fashion, at least about 50%, and preforably at
lcast about 758%, at least about 90%, or at least about 93% of the nucleotide residues of the
Wy first portion are capable of base pairing with nucleotide residues m the second portion.
More preforably, all nucleotide residucs of the first portion are capable of basc pairing with

nucleotide residues in the second portion.
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The terms “conjoint therapy”™ and “combination therapy,” as used herein, refer to the
administration of two or move therapeutic substances, e.g., an anti-impume checkpoint
therapy or inhibitor of an invnene checkpoint, and another sthibitor of Ang-2/Tie-2. The
wnhibitor of Ang~-2/Tie-2 may be adminstered conconutant with, prior to, or following the

5 administation of an inhibitor of an inunane checkpomt.

The term “control” refers to any reference standard suitable to provide a comparison
to the expression products in the test sample. Inone embodiment, the control comprises
obtatning a “control sample” from which expression product levels are detected and
compared to the expression product levels from the test sample. Such a control sample may

10 comprise any suitable sample, inchsding but not Himited {o a sample from a controf cancer
patient {can be stored sample or previous sanple measurement) with a known ontcome;
normal tissue or cells isolated from a subject, such as a novmal patient or the cancer patient,
cuttured privoary celfs/tissues isolated from a subjeet such as a normal subject or the cancer

o

it

patient, adjacent normal cellstissues obtained from the same organ or body location of the

—

L

cancer patient, a tssue or coll sample solated from o normal subject, or a primary
collsdissues obiained from a depository. I another preforred endodiment, the contrel may
comprise a reference standard expression product level from any suitable source, mchuding
bt not limited to housckeeping genes, an expression product level ranpe from normal
ussue (or other previousty analtyzed control sample), a previously determined expression
A product level range within a test sample from a group of patients, or a set of patients with a
curfain outcome {for example, swrvival for one, two, three, four vears, ete.) or receiving a
certan treatment (for example, standard of care cancer therapy). It will be understood by
those of skill m the art that such control samples and reference standard expression product
fevels can be used e combination as controls i the methods of the present invention. In
25 one embodiment, the control may comprise normal or non~cancerous cell/tissuc sample. In
another preferred embodiment, the control may comprise an expression fevel for a set of
patients, such as a set of cancer patients, or for a set of cancer patients receiving a certain
treatinent, or for a sot of patients with one cufcome versus another outcome. In the fonmer
case, the specific expression produst level of cach patient can be assigned to & pereentile
W level of expression, or expressed as either bigher or lower than the mean or average of the
reference standard expression level, In another preferred embodiment, the control may
comywise normal cells, cells from pationts treated with combination chemotherapy, and

cells from patients having benign cancer. In another embodiment, the control may also

Pd
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comprise a measwed value for example, average fevel of expression of a particular gene in
a population compared to the fevel of expression of a housckeeping gene in the same
population, Such a population may comprise normal subjects, cancer patients who have not
undergone any treatment (7o, reatment naive), cancer patients undergoing standard of care
5§ dherapy, or patients having benign cancer. By another preferred embodiment, the control
comprises a ratio transformation of expression product levels, including but not feuited o
deternuning a ratio of expression product levels of two genes i the test sample and
comparing i to any suitable ratio of the same two genes i a reference standard;
deternaning expression product levels of the two or more genes in the test sample and
10 deternuning g difference m expression product levels n any suttable comrol; and
determining expression product levels of the two or more genes in the test sample,
normalizing thelr expression to expression of housckeeping genes in the test sample, and
comparing to any suitable control, In particelady preforred cmbodiments, the control

compriscs a control sample which s of the same Iineage andiéor type as the test sanple, In

L

another embodiment, the control may comprise expression product levels grouped as
percentiles within or based on a set of pationt samples, sach as all paticats with cancer. In
one embodiment a control expression product level is established whoerein higher or lower
levels of expression product relative to, for insfance, a particalar percentile, are used as the
basis for predicting outcome. In another preferred embodiment, a control expression
A product level 1s established using expression product levels from cancer control patients
with a known outerne, and the expression product fevels from the test sample are
compared to the controf expression product level as the basis for predicting outeome. As
demonstrated by the data below, the methods of the present invention are not imited to use
of g spectfic cyt-point in comparing the level of expression product in the test sample to the
25 control
The “copy mumber™ of a biomarker nucleie acid refers to the mumber of DNA

sequences in a cell (e g, germbine andfor sonatie} encoding a particudar gene produsct.

Generally, for a given gene, a mamnial has two copies of cach gene. The copy number can

be increased, however, by gone amplification or duplication, or reduced by deletion. For
W cxample, gomdine copy number changes include changes at one or more genomic foci,
wherein said one or more genomic locl are not accoumted for by the mumber of copics in the
normal complement of gormline copies in a confrod (e g, the normal copy sumber in

germbine DNA for the same species as that from which the specific germline DNA and

« 24 .
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corresponding copy number were determuned). Somatic copy number changes inchude

changes at one or more genonue lock, wheren said one or more genonne loct are not

accoented for by the number of copics in germbine DNA of 3 control {e.g., copy manber in

germiime DNA for the same subject as that from which the somatic DNA and corresponding
5 copy mumber were determined).

The “normal™ copy number {e.g., germbine andfor somatic) of & biomarker nucleie
acid or “normal” level of expression of a biomarker nucleic acid or protein s the
activity/level of expression or copy number in a biological sample, e.g.. a sample
containing tissue, whole blood, sorum, plasma, buccal serape, saliva, cerebrospinal fluwid,

10 uring, stool, and bone marrow, from a subject, e.g., 2 human, not afflicted with cancer, or
from a corresponding non~-cancerous Hssue 11 the same subject who has cancer,

As used herein, the ferm “costimelate™ with reference fo activated npmune cells
pichedes the ability of a costinmdatory modecule to provide a second, non-activating

receptor mediated signal (o “costimulatory signal”) that induces proliferation or effector

L

function. For example, a costinndatory signal can resull m oytokine secretion, eg, ma T
cell that has received a T cell-receptor-mediated signal. Inumange cells that have reesived a
cell-receptor mediated signal, e.g., via an activating receptor are referred to herem as
“activated mnupune cells”
The term “determining a suitable treatment regimen for the sebject” is taken to
A memsn the determination of a treatment regimen (7.e., a single therapy or 8 combination of
differcnd therapios that are used for the prevention andfor reatiocnt of the cancer in the
subject) for a subject that is started, modified andfor ended based or essentially based or at
{east partiatly based on the results of the analvsis according to the present invention. One
example is determining whether o provide targeted therapy against a cancer to provide
25 immunotherapy that generally moreases inunune responses agamnst the cancer {e.g., anti-
iromune checkpoint therapy). Another example is starting an adjuvant therapy after surgery
whose parpose 1$ to decrease the visk of recurrence, another would be to modify the dosage
of a particular chemothergpy. The deterpunation can, i addition to the tesulis of the
analysis according o the present mvention, be based on personal characteristics of the
W subject to he weated. In most cases, the actual deteronination of the switable treatment
regimen for the subject will be performed by the attending physician or doctor.
The term “diagnosing cancer” includes the use of the methods, systems, and code of

the present invention to determine the presence or absence of a cancer or subtype thereof in
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an individual, The term also includes methods, systems, and code for assessing the fevel of
disease activity in an individaal,

A molecule 1s “fixed” or “afhixed” to a substrate if it is covalently or non-covalently
assocutted with the substrate such that the substrate can be rmmsed with a fhnd {e.g. standard

5 saline citvate, pH 7.4) without a sebstantial fraction of the molecule dissociating from the
substrate.

The torm “expression signature” or “signanure” refers to a group of two or more
coordinately expressed biomarkers. For example, the genes, proteins, metabolites, and the
like making up this signature may be expressed i a specific cell lincage, stage of

10 differentiation, or during a paricudar biological response. The biomarkers can reflect
biological aspects of the tumors in which they are expressed, such as the cell of origin of
the cancer, the natre of the non-malignant celis in the biopsy, and the oncogenic
mechanisns responsible for the cancer. Expresston data and gene expression lovels can be

stored om computer readable media, e g, the computer readable medium used in

L

cojunction with a microarray or chup reading device. Such expression data can be
manipalated 10 generate expression signatues,

“Hormologows™ as used herein, refers to nucleotide sequence similarity between twao
regions of the same nucleic acid strand or between regions of two different nucleic acid
strands. When a nucleotide residue position i both regions is occupied by the same
A nacleotide residue, then the regions are homologous at that position. A first region is
homeoksgous to 3 scoond region if at feast one suclentide residue position of vach region is
occupied by the same residue. Homology beteeen two regions is expressed i terms of the
proportion of nucleotide residue positions of the two regions that are ocoupied by the same
mucleotide residue. By way of example, a region baving the nucleotide sequence ¥-

25 ATTGCC-3 and a region having the nucleotide sequence S=TATGGC-3 share 50%,
homology. Preferably, the first region comprises a first portion and the second region
comprises a second portion, whereby, at feast about 50%,, and preferably at least about 75%,
af foast about 0%, or at least about 93% of the nucleonde residue positions of cach of the
portions are occupiced by the same nucleotide residue. More preferably, all nucleotide

W residue positions of each of the portions are occupied by the same nucleotide residuc,

The term “amane cell” refers to cells that play a role 1n the imomme response.

Iroswmne cells are of hematopeictic ongin, and wclude lviophoeytes, suchas Boellsand T
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cells; natoral killer cells; myelowd cells, sach as monocytes, macrophages, cosinophils, mast
cells, basophils, and granulocyies.

The term “"wwmane checkpoint™ refors to a group of molecules on the cell surfaee of
CD4~ andfor CD8+ T cells that fine-tune immune responses by down-modulating or
inhibiting an anti-tumor mpwme response. Imnwme checkpoint proteins are well known in
the art and include, without limitation, CTLA-4, PD-1, VISTA, B7-H2, B7-H3, PD-L1, B?-
H4, B7-H6, 28B4, 1COS, HVEM, PD-L2, CD160, gpavB, PIR-B, KIR family receptors,
TIM-1, TIM-3, TIM-4, LAG-3, BTLA, SIRPalpha (CD47), CD48, 2B4 (CD244), B7 1,

TROHT2, ILT-4, TIGIT, and A2aR (sce, for oxample, WO 2012/177624). The term
further encompasses biologically active protem fragment, as well as nucleie acids encoding
full-length immune checkpoint proteins and biologically active protem fragments thereofl
In some embodiment, the term further encompasses any fragment according to homotogy
descriptions provided herein.

“Anti-tnmune checkpoint therapy ™ refers to the use of agents that inhibit inoume
checkpoint nucleie acids andfor protems.  Inlnbition of one or more impume checkpoints
can block or otherwise neutralize inhibitory signaling o thereby upregulate an imomme
response in order to more officaciously treat cancer, Excoplary agents usefud for inhubiting
immane checkpoints include antibodics, small molecules, peptides, peptidomimetics,
natoral figands, and dertvatives of natural ligands, that can either bind andfor inactivate or
inhibit immaune checkpoint proteins, or fragments thereof: as well as RNA interference,
antisense, nucleic ackd aptamers, ofe. that can doworegulate the expression andfor activity
of inmune checkpoint nucleie acids, or fragments thereof. Excrmplary agents for
upreguiating an imwnune response nchade antibodies against one or more e
checkpoint protetns block the mieraction between the proteins and its nabwral receptor{(s); a
non-activating form of one or more impume checkpoint proteins (e.g., a dominant negative
polypeptide); small molecules or peptides that block the interaction bebween one or more
immune checkpoint proteins and s nataral receptor(s); fasion proteins {e.g. the
extracetiular portion of an inwnune checkpoint inhibition profein fused to the Fe portion of
an antibody or iromunogiobulin} that bind to its natural recepion(s); nucleic acid molecules
that block inunune checkpoint nucleie acid ranseription or translation; and the ke, Such
agents can direetly bloek the interaction between the ene or more invoune checkpoints and
its natural recepton(s) (e.g., antibodics) to prevert mhibitory signaling and upregulate an

imnmune response. Alternatively, agents can indirectly block the interaction between one or

377
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more immune checkpoint proteins and its natwal receptor(s) to prevent inhibitory signahng
and upregulate an inwnane response. For example, a soluble version of an imnune
checkpoint protemm Hgand such as a stabilized extracethdar domain can binding to #s
receptor to indirectly reduce the effective concentration of the receptor to bind to an
5 appropriate ligand. In one embodiment, anti-PD-1 antibodies, ant-PD-L1 antibodies, and
anti-CTLA-4 antibodies, cither alone or in combination, are used o inhubit mmune
checkpoints.
“ipilimunab” is a representative example of an anti-tmmune checkpoint therapy.
Inthomemab (previously MBPX-010; Medarex Inc., marketed by Brstol-Myers Squibb as
10 YERVOY™) iy a fiully waman anti-haman UTLA-4 monoclonal antibody that blocks the
binding of CTLA-4 to CDEO and CDR6 expressed on antigen presenting cells, thereby,
blocking the negative dowrn-regulation of the inumene responses ehicited by the interaction
of these melecules {see, for example, WO 20137169971, ULS. Pat. Publ, 20020086014, and

LS. Pat. Publ. 20030086930,

L

The term “mmmune response” includes T cell mediated andfor B eell mediated
inuneng responses.  Exemplary immunce responses inclade T coll responses, e.g., oviokine
prodaction and cellular ovtotoxicity. In addition, the torm immane response inclades
immane responses that are indircetly effected by T cell activation, . g, antibody production
{humoral responses) and activation of eytokine responsive cells, e.g., macrophages.

24 The term “immunotherapeutic agent” can mclude any molecute, peptide, antibody
ot other agend which can stiroulate a host ioununs system to gencrate a8 IUBUNG 1ESPOBSE
to & fumor or cancer in the subject. Various immunotherapeutic agents are usefol in the
compositions and methods described herein

The term “mnhibit” mcludes the decrease, hnuiation, or blockage, of, for example a
25 particular action, function, or mieraction. In some embodiments, cancer is “inlubited” 3f at

least one symptom of the cancer is alleviated, terminated, slowed, or prevented. As used
herein, cancer 1s also “inhibited” if recurrence or mictastasis of the cancer is reduced,
sfowed, delayed, or prevented.
The term “toraction”, when referring to an inderaciion between two molecules,
30 rofors to the physical contact {e. g, binding) of the molecules with one another. Generally,
sach an interaction results in an activity {(which produces a binlogical offect) of ong or both

of said molecules.

M
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An “isolated protein” refers fo a protein that is substantially free of other proteins,
cellular material, separation mediony, and culture median when isolated from cells or
produced by recombinant DNA technigaes, or chemical precursors or other chemicals when
chenucally synthesized. An “isolated” or “purified” protein or biologically active portion

5§ dhereof is sabstantially free of cellalar materiad or other contanunating proteins from the
cell or fissue sowree from which the antibody, polypeptide, peptide or fusion protein is
derived, or substantially free from chemical precursors or other chemicals when chomically
synthesized. The language “substantially free of cethdar material” includes preparations of
a btomarker polypeptide or fragment thereof, In swhich the protein s separated from celhdar

0 componenis of the cells from which it is isolated or recombinantly produced. Inone

embodiment, the language “substantially free of cethular matersal” mncludes preparations of

a biomarker protein ov fragment thereof, having less than abowut 30% (by dry weight) of

non-Homarker protemn {also reforred o herein as a “contasunating profein’y, more

preferably less than about 20% of non-biomarker protein, still move preferably less than

L

about 10% of non-blomarker protein, and most preferably less than about 3% non-
biomarker protein. When antibady, polypeptide, peptide or fusion protein or fagment
thercofl e.g.. a biclogically active fragment thercof, is recombinantly produced, it is also
preferably substantially fice of culture mediuny, Le, culture medium represents less than
about 20%, more preferably Jess than about 10%, and most preferably less than about 3% of
A the volume of the protein preparation.

A Ykt s aoy manalachae {e.g & package or containcr) comprising at fcast one
reagent, e.g aprobe or simall molecule, for specifically detecting andior affecting the
expression of a marker of the present invention. The kit may be promoted, distributed, or
sold as a wnt for perfornung the methods of the present invention.  The kit may comprise
3% one or more reapents nocessary t express a composition useful in the methods of the

present fmvention. In certain embodiments, the kit may further comprise a reference
standard, e.g., a nucleie acid encoding a protein that does not affect or regulate signaling
pathways controlling cell growth, division, nugration, survival or apoptosis. One skilied m
the art can envision many such control proteius, inchading, bl not limited to, comnion
3 molecular tags (e g, green fluorescent protemn and beta-galactosidase), proteins not
classificd in any of pathway encompassing cell growth, division, nugration, swvival or
apoptosis by GeneOntelogy refereuce, or ubtguitous housckeoping proteins. Reagonts in

the kit may be provided in individual containers or as mixtures of two or more reagents i a

“ 29
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single container, In additton, iistructional materials which deserthe the wse of the
compositions within the kit can be incladed.

The term “necadjuvant therapy™ refers to a treatment given before the primary
weatment. Examples of ncoadjuvant therapy can molude chemotherapy, radiation therapy,
and hormone thevapy. For example, in treating breast cancer, neoadjuvant therapy can
allows patients with large breast cancer o underge breast-conserving surgery,

The “normal” level of expression of a biomarker 1s the level of expression of the
biromarker in cells of a subject, e.g., a human patient, not afflicted with a cancer. An “over-
expression” or “significantly higher lovel of expression”™ of a biomarker refers to an
expression fevel in a tost sanple that s greater than the standard error of the assay
employed to assess exprossion, and is preferably at least 10%, and more pref@rahiy 1.2, 1.3,
A 1S5, 16 L7 LR 19, 20,21, 21,222,223, 24,25 26, 2.7,28,29,3,35,4 45, 5§,
5,6,65 775 8 RA 9905 10, 105 11, 12,13, 14, 15, 16, 17, 18, 19, 20 times or more
higher than the expression activity or level of the hiomarker in g control sample {2.g.,
sample from a healthy subject not baving the biomarker associated discase} and preferably,
the average exprossion level of the biomarker in several control samples. A “significantly
lower level of expression™ of a biomarker refers to an expmss‘ion fevel m a test sample that

tleast 16%, and more preforably 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 18, 1.9, 2.0, 2.4, 2.1, 2.2,
R 8

s at
23,24, 2526 27,28 29,335, 4 45,5 55665775 8 859,05 10, 165,11,

12, 13, 14, 15,16, 1718, 19, 20 times or more lower than the expression level of the
bicnarker in a condrol sample {e g, sample from a healthy subject not having the biomarker
associated discase) and preferably, the average expression level of the blomarker in several
control samples.

An “over-expression’ or “sigmficantly higher level of expression™ of a biomarker
refers to an expression level in a tost smople that 15 greater than the standard ervor of the
assay employed to assess expression, and is preferably at least 10%, and more preforably
P2, 00 L4 15,16 L7, L 10, 20,21, 21,2223, 24, 25,26 27,28,29, 3,35, 4,
45,5, 85,665 7 75 8, 85,9 95 10, 105, 11, 12, 13, 14, 15,16, 17, 18, 19, 20 times
or mare higher than the expression activity or level of the biomarker in a confiod sample
{e.g., sample from a healthy subject not having the biomarker associated disease) and
proferably, the average expression fevel of the biomarker in several controf samples. A
significantly lower level of expression™ of a bicoarker refers to an expwession level ina

test sampde that is at least 10%, and wore preforablv 1.2, 13, 14, 1.5, 1.6, 1.7, 1.8, 1.8, 2.0,
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1, 1005, VE, 12,13, 14, 15, 16, 17, 18, 19, 20 times or more fower than the expression level

of the biomarker i a control sample {e.g.. sample from a healthy subject not having the

hiomarker assoctated discase) and preferably, the average expression level of the biomarker
3 b oseveral control samples.

The term “pre-determined” blomarker amount and/or activily measurement(s) may
be a biomarker amount and/or activity measurement(s} used to, by way of example only,
evaluate & subject that may be selected for a particular treatment, evaluate aresponse to a
treatment such as ap aoti-tmmune chockpoint inhibitor therapy, andéor evaluate the disease

0 state. A pre-determined biomarker amount and/or activity measurement(s) may he
determined in populations of patients with or without cancer. The pre~-determined
hiomarker amount andfor activity measarement{s} can he a single number, equally
applicable to every paticat, or the pre-determined biomarker amunt andfor activity

measurement(s) can vary according to specific subpopulations of patients.  Age, weighi,

L

height, and other factors of a subject may affect the pre-determined bromarker amount
and/or activity measarement(s) of the individual, Furthermore, the pre-determined
hiomarker amound andfor activity can be determined for cach subject individuallv, lnone
embodiment, the amounts deterpuned andéor compared in a method desoribed herein are
based on absolute measurements. In another embodiment, the amounts deternuned andior
A compared i a method described heremn are based on relative measurements, such as ratios
{e.g., serum iomarker normalized fo the expression of & housckeeping or otherwise
generally constant biomarker). The pre-determined blomarker smount andfor activity
measurement{s) can be any suntable standard. For example, the pre-deternined biomarker
amwunt angdéor activity measwrement{s) can be obtained from the same or a different human
25 for whom a pationt selection 15 being assessed. In one embodiment, the pre-determined
biomarker amount andfor activity measarement(s) can be obtained from a previous
assessment of the same patient. In sach a manner, the progress of the selection of the
patieni can be monitored over time.  {n addition, the contrel can be obtaned from an
assessment of another human or multiple humans, e g, selected groups of humans, if'the
W subject is a human. In such 2 manner, the oxtent of the selection of the hwman for whom
selection is boiny asscssed can be compared to suitable other bumans, e g, other humans
wha are m a sivular situgtion to the human of interest, such as those suffering from sinular

or the same condition(s) andior of the same ethmie group.
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The term “predictive” includes the use of a hiomarker nucleie acid andfor protein
status, e.g., over- or under- activity, emergence, expression, growth, renission, recuwrence
or reststance of tumors before, during or after therapy, for determimag the hikelghwod of
response of a cancer to anti-impwune checkpomnt weatment {e.g:, therapeutic antibodies

5 against CTLA-4, PD-1, PD-L1, and the like). Such predictive use of the biomarker may he
confirmed by, e.g., {1) increased or decreased copy number {e.g., by FISH, FISH plus SKY,
single~-molecule sequencing, e.g., as described 1n the art at least at J. Biotechnol., 86:289-
301, or gPCR), overexpression or underexpression of a biomarker nucleic acsd (e g, by
ISH, Northern Blot, or gPCR), increased or decreased biomarker protem (e.g., by IHCY, or

10 ncreased or deoreased sotivity, e.g., tn more than about 5%, 6%, 7%, 8%, P, 10%, 11%.

12%, 13%, 14%, 15%, 2006, 25%, 30%, 400, S0%, 60%, T0%%, 8O0, 00%, 95%, 100%, or
more of assayed nanan cancers types or cancer samples; (23 1ts absohute or relatively
maodulated presence or absence in 3 biological sample, e g, & sample contabning tissue,

whole hlood, serum, plasma, buccal scrape, saliva, cercbrospmal fuid, urine, stool, or bone

L

marrow, from a subject, &g a buman, affhicted with cancer; (3} ifs absolute or relatively
modulated presence or absence in clinical subset of pationts with cancer {e.g., those
responding to a particular anti-imome checkpoint therapy or those developing resistance
thereta).
The term “pre-malignant festons™ as deserbed herein refers o a lesion thay, while
A not cancerous, has potential for becoming cancerous. B also includes the term “pre-
malignant disorders” or “potentially malignant disorders.” Tn particelar this refers to a
benign, morphologically andfor histologically altered tissue that has a greater than novmal
risk of malignant ransformation, and a disease or a patient's habit that does not necessanily
alter the clinical appearance of focal fissue but {s associated with 3 greater than normal risk
25 of precancerous lesion or cancer development m that tissue (leukoplakia, erythroplakaa,
erviroleukoplakia hehen planus (ichenoid reaction) and any lesion or an area which
histological exanunation showed atypia of cells or dyvsplasia.
The terms “provent,” “proventing,” “provention,” “prophviactic reatimend,” and the
like refer to reducing the probabifuy of developing a disease, disorder, or condition in g
W subject, who does not bave, but 1z at nisk of or suseeptible to developing a disease, disorder,
or condition.
The torm “probe” refers to any maolecule which is capable of selectively binding to a

specifically intended target molecule, for example, a nucleotide transcript or protein
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encoded by or comresponding to a bomarker nacleie acid. Probes can be either synthesized

by one skilled in the art, or derived from appropriate biological preparations. For purposes

of detection of the target molecale, probes may be specifically designed to be Iabeled, as

described herein. Examples of molecules that can be utilized as probes mclude, but are not
5 hinuted to, RNA, DNA, proteins, antibodies, and orgamic molecales.

The term “progrosis” mchudes a prediction of the probable course and oufcome of
cancer or the likelihood of recovery from the disease. In some cmbodinents, the use of
statistical algorithms provides a prognosis of cancer in an individual. For example, the
prognosis can be surgery, development of a chinieal subtype of cancer {e.g., solid aamors,

16 »uch as lung cancer, melanoma, and renal cefl carcinoma), development of one or more
climeal factors, development of itestinal cancer, or recovery from the disease.

The term “response to anti-immune checkpoint therapy” relates to any response of
the hyvperproliferative disorder (e.g., cancer) to as anti-timmune checkpoint therapy, such as

anti-tmmune checkpoint therapy, preferably to a change in tumor mass and/or volume after

L

initiation of neoadjuvant or adjuvant chemotherapy. Hyporprobiferative disorder response
may be assessed |, for example for efficacy or In a neoadiuvant or adjuvant situation, where
the size of a temor after systensic mtervention can be compared {o the initial s1ze and
dimensions as measuared by CT, PET, mammogram, ultrasound or palpation. Responses
may also be assessed by caliper measurerment or pathological examination of the tumor
A after biopsy or surgical resection. Response may be recorded ina quamimtive fashion tike
poreerdage change b tumnor volame o i a qualitative fashion like “pathological conyplete
response” {(pCRY, “clinteal complete remission”™ {0CR), “chnical partial renuission™ (¢PR),
“climcat stable disease” (0SB}, “clinical progressive disease™ {cPD)Y or other qualitative
criteria. Assessment of hvperprofiferative disorder response sy be done carly after the
25 onset of neoadpuvant or adjuvant therapy, e.g, after a fow bours, days, weeks or preferably
after a fow months. A typical endpomt for response assessment is upon fermination of
neoadjuvant chemotherapy or upon surgical removal of residual tumor cells andfor the
tumor bed. Thus 1s typically three months after iitiation of nmadjmram therapy. In soime
embodiments, climcal efficacy of the therapeutic treatments described herein may be
W determined by measuring the clinical benefit rate {CBR). The clinical benefit rate is
measwred by determining the sum of the percentage of patients who are in complete
remission {CR), the number of patients wheo are in partial remission (PR) and the number of

patients having stable disease {(SD} at a time point at least 6 months out from the end of

Lot
ol
3
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therapy. The shorthand for this formula 1s CBR=CRPRASD over 6 months. In some
embodiments, the CBR for a particular cancer therapestic regimen is at least 25%, 30%,
35%, 40%,, 43%,, S0%, 35%, 60%, 63%, T0%, 73%, 809, 85%, or more. Additional
criteria for evaluating the response to cancer therapies are related to “survival,” which

5 icludes all of the following: swvival unal mortality, also known as overall survival
{wherein said mortality may be either mrespective of cause or hunor related); “recarrence-
freg survival” (whercin the term recurrencee shall include both localized and distant
recurrence); metastasis free survival: disease free survival (wherein the term disease shall
mclade cancer and diseases associated therewith). The length of swid survival may be

16 calowlated by reference o a defined start pont (e.g., time of diagnosis or start of reatment)

and end point {e.g., death, recurrence or metastasis). In addition, criteria for efficacy of

weatment can be expanded to inclade response to chemotherapy, probability of survival,

probabifity of metastasis within g given time peried, and probability of tumer recurrence,

For example, in order to determine appropriate theeshold values, a particular cancer

L

therapoutic regimen can be adnunistered to a population of subjects and the outcome can be
correlated to biomarker measuwements that were determined prior o administration of any
cancer therapy. The outcome measurement may be pathologic response to therapy given in
the nenadjuvant setting.  Alternatively, outcome measures, such as overall sarvival and
discase-free survival can be monitored over a pentod of thme for subjects folowing cancer
A dherapy for whom biomarker measarement values are known. In cortain embodiments, the
doscs administered are standard doses known in the art for cancer therapeoutic agents. The
period of time for which subjects are monitored can vary, For example, subjects may be
monitored for atleast 2, 4,6, 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 45, 30, 35, or 60
months. Biomarker measurement threshold values that correlate to outcome of a cancer
25 therapy can be determined using well-known methods i the art, such as those deseribed m
the Examples section.

The term “resistance” refers to an acquired or natoral resistance of a cancer sample
or a rngpmmal to 8 cancer therapy { 1., being nonresponsive to ot having reduced or lunited
response o the therapeutic treatment), such as baving a reduced response & a therapewtc

W treatment by 25% or more, for example, 30%, 40%, 50%, 6%, 70%, 80%, or more, to 2-
fudd, 3-fold, 4-fold, 5-foid, 10-fold, 15-fold, 20-fold or more. The reduction in response
can be measured by comparing with the same cancer sample or marnmat before the

resistance is acquired, or by comparing with a different cancer savople or a mammal who is
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known to have no resistance 1o the therapeutic treatment. A typical acquired resistance to
chemotherapy 1s called “mududrag resistance.™ The multidrug resistance can be mediated
by P-glycoprotein or can be mediated by other mechanisms, of it can cecwr when a mammal
is mfected with a multi-drug-resistant microorganism or a combmation of microorganisms.
5 The determination of resistance to a therapeutic treatiment 1s routine in the art and within the
skill of an ordinanly skilled clinician, for example, can be measured by cell proliferative
assays and cell death assays as described herein gs “sensitizing,” In some embodiments, the
term “reverses resistance” means that the use of a second agent in combination with a
primary cancer therapy {e.g., chemotherapeatic or radiation therapy) is able to produce a
10 »tonificant decrease in tumor vohnme at a fevel of statistical significance {e g, p<0.035)
when compared to tumor volume of untreated tumor i the circumstance where the primary
cancer therapy {e.g., chemotherapentic or radiation therapy) alone is wnable o produce «
statistically significant decrcase m ganor vohnme compared to tumor voleme of ynireated

tumor. This generally apphics to tumor volume measurements made at a time when the

L

untreated tumor 1s growing log rhvthamcally.

The terms “response” or “responsiveness” refors 1o an anti-cancer response, €., i
the sense of reduction of tumor size or inhibiting tamor growth. The terms can also refer to
an improved prognosis, for example, as reflected by an increased time o recurrence, which
is the period to first recurrence censoring for sccond primary cancer as a first event or death
2 without evidence of recurrence, or an increased overall swrvival, whach is the period from
goatoent © death from any cause. To respond of 1o have 3 response means there is a
beneficial endpomt attained when exposed to a stimulus. Alternatively, o negative or
detrimental synptom is minimized, pitigated or attenuated on exposure to a stimuhes. R
will be gppreciated that evaleating the likelihood that 3 tumor or subject will exhibita
25 favorable response 15 equivalent to evaluating the likelibood that the tumor or subiject will

not exhibit favorable response (Fe, will exhibit a lack of response or be non-responsive).
An “RNA interfering agent” as used herein, is defined as any agent which interferes
with or indubits cxprossion of & target bicwoarker gone by RNA tiferforence (RNALYL Such
RNA mterforing agents mclude, bt are not himuted to, nucleic scid molecudes including
W RNA molecules which are bomologous to the tavget biomarker pene of the present
wvention, or a fragment thereof, short interforing RNA (siIRNA), and small molecules
which tterfere with or whibit expression of a target bromarker nucletc acid by RNA

wterference {RNAG).

H
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“RNA interference (RNA1Y 15 an evolutionally conserved process whereby the

expression ot inoduction of RNA of a sequence that is identical or lughly similar to a
target biomarker pucleie acid results in the sequence specific degradation or spectiic post-
wanseriptional gene silencing (PTGS) of messenger RNA (mRNA) transenibed from that

5 targeted gene {see Coburn, G. and Cullen, B. 2002} J. of Firology TO(1R):9225}, thereby
prbubiting expression of the target biomarker mucleie actd. In one embodiment, the RNA i
double stranded RNA (dsRNA). This process has been desenibed 1 plants, invertehrates,
and manunahian cells. In natme, RNA1 s timtiated by the dsRNA-speeific endonuclease

gmenis

=
T

Dicer, which promotes processive cleavage of long dsRNA mto double-stranded fra
10 termed siRNAs, siRNAs are meorporated inio a protein complex that recognizes and
cleaves target mRNAs. RNA1 can also be initiated by introducing nucleic acid molecules,
e, synthetic SIRNAs or RNA interfering agents, to inhubit or silence the expression of
farget bomarker nuclete acids. As used horetn, “inhilntion of target bivmarker suclec acid

expression” or “inhibition of marker gene expression” includes any decrease in expression

L

ot protein activity or level of the target bromarker nucleie acid or protein encoded by the
target biomarker pucleie acid. The decrease may be of af least 30%, 40%, 5G%, 60%, 70%,
Rii%, 0%, 95% or 99% or more as compared to the expression of a target biomarker
mucleic acid or the activity or level of the protein encoded by a target biomarker nucleic
acid which has not been targeted by an RNA interfering agent.
24 The term “sample™ ased for detecting or deternuning the presence or level of at least
onc biomatker is tvpically whole blood, plasma, sorum, saliva, wine, stool (e.g., feoes),
tears, and any other bodily fluid {e.g., as described above under the definition of “hody
flaids™), or a tissue sample {e.g., biopsv) sach as a small intestine, colon sample, or surgical
resection fissue. In certain nstances, the method of the present invention further comprises
25 obtaning the sample from the individual prior to detecting or determining the presence or
level of at feast one marker in the sample.

The term “sensttize” means to alter cancer cells or tumor cells i a way that altows
for mare effective treatment of the asseciated cancer with a cancer therapy {e.g, andi-
munune checkpoint, chemotherapeutic, and/or radmtion therapy). In some embodiments,

W normal cells are not affected to an extent that causes the normal cells to be unduly injured
by the anti-immene checkpoint therapy. An increased sensitivity or a reduced sensitivity to
3 therapeutic treafrent is measwred according to a known nicthod o the mt for the

particular treatment and methods deseribed herein below, including, but not limited to, cell
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proliferative assays (Tanigawa N, Kem D H, Kikasa Y, Morton DD L, Cancer Res 1982, 42:
2159-2164), cell death assays (Weisenthal L M, Shoemaker R H, Marsden 3 A, Dilt P L,
Baker J A, Moran E M, Cancer Res 1984; 94: 161-173; Weisenthal L M, Lippman M £,
Cancer Treat Rep T985: 69 615-632; Wetsenthal 1. M, In: Kaspers G I L, Pieters R,
Twentyman PR, Weisenthal L. M, Veerman A ] P, eds. Drug Resistance in Leukemia and
Lymphoma. Langhome, P A: Harwood Acadesuc Publishers, 1993: 415-432; Weisenthal L
M, Contrih Gynecol Qbstet 1994; 19 82-90). The sensitivity or resistance may also be
measured in animal by measurmg the tumor size reduction over a pertod of time, for
example, & manth for haman and 4-6 weeks for mouse. A composition or a method
sensifizes response {o a therapeutic reatment if the mncrease in freatment seositivity o the
reduction in resistance 1s 23% or more, for example, 30%, 40%,, 50%, 60%, 70%, 80%, or
more, to 2-fold, 3-fold, 4-fold, S-fold, 10-fold, 15-fold, 20-fold or wore, compared o
weatroent sonsitivify or resistance in the absence of such cormposition or method. The
deternunation of sensitivly or resistance 1o a therapeutic treatment 1s routine in the art and
within the skill of an ordinaniy skilled climician. s to be understood that any method
deseribed herein for eohancing the efficacy of a cancer therapy can be equally applied w
methods for sensitizing hyperproliferative or otherwise cancerous cells fe. g, resistant cells)
to the cancer therapy.

N

The term “synergistie effect”™ refers to the combined effect of two or more anti-
immune checkpoint agents can be greater than the sum of the separate effects of the
anticancer agents alone.

“Short interfering RNA” (GIRNA), also referved to herein as “small imerforing
RNA™ 15 defined as an agent which functions to intubit expression of a target biomarker
mseleic acid, e g, by RNAL An siRNA nwy be chenncally synthesized, may be produced
by in vitvo transcription, or iy be produced within a host cell. In one embodiment, siRNA
is a donble stranded RNA (dsRNA ) molecule of about 15 to about 40 nucleotides n fength,
preferably about 13 to about 28 nucleotides, more preferably about 19 to about 25
nucieotides in fength, and more preferably about 19, 20, 21, or 22 nucleoiides i length,

-

amd miay contain a 37 andfor 37 overhang on cach strand baving a leongth of about 0, 1, 2,3,
4, or 5 nucleotides. The length of the overhang is independent hetween the two strands, ie,
the length of the overhang on one strand is not dependent on the length of the overhang on

the sccond strand. Preforably the siRNA is capable of promoting RNA niderforence through
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degradation or specific post-transeriptional gene silencing (PTGS) of the tavget messenger
RNA imRNA).
In another embodiment, an siRNA is a small hairpm (also called stom loop) RNA
{shRNA}. In one embodiment, these shRNAs are composed of a short {eg., 1923
5 nacleotide} antisense strand, followed by a 5-9 nucleotide foop, and the analogous sense
strand. Alferoatively, the sense strand amay precede the nuclectide lonp structure amd the
antisense strand may follow. These shRNAs may be contained in plasmids, retroviruses,
and lentiviruses and expressed from, for example, the pol HH Ub promoter, or another
promoter {see, .2, Stewart, ¢f ad. {2003y RNA Apr;9(43:493-301 incorporated by meference
10 hereind,
RNA mterfering agents, e g siRNA molecules, may be admimstered to o patient
having or at risk for having cancer, to mhihit expression of 4 biomarker gene which is
overexpressed m cancer and therchy treat, provent, or inlubit cancer w the subject.

The torm “subject” refers to any healthy animal, mammal or human, or any animal,

L

mammal or haman afflicted with a cancer, e.g., kg, ovarian, pancreatic, Hver, breast,
prostate, and colon carcinomas, as well as melanoma and multiple mycloma. The torm
“subject” is inferchangeable with “patient.™
The term “survival” inchuides all of the followmg: survival untll mortality, also

known as overall survival (wherein said mortality may be either irreapective of cause or
28 wumor relatedy; “recorrence-free survival” (wherein the term recorence shall include both
fovalized and distant recurrence); metastasis free sarvival; disease freo survival {whercin
the term disease shall inchude cancer and discases associated thorewith), The fength of said
swrvival may be calowlated by reference to a defined start point (.2 time of diagnosis or
start of treatment) ard end poi (e g death, recurrence or metastasis). In addition, erifenia
25 for efficacy of treatment can be expanded to include response to chemotherapy, probabiluy

of survival, probability of metastasis within a given time period, and probability of tumor

recurrence.

The term “therapeutic effect” refers to a local or systemic effect in animals,

particularly manunals, and more particularly lnnmans, caused by a pharmacologically active
W substance. The term thus means any substance intended for use m the diagnosis, cure,
mitigation, treatment or prevention of discase or in the cabancoment of desirable physical
or niental development and conditions in an antimal of hwman.  The phrase “therapeutically-

effective amount” means that amount of such a substance that produces some desired focal
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or systenme effect at a reasonable benefitnisk ratio applicable to any treatment. In certain
embodiments, a therapeatically effective amount of & compound will depend on its
therapeutic index, sohbility, and the like. For example, certain compounds discovered by
the methods of the present invention may be adounistered 1n a sufficient amount to produce
a reasonahle benefivrisk ratio applicable to such treatment.

The terms “therapestically-effective amount”™ and “effective amoant” as used heremn
means that amount of a corapound, matenial, or composition comprising a compound of the
present invention which is effective for producing some desired therapeutic effect i at least
a sub-population of cells tn an animal at a reasonable benefit/risk ratio applicable to any
medical treatment, Toxiaity and therapeutic efficacy of subject compounds may be
determined by standard pharmaceutical procedures m cell cultures or experimental animals,
e.g., for determiming the LDs and the EDse. Compositions that exhibit farge therapeutic
mdices are preforred. in some emboduments, the LDy (ethal dosage) can be mcasored and
can he, for example, at least 10%, 20%, 30%,, 40%, 50%, 60%, 70%, 80%,, 90%, 100%,
J00%,, 30054, 400%, 300%, 600%, TOD%, 8009, G00%, 1000% or more reduced for the
agent relative to no administeation of the agent. Sinsiladdy, the EDg (7., the concentration
which achicves a half~maximal inhibition of symptoms) can be measared and can be, for
cxample, at feast 10%, 20%, 3000, 0%, 50%, 605, 700, 8%, 90%, 1009, 200%, 3008,
40085, 500%, 660%, TOGY, BO0%G, 900%, 1000% or more increased for the agent relative o
no admimstration of the agent. Also, Similarly, the ITs (e, the concentration which
achivves half~owaimal cvtoloxic or eytostatic offect on cancer cells) can be measured and
can be, for example, at least 0%, 205, 3004, 40%, 50%, 60%, T0%, 80%, 9054, 100%,
200%,, 300%%, 400%, 500%, 600%, TO0%,, RG0%, 900%, 1000% or more increased for the
agent relative fo no admbustration of the agent. In some eadbodiments, cancer cell growth
in an assay can be inhibited by at least about 10%, 18%, 20%, 25%, 30%, 35%, 40%, 48%,
S0%0, 35%, 6004, 63%, TO%, 73%, B0%, 83%, 9%, 05%, or even HIYG, In another
embodiment, at least about a 10% , 159, 20%, 25%, 309, 358%, 4084, 458%, 50%, 559,
B, 63%, T, 73%, 8%, 5%, 90%, 95%, or even 100" decrease i a solid malignancy
can be achieved.

A “ranscribed polynucleotide™ or “nucleotide transcript”™ is 2 polvnucleotide {e g
an mRNA, luRNA, 3 ¢cDNA, or an analog of such RNA or ¢DNA) which is complementary

to or homologous with all or a portion of a mature mRNA made by transcription of a
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bromarker nucleie acid and normal post-transeriptional processing (e.g. splicing), if any, of
the RNA wanscript, and reverse transcription of the RNA wanseript.

As used herein, the term “unresponsiveness” inclades refractivity of mmnume cells to
strmulation, e.g., stinndation via an activaling receptor or a cytokine. Unresponsiveness
can oceur, e, because of exposare to Immunosappressants or exposwe o high doses of
antigen,  As used herein, the term “anergy™ or “tolerance™ inclades refractivity to
activating receptor-mediated stimulation.  Such refractivily is generally antigen-specific
and persists after exposure to the tolenizing antigen has ceased. For example, anergy i T
cells (as apposed o unresponsiveness) is characterized by lack of eviokine production, g,
IL-2. T cell anergy occurs when T cells are exposed to antigen and receive a fivst signal (3
T cell receptor or CD-3 mediated signal) in the absence of a second signal (a costimulatory
signal). Under these conditions, reexposure of the cells fo the same antigen {even if
reexposure pecurs i the presence of a costimulatory polypeptide) results s fathure to
produce cyviokines and, thus, futlure to proliferate. Anergic T cells can, however, proliferate
if cultured with ovtokines {e.g, 11-2). For example, T cell anergy can also be observed by
the lack of IL-2 production by T lymphocytes as measured by ELISA or by a proliferation
assay using an indicator coll lime. Alternatively, a reporter gene construct can be used. For
example, anergic T cglls fail to itiate 1L-2 gene transcription mgduced by a heterologous
promoter under the control of the 57 IL-2 gene enhancer or by a multimer of the AP
sequence that can be found within the enhancer (Kang er af (19923 Science 257:1134).

There is a knows and definite cotrespondence between the amino actd sequence of a
particudar protemn and the nucleotide sequences that can code for the protein, as defined by
the genetic code {shown helow). Likewise, there is a known and definite correspondence
between the nucleotide sequence of a particular mucleic acid and the amino acid sequence

encaded by that nucleie acid, as defined by the genetic code.

GENETIC CODE

Alanine {Ala, A) GCA, GCC, GCG, GCY

Argiine (Arg, R} AGA, ACG, CQA, CQC, CGG, CGY
Asparagine {Asn, N} AAC, AAT

Aspartic acid (Asp, ) GAC, GAT

Cysteine (Cys, O) TGC, TGT

Glatamic actd (Gly, B) GAA, GAG

Glutaniine (Gln, O) CAA, CAQ

- 46} -
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Glyeine (Gly, G)
Histichne (His, H)
Isoleucine (Hie,
Leaane (Leu, 1)
Lysine {Lvs, K)
Methiomne (Met, M}
Phenvlalanine (Phe, Fi
Proline (Pro, )
Serine (Ser, S)
Threonine (Thr, T)
Tryptophan {Trp, W)
Tyrosine (Tyr, Y}
Valine {(Val, V)

Termination signal (end)

PCT/US2015/053933

GGA, GGC, GGG, GGT

CAC, CAT

ATA, ATC ATT

CTA, CTC, CTG, CTT, TTA, TTG
AAA, AAG

ATG

TIC, 1Y

CCA, CCC, CCG, CCY

AGC, AGT, TCA, TCC, TCG, TCT
ACA, ACC, ACG, ACT

TGG

TAC, TAT

GTA, GTC, GTG, GTT

TAA, TAG, TGA

An important and well known feature of the gonetic code 18 its redundancy,

wherchy, for most of the asuno acids used to make proteins, more than one coding

nucleotide triplet may be enploved {Hlustrated above), Therefore, a munnber of different

nucleotide sequences may code for a given amino acid sequence. Such nucleotide

sequences are constdered functionally equivalent siee they resudt in the prodection of the

same anuno ackd sequence 10 all orgamisms {although certain organisms may translate some

sequences more efficiently than they do othersy. Moreover, occasionally, a methyvlated

variant of a purine or pyrimidine may be found 1n a given mscleotide sequence. Such

methylations do not affeet the coding relationship between the wrinucleotide codon and the

corresponding amino acid.

In view of the foregomng, the nucleotide sequence of a DNA or RNA encoding a

hiomarker nuclete acid {or any portion thereof) can he used to dertve the polypeptide anuno

acid sequence, using the genetic code to translate the DNA or RNA mito an amine acid

sequence. Likewise, for polypeptide mmino acid sequence, corresponding nucleotide

sequences that can encode the polypeptide can be deduced from the genetic code {which,

o)

hecaase of its redundancy, will produce multiple nacloe acid sequences for any given

amino actd sequence). Thus, description gudfor disclosure heren of a nucleotide sequence

which encodes a polvpeptide should be considered to also mnclude description andifor

disclosare of the amine acid sequence encoded by the nucleotide sequence. Similarly,
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Chicken Ane-2 Anuno Acid Sequence

* Inchuded in Table | ave RNA nucleic acid molecudes (eg., thymines replaced with
uredines), nucleic acid molecudes encoding orthologs of the encoded proteins, as well as
DNA or RNA nucleic acid sequences comprising g nucleie acid sequence having at feast

B, §1%0, 82%, 83%, 8d%, 83%, B6%, 87%, B8%, 89%, 0%, 91%, 92%, 93%, 94%,

O3%%, 96%, 97%, 98%, H9%,, 99.3%, or more dentity across their foll length with the
nocleic acid sequence of any SEQ 1D NO listed m Table | or a portion thercof. Such
nucleic ackd molecales can have a function of the full-length nucleic acid as described

further herem.

* Included in Table 1 are orthologs of the proteins, as well as polvpeptide moleaules

comprising an anung acid scguence having at least 8%, 819, 82%, 83%, 84%, 83%,, 86%,

%6, BE, 89%, 0%, 91%, 910G, 93%, 94%,, 5%, 96%, 97%, 8%, 99%, 99.5%, or more

wentity across their fulf tength with an anuno acid sequence of any SEQ 1D NO listed in

- 48 -
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Table 1, or a portion thereof, Such polvpeptides can have a function of the full-length

polypeptide as described further herein.

* Included in Table | is Ang-2, mchuding any Ang-2 ¢DNA or polypeptide.

L

1. Subjects

in one embodiment, the subject for whom predicied likelihood of officacy of an
anti-imoame checkpodnt therapy is doternsined, is 8 manynal {e.g., mouse, rat, primate, won-
homan manwnal, domestic animal, such as a dog, cat, cow, horse, and the bke), and is

ity preferably a huma,

1n ancther embodiment of the methods of the prescnt invention, the subject has not
gndergone treatnient, such as chemaotherapy, radiation therapy, targeted therapy, andfor
anti~-imnume checkpoint therapy. In still another embodiment, the subject has undergone

treatment, such as chemotherapy, radiation therapy, targeted therapy, andéor anti-ioumneng

LA

checkpoint therapy.

In certain embodiments, the subject has had strgery & remove cancerous of
precancerous tissue, In other embodiments, the cancerous tissue has not been removed,
ey, the cancerous tissue may be located in an imoperable region of the body, such asin a
tissue that 1s essential for life, or i a region where a surgical procedure would cause
20 considerable risk of harm to the patient.

The methods of the present invention can be used to determine the respansiveness to
anti-imimme checkpomt therapies of many different cancers in subjects such as those
described above, In one cmbodiment, the cancers are selid tumors, such as hing cancer,
niclanoma, and/or renal cell carcinoma. In another emwbadiment, the cancer is an epithelial
cancer such as, but not Hmited to, bradn cancer {e.g., ghioblastomas) bladder cancer, breast
cancer, cervical cancer, colon caneer, gynecologic cancers, renal eancer, larvageal cancer,
hang cancer, oral cancer, head and neck cancer, ovarian cancer, pancreatic cancer, prostate
cancer, or skin cancer. In sull other embodiments, the cancer is breast cancer, prostate
cancer, lung cancer, or colon cancer. In st other cmbodiments, the eputhelial cancer is
8 noesmall-cell ing cancer, nonpapiliary renal coll carcinoma, cervieal carcinomag, ovaran
carcinoma (e, sorous ovarian carcinomal, or breast carcinoma. The epithelial cancers
may be characterized i various other ways inclading, but not timited to, serous,

endometrioid, macinous, clear cell, bronwer, or undifferentiated.

<49«
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EER Sammple Collection. Preparation and Separation

In some enthodiments, biomarker amount andior activity measarement(s) in a
sample from a sabject is compared to a predeternuned controf (standard) sample. The
sample from the subject is typically from a discased tissue, such as cancer cells or tissues.

5 The control sample can be from the same subject or from a different subject. The control

sample is tvpically a noroal, non-discazed sample, However, in somwe embodiments, such

as for staging of disease or for evaluating the efficacy of treatraent, the control sample can
be from a discased tissue. The control sample can be a combination of samples from
several different subjects. In some sobodiments, the biomarker amount andfor activity

160 measuremeni(s) from a subject 1s compared to g pre-determined level, This pre-determined
level is typically obtained from normad samples. As described berein, a “pre~determined”
biomarker mnount andfor activity measarement{s} may be a biomarker amount andfor
activity measurement(s) used to, by way of example only, evaluate a sudyect that nay be

sclected for treatment, evaluate a response 1o an anti-immune checkpoint therapy, andior

L

evaluate a response to a combination anti-inimune checkpomt therapy. A pre-determuned

biomarker amount andfor activity measurement{s} may be detcrmined m populations of

patients with or withowt cancer. The pre-determined blomarker amount andfor activity
measurenmeni{s) can be a single mimber, equally applicable to every patient. or the pre-
determined biomarker amoant anddor activity measarement(s) can vary according to

2 specific subpopulations of patients. Age, weight, height, and other factors of a subject may

atfct the pre-determined biomarker amount andfr activity measurcment(s) of the

mdividual. Furthermore, the pre-determined biomarker smount andfor activity can be
deternuned for cach subject individually. In one embodiment, the amounts deternuned
andfor compared w a method deseribed herein are based on absoluie measurements.

25 In another embodiment, the amounts determined andfor conpared in a method
described herein are based on refative measurements, such as ratios (e g, blomarker copy
nembers, level, anddor activity before a treatment vs. after a weatment, such hiomarker
measwoments relative to 3 spiked or man-made control, such biomarker mcasurcoients
relative to the expression of a houscheeping gene, and the like). For exanple, the relative

W analvsis can be based on the ratio of pre-treatment biomarker measurement as compared to

post-treatment bromarker measwrement.  Pre-treatment biomarker measarement can be

made at any time prior to utiation of anti-cancer therapy. Post-treatment biomarker

nicaswenient can be made at any tme after mitiation of anti-cancer thevapy. In some

- S8 -
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embodiments, post-treatment bromarker measurements are made ¥, 2.3, 4, 5.6, 7, 8, 9, 14,
FE 12, 85, 34, 15,16, 17, 18, 19, 20 weeks or more after mitiation of anti-cancer therapy,
and even {onger toward mdefinitely for continved monttoring. Treatment can comprise
anti-cancer therapy, such as a therapeutic regimen compnising iptinnmab alone or

5 combination with other anti-cancer agents, such as bevacizumab or anti-Ang-2 agents.

The pre-determned biomarker amount and/or activity measurement(s) can be any

suitable standard. For example, the pre-deternuned bromarker amount andfor activity
measurement(s) can be obtained from the same or a different human for whom a patient
selection is boinyg assessed, In one embodiment, the pre-determined biomarker amount

10 andfor actvity measeremeni{s} can be oblamed from a provious assessment of the same

patient. In such a manner, the progress of the selection of the patient can be monitored over

ame. o addition, the control can be obtained fom an assessment of another lasman or

nnsttiple humans, e.g., sclected groups of humans, if the subject is a2 human, o such a

manner, the extent of the selection of the human for whom selection is being assessed can

L

be compared to suitable other himans, e g, other humans who are in a sinular situation to
the human of interest, sach as those sufforing from similar or the same condition(s) andfor
of the same ethnic group.
In some embodiments of the present invention the change of omarker amount
andior activity measurement(s) from the preedawrmmed fevelisabout 0.1, 02,03, 0.4, 0.5,
20 06,0708 08, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, or 5.0 fold or greater, or any range m
between, inchsive. Such cutoft values Eipp]}-‘ cqua,ﬁiy when the measurcment is based on
relative changes, such as based on the ratio of pre-treatment biomarker measurement as
compared fo post-treatment biomarker measurement.
Biclogical samples can be colfected from g vartety of sources from a patient
25 including a body fluid sample, cell sample, or a tissue sample comprising nucleie acids
ancior proteins. “Body fuds™ refer to fluds that are exereted or secreted from the body as
well as fluids that ave normally not (e g, amniotic fluid, aquecns humor, bile, blood and
blood plasma, cercbrospinal fluid, corumen and earwax, cowper’s fhad or pre~gjaculatory
fhad, chyle, chvme, stool, female ejaculate, interstitial fhnd, mtracellular fluid, lymph,
W menses, breast nulk, mucus, pleural fluid, pus, saliva, schum, semen, scrom, sweat,
synovial fluid, tears, wine, vagingl lobrication, vitreous hamor, vomit). In a preferred
cmbodiment, the subject and/or contrel sample is sclected from the group consisting of

cells, cell hines, histological shides, paraffin embedded tssues, biopsies, whole blood, nipple
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aspirate, serum, plasma, buceal scrape, saliva, cerebrospinal thud, urine, stool, and bone
marrow. In one embodiment, the sample is serum, plasoia, or urine. IN another
emtbodiment, the sample is seram.
The samples can be collected from individuals repeatedly over a longitudinal period
5 ofume (g, once or more on the order of days, weeks, months, annuadly, blannaally, ete).
Obtmimng numerous samples from an individual over a period of tune can be used o verify
results from carlier detections gndfor to identify an alteration in biological pattern as a result
of, for example, discase progression, drug treatment, efc. For example, subject samples can
be taken and monitored every month, every two months, or combinations of one, two, or
10 threp month intervals according to the present invention. In addition, the biomarker amouwnt
and/or activily measurcments of the subject obtaned over time can be conveniently
compared with cach other, as well as with those of normal controls during the momitoring
period, thereby providing the subjeet’s own values, as an internal, or persanal, control for

long-term monitornag,

L

Sample preparation and separation can invoelve any of the procedures, depending on
the type of sample collected andfor analysis of biomarker measurement{s}. Sach
procedures imclude, by way of example only, concentration, dilution, adiustment of pH,
removal of high abundance polypeptides {e.g., albumin, zanwna globulin, and transforrin,
ete.}, addition of preservatives and calibrants, addition of protease inhibitors, addivon of
A denaturants, desatung of samples, concentration of sample proteins, extraction and
purification of lipds.

The sample preparation can also isolate molecules that ave bound in non-covalent
complexes to other protein {e.g., carrier proteins). This process may solate those
molecites bound to g spectfic carrier protein {e.g., albuming, or use a more general process,
25 such as the release of bound molecules from all carrier proteins via protein denaturation, for

example using an acid, followed by removal of the camier proteins.

Removal of undesired proteins {e.g., high abondance, wmnformative, or
gndetectable profems} from a sample can be achicved using high affuuty reagents, bigh
moiecular weight hilters, ultracentrifugation and/or clectrodialysis. High affinity reagents

W inchude antihodies or other reagonts {e.g., aptamoers) that sclectively bind to high abundance
proteins. Sample prepacation coudd also include ton exchange chromatography, metal ion
affinity clvomatography, gel filtration, hydrophobic clwomatography, chromatofocusing,

adsorption chromatography, isoelectric focusing and related techniques. Molecular weight
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filters include membranes that sepavate molecules on the basis of size and moleouwdar
weight. Such filters may further employ reverse osmosts, nanofiltration, elirafiltration and
microfiitration,

Ltracentrifugation is a method for removing undesired polypeptides from a sample.
Ultracentrifugation is the contrifagation of a sample at about 13 000-60,004 rpm while
wnitoring with an optical svstem the sedimentation (o lack thereof} of particies.
Elcctrodialvsis 1s a procedure which uses an electromembrane or senupermable membrane
n a process i which ions are transported through semi-permeable membranes from one
solution to another under the influence of a potenisal gradient. Since the membranes used
in electrodialysis nmay have the ability fo selectively transport ions having positive or
negative charge, reject tons of the opposite charge, or to allow species to migrate through a
semipermable membrane based on size and charge, it venders elecwrodialysis usefud for
concentration, removal, or separation of clectrolvies.

Separation and purtfication i the present wnvention may mclade any procedure
known in the art, such as capitlary electrophoresis (e.g., m capillary or on-chip) or
chromatography (e.g., in capiliary, columm or on a chip). Electrophoresis is a method
which can be used o separate ionic melecales under the nfluence of an clectric ficld.
Electrophoresis can be conducted in a gel, capiliary, or in a microchannel on a chip.
Examples of gels used for electwophoresis inchude starch, acrylamide, polyethylene oxides,
agarose, or combinations thereof. A gel can be modified by 1#ts cross-linking, addivon of
detergents, or denatorants, immobilization of enzyviows or antibolies (affinity
clectrophoresis) or substrates {zymography} and incorporation of a pH gradient. Examples
of capiflaries used for electrophoresis include capillaries that interface with an electrospray.

Capillary electrophoresis (CE) is preferred for separating complex hydrophitic
molecuies and highly charged solutes. CE technology can also be implemented on
mucroftuidic chips. Depending on the types of capillary and buffers used, CE can be further
segrented mto separation techimgaes such as capillary zone elecrophoresis (CZE),
capillary isoclectric focusing (CIEF), capillary isotachophoresis {elTP) and capillary
clectrochromatography (CEC). An embodiment to couple CE technigues to electrospray
wonization involves the use of volatile solutions, for example, aqueouns mixtures confaining a
valdatife acid andfor base and an organic sach as an alcohol or acetonitrile.

Capillary isotachophotesis (cITP) 1s a technigue i which the analvtes move through

the capillary at a constant speed but ave nevertheless separated by their respective
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mobilitics. Capillary zowe clectrophoresis {CZE), also known as free-solution CE {(FSCE),
1s based on differences in the electrophoretie mobihity of the speeies, determined by the
charge on the molecule, and the frictional resistance the molecule encovmters during
mugration which is often directly proportional to the size of the molecule. Capillary
isoclectric focusing {CIEF) allows weakly-ionizable amphoteric molecales, to be separated
by electrophoresis in a pH gradient. CEC is a hybrid techmigue between traditional high
performance fiquid chromatography (HPLC) and CE.

Separation and purification techniques used in the present mvention include any
chromatography procedures known in the art. Chromatography can be based on the
differential adsorption and chution of certain analytes or partiioning of analyies between
mobile and stationary phases. Different examples of chromatography include, but not
limited to, hguid chromatography (LC}, gas chromatography (GC), high performance hqoid

chromatography (HPLO), ote.

NS Biomarker Nucleic Acids and Polvpeptides

Ong aspect of the present vention pertaing to the use of isolated nacleie acid
molecudes that correspond to bromarker micleic acids that encode a hionwrker polypeptide
or a portion of such 2 polypeptide. As used heredn, the term “nucleie acid molecule” is
mtended to include DNA molecales {e.g., ¢DNA or genomic DNA) and RNA molecules
{e.r., mRNA) and analogs of the DNA or RNA generated using nucleotide analogs. The
aucleic acid moleeule can be single-stranded or double-stranded, v preferably is double-
stranded DNA.

An “solated” nucleie acid molecule is one which is separated from other nucleic
acid molecuies which are present in the natural source of the nucleie acid molecule.
Preferably, an “isolated” nucleic acid molecule is free of sequences (preferably proteins
encoding sequences) which naturally flank the mucleic acid (F.e., sequences located at the §°
and 3’ ends of the nucleic acid) m the genomic DNA of the organism from whuch the
nucleic anid is derived. For examyple, v various embodiments, the isolated nucleic geid
moedecule can contain less than abowt SKB, 4 kB, 3 kB, 2kB, 1 kB, 0.5 kB ov 0.1 kB of
nucleotide sequences which naturally flank the nucleie acid molecule in genomie IDINA of
the cell from which the nucieic acid 1s derived. Morcover, an “isolated™ nacleic acid

molecude, such as a ¢DINA melecule, can be substantially free of other cellular material or
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culture medium when produced by recombinant techniques, or substantially free of
chemical precursors or other chenucals when chemeally synthesized.
A biomarker nacleic acid molecale of the present invention can be isolated using
standard molecular biology techniques and the sequence miormation In the database
5 records described herein. Using alf or a portion of sach nucleic acid sequences, muscleic
acid mpdecales of the present invention can be isolated using standard hvbridization and
cloning techniques (e.g., 8s descuibed 1n Sambrook ef ol | ed., Molecular Cloning: 4
Laharatory Manuad, Ind ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY, 1989},
io A nacleie acid molecele of the present mvention can be amplificd using ¢cDNA|
mRNA, or genomic DNA as a template and appropriate ohigonucleotide primers according
to standard PCR amplification techniques. The nucleic acid molecules so amplified can be
cloned indo an appropriate vector and characterized by DNA sequence analysis,

Furthermore, oligonucicotides corresponding to all or a portion of a nucleic acid molecule

L

of the present invention can be prepared by standard synthetic techniques, e.g., using an
automated DNA synthesizer.

Moreover, a nacleic acid molecale of the present invention can comprise ondy a
portion of a nucleie scid sequence, wherein the full length nucleie acid sequence comprises
a marker of the present invention or which encodes a polypeptide corresponding to a
A marker of the present invention. Such pucleie acid molecules can be used, for example, asg
a probe or primer, The probefprimacy tvpically 15 used as one or more substantially purified
ofigonucieotides. The oligomucleotide typically comprises a region of nucleotide sequence
that hyvbridizes wnder stringent conditions to at feast abowt 7, preferably about 13, more
preferably about 25, 30, 75, 100, 123, 130, 175, 200, 230, 300, 330, or 400 or more
25 consccufive nucleotides of a biomarker nucleic acid sequence. Probes based on the

sequence of a biomarker nucleie acid molecule can be vsed to deteet wransenpts or genomic
sequences corresponding to one or more markers of the present invention. The probe
comprises a label group attached thereto, eg., a radioisotope, a fluorescent compound, an
eHZYINE, OF an enzyme co-factor.
Y A biomarker nucleie acid molecules that differ, due to degeneracy of the genetic
code, from the nacleotide sequence of nucleie acid molecules encoding a protein which

corresponds o the biomarker, and thus encode the same protein, are also contemplated.
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In addition, 1 will be appreciated by those skilled in the art that DNA sequence
polymorphasms that lead to changes in the anuno acid sequence can exist within a
population (g, the hwman population). Such genctic polymorphisms can exist among
mdividuals within a population due to natoral allelic vanation. An allele 18 one of a growp

5 of genes which ocear alternatively at & given genetic focus, In addition, it will be
appreciated that DNA polymorphisms that affect RNA expression levels can also exast that
may affect the overall expression level of that gene (e g, by affecting regulation or
degradation).

The term “allele,” which is used mierchangeably herewn with “allehie variant,” refers

10 1o altermative forms of & gene or portions thereof. Alleles ovcupy the same locas or position
on homologous chromosomes. When a subject has two identical alleles of a gene, the
subject 1s said fo be homozygous for the gene or allele. When a subject has two different
alleles of a gone, the subjeet is said to be heterozyvgous for the gene or aliele, For example,

buvmarker alleles can differ from cach other in a single nucleotide, or several nucleotides,

L

and can include substitutions, deletions, and msertions of muclcotides. An allele of a pene
can also be a form of a gene containing one or More puHations.

The teem “allelic variant of a polymorphic region of gene™ or “allcle variant™, used
interchangeably herein, refers to an alternative form of a gene having one of several
possible nucleotide sequences found in that region of the gene m the population. As used
21 hervein, allelic vartant s meant to enconpass functional allelic variants, non-functional
allchic variaots, SNPs, sutations and polymrorphisms.

The term “single nuclentide polymorphism™ {SNP) refers to a polymorphic site
occupied by a single nucleotide, which is the site of variation between alfelic sequences.
The site 13 ysually preceded by and followed by highly comserved sequences of the allele
35 {eg., sequences that vary i less than 17H00 or 171000 members of a population). A SNP
usually arises due to substitution of one nucleotide for another at the polymorphic site.
SNPs can also arise from a deletion of a nucleotide or an nsertion of a nucleonde refative
to a reference allele. Typically the polvmorpluic site is occupted by a base other than the

reference base. For example. where the reference aliele contains the base *T7 (thynudine)

3 at the polvmorphic site, the altered allele can contamn a “C™ {evtidine), “G7 {(guanine}, or
“AY {adenine) at the polymorphic site. SNP's may cecur in profeip-coding nueleic acid
sequences, in which case they may give rise to a defective or otherwise varant protein, ot

genetic disease. Such a SNP may alter the coding sequence of the gene and thevefore
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specify another amino acid (a “nussense”™ SNP)Y or a SNP may introduce a stop codon (a
“nonsense” SNP). When a SNP does not alter the amino acid sequence of a protein, the
SNP 15 called “silent.™ SNP's may also cccur in noncoding regions of the nucleotide
sequence. This may result in defective protem expression, e.g., as a result of alternative
spicing, or it may have no effect on the function of the protein.

As uzed beretn, the torms “gene” and “recombinant gene™ refer (o nucleie acid
molecules comprising an open reading frame encoding a polypeptide corresponding 1o a
marker of the present invention. Such natural allehe vanations can typieally result in 1-5%
variance in the mucleonide sequence of a given gone. Alternative alleles can be identified by
sequencing the gene of inferest in 3 mamber of different individuals, This can be readily
carried out by using hybnidization probes to wdentify the same genetic locus in a variety of
mdividuals. Any and all sech nucleotide variations and resulting amino acid
polymorphisas or variaticns that are the result of natural alielic variation and that do not
alter the functional activity are mtended to be within the scope of the present mvention,

In another embodiment, a biomarker nucleic acid molecule 1s at least 7, 15, 20, 35,
30, 40, 60, 80, 100, 150, 200, 250, 300, 350, 400, 430, 550, 630, 700, 00, 900, 1000, 1104,
1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2200, 2400, 2600, 2804, 3000,
3504, 4004, 4500, or more nucicotides m length and hyvbridizes under stringent conditions
to & nucleie acid molecule corvesponding to a marker of the present invention or to 8 nuclere
acid molecale encoding a protem corresponding to a marker of the present invention. As
ased berein, the term “hybridizes under stringent condittions™ ts intended to desaribe
conditions for hybridization and washing under which nucleotide sequences at least 60%
{65%, 70%, 7%, BO%, preferably 83%) identical to cach other typically remain hybridized
to cach other. Such stringent conditions are known to those skifled 10 the art and can be
found in sections £.3.1-6.3.6 of Current Projocols in Molecular Biology, John Wiley &
Sons, NY. (1989). A preferred, non-hnnting example of stringent hybridization conditions
are hybridization in 6X sodium chloride/sodium citrate {SSCY at about 45°C, followed by
one or more washes i Q2N SSC, 0.1% SDS at 50-65°C,

in addition to naturally-ocowrring allelic variants of a nucleic acid molecule of the
present inventon that can exist in the population, the skilled artisan will further appreciate
that seguence changes can be introduced by nustation thereby leading to changes in the
anuno acid sequence of the encoded proteis, without aliering the biological activity of the

protein encoded thereby. For example, one can make nucleotide substitutions leading to
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anuno acid substitutions at “non-essential” anino acid residues. A "non-essential” amino
acid residue 1 a residue that can be altered from the wild-type sequence without altering the
hiological activity, whereas an “essential” amine acid residue is required for biological
activity. For example, amino acid residues that are not conserved or only semi~conserved
5 among homologs of varions species may be non-essential for activity and thas would be
likely targets for alteration. Alternatively, amino acid residues that are conserved among
the homologs of various species (e.g., nurine and human) may be essential for activity and
thus would not be hkely targets for alteration.
Accordingly, another aspect of the present mvention pertains to nuclese acd
16 moleaudes encoding 3 polypeptide of the present wvention that contain changes in anuno
acid residues that are not essential for activity. Such polypeptides differ in amino acid
sequence from the naturally-occurring proteins which correspond to the markers of the
preseat invention, vet retain biolegical activity, In one embodumcat, a biomarker profein

has an amino acid sequence that 1s at feast about 40% wdentical, 30%, 60%, 70%, 75%,

L

BO0%, 83%, 83%, 87.5%, 0% 91%, 02%, 03% 94%, 05%, 06%. V7%, 98%., 99% or
identical to the aming acid sequence of & biomarker protein deseribed herein,

An isolated nucleie acid molecule encoding a variant protoin can be created by
infroducing one or more nucleotide substitutions, additions or deletions into the mucleotide
sequence of nucleie acids of the present invention, such that one or more anuno acid residue
2 substitations, additions, or deletions ave mntroduced into the encoded protein. Matahons can
be introduced by standard techniques, such as site-directed nwitagenesis and PCR-mediated
mutagenesis. Preferably, conservative mmino acid substitutions are made at one or more
predicted non-essential anmno acid residues. A “conservative amino acid substitution”™ is
one in which the amino acid residue 1s replaced with an amino aoid residue having a stmtlar
35 side chain, Fanulies of amino acid residues having similar side chains have been defined in
the art. These families include amino acids with basic side chains (eg, lysine, avgimne,
histidine), acidic side chaims {eg., aspartic acid, glutamie acid), wncharged polar side chamnsg
{e.g., glyeine, asparagine, ghtamine, serine, threonine, tyrosing, oysteine}, non-polar side

chains {e g, alanine, valine, leucing, isoleucine, proline, phenvialanine, methionine,

Wy tryplophan), beta-branched side chains {e g, threonine, valing, isoleucing) and aromatic
side chains {e.g., tyrosine, phenvialanine, tryptophan, histidime). Altematively, tmstations
can be introduced randonidy along all or part of the coding sequence, such as by saturation

nustagenesis, and the resoaltant mutants can be sereened for biological activity o identify
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mutants that retan activity, Following mutagenesis, the encoded protein can be expressed
recombinantly and the activity of the protein can be determined.
In some embodiments, the present invention further contemplates the use of anti-
hiomarker antisense nuclele acid molecules, Le, molecules which are complementary to a
5 sense nucleic acid of the present invention, g, complementary to the coding strand of &
double-stranded cDNA moleaude corresponding to & marker of the present invention or
complementary to an mRNA sequence corresponding to a marker of the present invention,
Accordingly, an antisense nucleie acid molecule of the present mvention can hydrogen
bond to (.. anncal with) a sense nacleie acid of the present invention. The antsense
16 myeleie acid can be complementary to an entire coding strand, or to ondy a portion thereof]
v, all or part of the protein coding region {or open reading frame). An antisense nucleie

v...

acid molecale can also be antisense to all or part of a non-coding region of the coding

w2
strand of 3 mueleotide sequence encoding a polypeptide of the present wvention. The non-

\\.F"I

coding regions 8 and 3" untranslated regions™) are the § and 3' sequences which flank the

L

coding region and are not transtated mfo amno acids,

An antisense oligonucleotide can be, for example, about 5, 16, 15, 28, 25, 38, 35,
44, 43, or 50 or more nucleotides i longth. An antisense nucleic acid can be constructed
using chemical synthesis and enzymatic ligation reactions using procedures known i the
art. For example, an antisense nuclere acid {e.g, an antisense oligonucleotide can be
A chenucally synthesized using nanwally occurring mucleotides or variously modified
nucleotides designed to morcase the biokogical stabibity of the moleculdes or to mcrease the
physical stability of the duplex formed between the antisense and sense nuclewe acids, 2.g.,

phosphorothioate derivatives and acridine substinsted mucleotides can be used. Exanmples of
modified mucleotides which can be used to generate the antisense nucleic acid include 3-
25 fluorouracil, S-bromouraci, S~cldorouracil, S-iodourac, bypoxantline, xanthine, 4-
acetyleytosing, S-{carboxyhydroxylmethyl} wraci, S-carboxymethylanunomethyl-2-
tuoeniding, S-carboxymethylaminomethyluracil, dilvvdrovracit, beta-D-galactosylqueosine,
mosine, Né-isopentenyladenine, -methyiguanime, -methylinosine, 2.2-dimethylguanine,
2- methyvladenine, 2-methylauanine, 3-mcthyvicytosing, S-methyleytosing, Né-agdenine, 7-
W methylguanine, S~-methvlammomethyluractl, S-methoxyaminomethyl-2-thiouraci, beta~-D-
mannosylqueosine, S-methoxycarboxymethyluraci, S-methoxyuracil, 2-methylthio-Né-
isopenteny fadenine, wacil-S-oxyacetic goid {v), wybutoxosing, pscudouract, queosine, 2

tiioevtasineg, S-methyi-2-thiouracil, 2-thiouracil, d-thicuracil, Ssmethyvhaacil, yraci-5-

- 59-



WO 2016/057367 PCT/US2015/053933

oxyacetic acid methylester, uraci-5-oxvacetic acd (v}, S-methyl-2-theouract, 3-(3-amino-
3-N-2-carboxypropyl) uracil, acp3yw, and 2 6-diansinopurine. Alternatively, the antisense
myeleic acid can be produced biclogically using an expression vector into which a nucleic
acitd has been sub~cloned in an antisense orientation {Le., RNA transeribed from the

5 mserted mucleic acid will be of an antisense orientaion (o a target nucleic acid of interest,
described further s the following subsection).

The antisense nueleie acid molecules of the present mvention are typically
admimnistered to a subject or generated v siti such that they hybridize with or bind to
celhalar mBRNA audfor genomic DNA encoding a polypeptide corresponding to a selected

10 marker of the prosent invention to thereby inhubit cxpression of the marker, eg, by
inhibiting transcription andf/or translation. The hybridization can be by conventional
nocleotide complementarity to form a stable duplex, or, for example, in the case of an
antisense muclete acid molecule which binds to BNA duplexes, through specific interactions

in the major groove of the douhle belix. Examples of a route of adounistration of antisense

L

nucleie ackd molecules of the present invention includes divect injection at a tissue sile or
nfasion of the antisense mecleic acid indo a blood- or bone marrow-associated body flaid,
Alternatively, antisense nucleie acid molecules can be modified to target selected cells and
then admimstered systemically. For example, for systemic administration, antisense
mofecules can be modified such that they specifically bind to receptors or antigens

A expressed on a selected cell sarface, eg, by linking the antisense nucleic acid molecules to
peptides or antibodics which bind to cell strface receptors or antigens, The antiscnse
nuckeic acid molecules can also be delivered to cells using the vectors desenbed herein. To
achieve sufficient mtracellular concentrations of the antsense molecules, vector construciy
m which the antisense nucleic acid moleaude is placed under the control of a strong pel L or
25 pol {1l promoter are preferved.

An antisense nucleie acid molecule of the present fnvention can be an g-anomeric
nocletc acid molecele. Ap g-anomeric nucleie acid molecale fornm specific double~
stranded hybrids with complementary RNA i which, contrary to the usual e, the
strands run paralie! to cach other (Gaultier er af., 1987, Nucleic Acids Res. 15:6625-6641).

Wb The antisense nucleie ackd molecule can also comprise a 2-o-methyviribonuacleotide (Inoue
ef ., VORT, Nucleic deidy Res. 15:6131-6148) or a chimerie RNA-DNA analoguce (Inouc &

al., Y987, FEBY Let. 215:327-3303
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The present invention also encompagsses rthozymes. Ribozymes ave catalytic RNA
molecudes with ribonuclease activity which are capable of cleaving a single-stranded
mucleic acid, such as an mRNA| to which they have a complementary region. Thus,
ribozymes (e.g., hammerhead ribozymes as desersbed in Hascthotf and Gerlach, 1988,
Noture 334:585-381) can be ased to catalytically cleave mRNA transeripts to thereby
prbubit translation of the protein encoded by the mRNA, A nbozyme having specificity for
a nucleic acid molecule encoding a polypeptide corresponding to a marker of the prosent
nvention can be designed based upon the nucleotide sequence of a ¢cDNA corresponding to
the marker. For example, & dertvative of a Terrabvmena L-19 TVS RNA can be construgted
i which the nacleotide sequence of the active site is complementary to the nucleonide
sequence to be cleaved (see Cech ez . ULS. Patent No. 4,987 071 and Cech e ol TS,
Patent No. 5,116,742). Alternatively, an mRNA encoding a polypeptide of the present
mvention can be used to select 3 catalytic ENA having a specific ribonuclease activity from
a pool of RNA molecules (see, ¢.g, Bartel and Szostak, 1993, Science 261:1411-141%),

The present mvention also encompasses nueleic acid molecules which form triple
helical stractares. For examgle, oxpression of a blomarker protein can be inhibited by
targeting nucleotide scquences complementary to the regulatory region of the gene
encading the polypeptide {e.g.. the promoter and/or enbancer) to fonm triple helical
structures that prevent transeription of the gene m target cells. See generally Helene (1991)
Amticancer Deug Des. 6(6):.569-84; Helene (1992) dna. NY. dead. Sci. 660:27-36; and
Maher (19923 Bloassayy V{123 807-15,

In various embodiments, the noctere acid mofecnles of the present invention can be
modified at the base motety, sugar moicty or phosphate backbone to improve, eg, the
stabitity, hybridization, or solubility of the molecale, For example, the deoxyribose
phosphate backbone of the nacleic acid molecules can be meodified to generate peptide
nucteie acid molecules (see Hyroup e al, 1996, Rivorganic & Medicinal Chemizay #(1): S-
23y As used berein, the terms “peptide nacleic acids™ or “PNAS” refer to nuclere acid
nuinics, €.g., DNA nunucs, i which the deoxyribose phosphate backbone is replaced by a
pseudopeptide backbone and only the four natural nucleobases are retained. The noutral
backbone of PNAs has been shown 1o allow for specific hybnidization to DNA and RNA
under conditions of low ionic strength. The synthesis of PNA oligomers can be performed
ustng standdard solid phase peptide synthesis protocols as deseribed m Hyrup of ol (1996},

supra;, Perry-Q R eefe e af. (19963 Proe, Nodl, dead. Sci. US4 93:14670-675.
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PNAs can be used i therapeutic and diagnostie applications. For example, PNAg
can be used as antisense or antigene agents for segquence-specific modulation of gene
expression by, e.g., induycmy transcription or ranslation arrest or ahibiting replication.
PNAs can also be used, e g, in the analysis of single base pasr mutations in a gene by, e g,
PNA directed PCR clamping: as artficial restriction enzymes when used in combination
with other enzymes, e.g., S1 nucleases (Hyrup {1996), supra; or as probes or primers for

DINA sequence and bybridization (Hyrup, 1996, supra; Perry-O'Keete ef al, 1996, Proc.

Natl Acad. Sei. US4 93:14670~-675),

In another ombodiment, PNAs can be modified, eg., to enhance their stabilivy or
cellular aptake, by attaching hipophubic or other helper groups o PNA, by the formation of
PNA-DNA clhumeras, or by the use of liposomes or other technigues of drug debivery
known i the art. For example, PNA-DNA chimeras can be generated which can combine
the advantageous propertics of PNA and DNAL Such chimeras allow DNA recogmition
enzymes, e.g., RNASE H and DNA polymicrases, to fnteract with the DNA portion while
the PNA portion would provide high binding affimity and specificity. PNA-DNA chimeras
can be inked using Hnkers of appropriate lengths sclected in terms of base stacking,
munber of bonds between the aucleobases, and orientation (Hyrup, 1996, supra). The
synthesis of PNA-DNA chimeras can be performed as described in Hyrup (1996}, supra,
and Finn e ol (1996) Nucleic deidy Res. 24(1733357-63. For example, a DNA chain can
he synthesized on a solid support using standard phosphoramidite coupling chenustry and
mwxdified nacicoside analogs. Compownds sach as F'-{d-mcthoxyteityDasune-3-deoxy-
thymidine phosphovanudite can be used as a Hok between the PNA and the § end of DNA
{Mag et al, 1989, Nucleie dcids Res. 17:5973-88). PNA monomers are then coupled in a
step-wise mamer {o produce a clumeric molecule with a §' PNA scgment and 3 3 DNA
segment (Finn of ol, 1996, Nucleie dofds Res. 24(1733357-63). Alternatively, chimerie
molecules can be synthesized with a 5" DNA segment and a 3’ PNA segment (Peterser &
al, 1975, Rivorganic Med. Chem. Lext. 5:1119-11124)

in ather embodinents, the oligonuclectide can mchade other appendest groups such
as peptides {e.g., for targeting host cell receptors f vive), or agents facthitating transport
across the cell membrane {sce, ez, Letsinger er gl 1989, Proc. Narl, Acad Soi US4
RE:6533-6556; Lemaitre er af, 1987, Proc. Nad. dcad. Sci, US4 84:648-652; PCT
Publcation No. WO 88/09810) or the blood-brain barrier {see, eg., PUT Publication No.

WO 810134). In addition, oligonucleotides can be modified with hybridization-triggered
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cleavage agents (see, eg., Krol et al, 1988, Bio/Techrigues 5:938-976} or intercalating
agents {see, eg, Zon, TOSR, Pharm. Res. 5:339-349). To thus end, the oligonucieotide can
be conjugated to another moleculde, e.g., a peptide, hybridization triggered cross-linking

agent, transport agent, hybridization-triggered cleavage agent, efc.

5 Another aspect of the present invention pertains to the use of biomarker proteins and
bivdogivally active portions therenf. In one embodiment, the native polypeptide
coresponging to a marker can be isolated from cells or tissue sources by an appropriate
purification scheme using standard protein purification techniques. In another embodiment,
palypeptides corresponding to a marker of the present invention are produced by

10 recombinant DNA fechnigues, Alternative (o recombinant expression, a polypeptide

corresponding o a marker of the present invention can be synthesized chemically using

standard peptide synthesis techniques.
An “isolated™ or “marified” protein or biologically active portion thereof is

substantially free of collular muaterial or other contaminating proteins fron the cell or tissue

L

source from which the protein 1s derived, or substantially free of chenuical precursors or
other chemicals when chemically synthesized. The language “substantially free of cellular
material” inclades proparations of protein in which the protein is separated from celludar
components of the cells from which 1t is 1solated or recombinantly produced. Thus, protein
that is substantially free of cellular matenial inchudes preparations of protein having less
21 than about 30%, 20%, 10%, or 5% (bv dry weight} of heterologous protemn (also referred to
herebr as a “contasunating protemn™). When the protein or biologically active portion
thereof s recombinantly produced, it is also preferably substantially free of culture
mediam, fe, culture mediwm represents less than about 20%, 10%, or 5% of the volume of
the protein preparation. When the protein i produced by chenucal synthesis, i1
25 proferably substantially free of chemical precursors or other chenscals, f.e., 1f 15 separated
from chemical precursors or other chenucals which are involved in the synthesis of the
protein. Accordingly such preparations of the protein have less than abouat 30%, 20%, 1095,
§% (by dry weight} of chemical precursors or compounds other than the polypeptide of
mterest,
Y Binlogically active portions of a biomarker polypeptide inchude polvpeptides
comprising amino actd sequences sufficiently identical to or derived from a biomarker
profein anuno ackl sequence described herein, but which includes fower aminoe acids than

the full length protein, and exhubit at least one activity of the corresponding full-length
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protein. Typically, biologcally active portions comprise a domain or motf with at feast
oue activity of the corresponding protein. A biologically active portion of a protein of the
presemt invention can be a polypeptide which is, for example, 14, 25, 56, 160 or more
amino acids i length. Moreover, other biologically active portions, m which other regions
5 of the protein are deleted, can be prepared by recombinant techniques and evatuated for one
or ragwe of the funchional activities of the native form of 3 pelypeptide of the present
mvention,
Preferred polypeptides have an amino acid sequence of a biomarker protemn encoded
by a mucleke acid moleade described herein. Other useful proteins are substantially
10 dentical {eg., at least about 40%,, preferably SU%, 60%%, T0%, 75%, 8006, 83%,, R3%, 885,
90%, 1%, 9255, 3%, Bd%%, 958%, 96%, 97%, 98%, or 99%) 10 one of these sequences and
retain the functional activity of the protein of the corresponding nataraliv-occurring protein
vet differ in anine acid sequence due to nataral allelic variation or mutagenesis.

To deternune the percent wentity of two anuno acid sequences or of two nucleie

L

acids, the sequences are abigned for optimal comparison purposes {e.g., gaps can be

miroduced in the sequence of a first amine acid or nucleic acid sequence for optimal

aligament with a sceond amine or mucleic acid sequence). The amine acid residues or
nucleotides at corresponding amine acid positions or nucleotide positions are then
compared. When a position 1o the first sequence is occupied by the same amino acid

21 residue or nacleotide as the correspondmyg position i the second sequence, then the

mofecoles are wdentical at that position. The porecat identity between the bvo sequences s

a function of the number of identical positions shared by the sequences (e, % identity = #

of identical positionsftotal # of positions {e.g., overlapping positions) x10H). In one

cmbodiment the two sequences are the sanwe length,

25 The determmnation of percent identity between fwo sequences can be accomplished
using a mathermatical algorithm. A preferred, non-thmiting example of & mathenatical
algorithm wtilized for the comparison of two sequences 1s the algorithm of Karlin and
Altschul (1990 Proc. Nadl, dead. Sci, UNA 87:2264-2268, modified as in Karlin and
Altschul (1993) Proc. Nad. dcad. Sci. US4 90 8873-5877. Such an algorithm is

3 ncorporated mto the NBLAST and XBLAST programs of Altschud, er ol {1990).1 Mol

Bied, 215:403-414. BLAST pucleotide scarches can be performed with the NBLAST

program, soore = 100, wordlength = 12 1o obtam mucleotide sequences homelogous to a

nucleic acid molecules of the present invention. BLAST protein searches can be porformed

w64 -



WO 2016/057367 PCT/US2015/053933

it

L

21

[l
N

with the XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences
homologous o a protein molecules of the present ivention. To obtain gapped alignments
for comparison purposes, Gapped BLAST can be utthzed as deseribed in Alischual ef ol
{1997 Nucleio deids Res. 25:3389-3402. Alternatively, PSI-Blast can be used to perform
an ftevated search which detects distant refationships between moleceles. When anilizing
BLAST, Gapped BLAST, and PSE-Blast progrars, the defaslt parameters of the respective
programs {e.g., XBLAST and NBLAST) can be used. Sec hitpr/fwww nehit nlnunth gov.
Another preferred, non-hiniting example of a mathematical algorithm vtitized for the
companson of sequences is the algorithm of Myers and Miller, (1988) Conprr Appd Bioscd,
4:11-7. Sach an algorithm is meorporated into the ALIGN program (version 2.0} which ig
part of the GCG sequence alignment software package. When utilizing the ALIGN
program for comparing amino acid sequences, a PAMI20 weight residoe table, a gap tength
penalty of 12, and a gap penalty of 4 can be used, Yot another uscful algonithm for
wlentifying regions of local sequence sinilarity and alignruent 1s the FASTA algorithm as
described in Pearson and Lipman (1988 Proc. Natl. dead. Sei US4 85:2444-2448. When
using the FASTA algorithm for comparing nucleotide or amino acid sequences, a PAMI20
weight residue table can, for example, be ssed with a f-tuple value of 2.

The percent identity between two sequences ean be determined using techniques
strailar to those described above, with or without allowing gaps. In caleulating percent
idennity, only exact matches are counted.

The present invention abso provides chimeric or fusion proteins corresponding to a
biomarker protein. As used herein, a “clumeric protein”™ or “fusion protein” comprises all
ov part {preferably a biologically active party of a polypeptide corresponding to a marker of
the present vention operably Hiked 1o a heterologous polypeptide (e, a polypeptide
other than the polypeptide corresponding o the marker). Within the fusion protein, the
term “operably imked” is intended to indicate that the polypeptide of the present invention
and the heterologous polvpeptide are fused in-frame to cach other. The heterologous
polvpeptide can be fused to the amino-fernunus or the carboxyl-ternunus of the polypeptide
of the prosent fvention.

One useful fusion protein is a GST fusion proten in which a polypeptide
corresponding o a marker of the present invention is fused to the carboxy! termanus of GST
sequences. Such fusion profeins can factiitate the punification of a recombmant polypeptide

of the present mvention.
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In another embodiment, the fusion protein contains a heterologous signal sequence,
inmmunogiobulin fusion protemn, oxin, or other useful protein sequence. Chimeric and
fusion proteins of the present invention can be produced by standard recombinant DNA
techniques. In another embodiment, the fusion gene can be syathesized by conventional

5 wchmgues including sutonated DNA synthesizers. Aliernatively, PCR amplification of
gene fragments can be carried out using anchor primers which give rise to complementary
overhangs between two consceutive gene fragments which can subsequently be annealed

and re-amplified to generate a chimeric gene sequence {see, e.g., Ausubel ef al, rupra).

Morcover, many expression vectors are commercially available that already encade a fusion
16 motety (eg, 2 GST polvpeptide), A nucleic actd encoding a polypeptide of the present
mvention can be cloned mfo such an expression vector such that the fusion moiety 1s linked
w-frame o the polypeptide of the present invention.

A signal sequence can be used fo facilitate seeretion and isolation of the seeoreted

protemn or other protemns of interest. Signal sequences are typically characterized by a core

L

of hvdrophobic amino acids which are ge

Loy

nerally cleaved from the mature protein during
seeretion in one of move cleavage events. Such signal peptides contain processing sites that
allow cleavage of the signal sequence from the mature profeins as they pass through the
secretory pathway. Thas, the present invention pertains to the desenibed polypeptides
having a sigmal sequence, as well as to polypeptides from which the signal sequence has
21 been proteobvtically cleaved (i.e | the cleavage prodacts). In one embodiment, a mucleic
acid sequence encoding a signal sequence can be operably loked i an expression veokr o
a protein of interest, such as a protemy which is ordinarity ot secreted or s otherwise
difficalt to isolate. The signal sequence divects secretion of the protein, such as from a
cukaryotic host into which the expression vector ts ransformed, and the stgnal sequence s
25 subsequently or concurrently cleaved. The protein can then be readily purified from the
extracetlular medivm by ant recogmized methods. Alternatively, the signal sequence can be
linked to the protem of interest using a sequence which facilitates purification, sach as with
a GST domain.
The present invention alse pertaing to variants of the biomarker polypoptides
30 deseribed heremn. Such variants have an altered anuno acid sequence which can function as
cither agonisis (nimeties) or as antagonists. Variants can be gencrated by muotagenesis,
ey, discrete point nufation or trumeation. An agonist can refain substantially the same, or

~

i subset, of the biological setvities of the natwally occurring form of the protem. An
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antagomist of a protein can mhibit one or more of the activities of the naturally ccearring
form of the protein by, for example, competitively binding to a downstream or upstrean:
member of a cellelar signaling cascade which inclades the protein of mterest. Thus,
specific biological effects can be eherted by treatment with a vartant of hnuted function.
5 Treatment of a subject with a variant having a subset of the biological activiges of the
nataralty ocourring form of the profein can have fewer side effects m a subjeet relative to
treanment with the natrally occurring form of the proten,
Variants of a biomarker protein which function as esther agonists (mimetios) or as
antagomsts can be idontfiod by sereentng combinatorial hbravies of mutants, ez,
10 wruncation mugants, of the protein of the present tnvention for agoniyt or antagonmist activity.
In one embodiment, a variegated library of varsants is generated by combinatorial
nstagenesis at the mucleie acid level and s encoded by a variegated gene library. A
variegated ftbrary of varamts can be produced by, for exarple, enzymatically higating a

mixtwre of synthetic oligonuclcotides into gone sequences such that a degenerate set of

L

potential protein sequences is expressible as mdividual polypeptides, or alematively, as a
set of larger fusion proteins (e.g., for phage display). There are a variety of methods which
can be used to produce Hbraries of potential variants of the polypeptides of the prosent
imvention from a degenerate oligonucheotide sequence. Methods for synthesizing
degenerate oligonucleotides are known in the art (see, eg., Navang, 1983, Terrahedron
2y 3903 hiakara er af, 1984 dnaw Rev, Biochem. $3:323; Iakura e ol 1984, Scignce
1981036, Ike er af, 1983 Nucleic doid Res. 114773

In addition, libraries of fragments of the coding sequence of a polvpeptide
corresponding to a marker of the present invention can be used to generate a variegated
population of polypeptides for screcning and subsequent selection of variants, For

25 coxample, a Bbrary of coding sequence fragments can be generated by treating a double

stranded POR fragment of the coding sequence of interest with a nuclease under conditions
wherein nicking occurs only about once per molecule, denatwring the double stranded
DNA, renaturing the DNA to form double stranded DNA which can include sense/antisense
pairs from different nicked products, removing single stranded portions from reformed

Wy duplexes by treatment with ST noclease, and ligating the resultng fragment library into an
expression vector. By this method, an expression Library can be derived which encodes

amino terminal and mternal fragments of various sizes of the protein of wterest,

- &7 -
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Several technigues are known m the art for screening gene products of
conthinatorial libraries made by point nustations or truncation, and for sereeming ¢DNA
librarics for gene products having a selected property. The most widely used technigues,
which are amenable o high throughpuot analysis, for screening large gene hbraries typically

5 iclude cloning the gene library into rephicable expression vectors, transforming appropriate
cells with the resulting library of vectors, and expressing the combinatorial genes under
condittons m which detection of a desired activity facilitates solation of the vector
encoding the gene whose product was detected. Recursive ensemble mutagenesis {REM), a
technique which enhances the frequency of functonal mutants in the librancs, can be used

10 combination with the screening assays to identify vartants of g protemn of the present

mvention {Arkin and Yourvan, 1992, Proe. Natl Acad. Sei. US4 89.7811-7815; Delgrave

et al., 1993, Pragein Fagineering 6(33:327- 331)

The production and use of biomarker mueleie acid and/or biomarker podypeptide

modecules described heremn can be facihitated by using standard recombinant techniques. In

L

some embodiments, such techniques use vectors, preferably expression vectors, containing
a nueleic acid encoding a biomarker polypeptide or a portion of such a polypeptide. As
used herein, the term “vector” refers {o a nucleie acid molecule capable of transporting
another nucleic acid to which it has been linked. One type of vector is a “plasmid”, which
refers to a cirenlar double stranded DNA Toop into which additonal DNA segments can be
21 hgated. Another type of vector s a viral vector, wherein additional DNA segments can be
higated o the viral genome, Cortain vectors are capable of autonoroous replication i a
fhost cell into winch they are mtroduced (e g, bacterial vectors having a bactenial ongin of
rephcation and episonal mammalian vectors), Other vectors {e.g., non-episonal
mamabian veetors) are integrated into the genome of a host celf ypon introduction into the
25 host cell, and thereby are replicated along with the host genome. Morcover, certain vectors,
namely expression vectors, are capable of directing the expression of genes to which they
ave operably hnked. In general, expression vectors of utility m recombinant DNA
technigues are ofter i the form of plasnuds {vectors). However, the present imvention is
piended to mehude such other tormos of cxpression vectors, such as viral vectors {eg.,
W replication defective retroviruses, adenoviruses and adeno~-associated viruses), which serve
cquivalont functions.
The recombinant expression vectors of the present mvendion comprise a nuclee acid

of the present invention in a form suitable for expression of the nucleic acid in a host cell.
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This means that the recombinant expression vectors nclude one or more regalatory
sequences, selected on the basis of the host cells o be ased for expression, which is
operably linked to the nucleic acid sequence 1o be expressed. Within a recombinant
expression vector, “operably hnked” is mtended to mean that the nucleotide sequence of

5 baterest is linked to the regulatory sequence(s) in & manner which allows for expression of

the nucleotide sequence {e.g., in an ip viro ranscrption/ranslation system or in a host ceft
when the vector is introduced nto the host cell). The term “regulatory sequence™ is
ntended to inclade promoters, enhancers and other expression control clements {e.g.,
palyadenyviation signals). Such regadatory soquences are described, for example, in

10 Goeddel, Methods in Engymelogy: Gene Expression Technology vol 185, Academe Press,
San Diego, CA {1991}, Regulatory sequences include those which dirvect constitutive
expression of a nucleotide sequence 1n many types of host cefl and those which direct
expression of the nucleotide sorpuence only in cortain host colls {e.g., tissee-specific

regulatory sequences). 1t will be appreciated by those skilled i the art that the design of

L

the expression vector can depend on such factors as the choiee of the host eell to be

transformed, the lovel of exprossion of protein desired, and the ke, The expression vectors

of the present invention can be introdeced into host cells to thereby produee proteins or
peptides, including fusion proteins or peptides, encoded by nucleie acids as deseribed
herein.

24 The recombinant expression vectors for use in the present invention can be designed
for expression of a polvpeptide correspomding to a marker of the present invention in
prokarvotic {e.g., B colfy or enkarvotic cells (e, nsect cells {using baculovires
expression vectors}, veast cells or mammalian cells). Soitable host cells ave discussed
further i Goeddel, sepra. Allematively, the recombinant expression vector can be

25 wanscribed and translated jo virro, for example using T7 promoter regulatory sequences and

T7 polymerase.

Expression of proteins in prokaryotes is most often cavried out in £ coli with
veetors condaining constitutive or inducible prowoters dirccting the expression of cither
fusion or non-fusion proteins. Fusion vegtors add a munber of amino acids to a profem
W encoded therein, usually to the amino terminus of the recombinant protein. Such fusion
vectors typically sevve three parposes: 1} to increase exprossion of recombinant profein; 2)
to mcrease the sohubility of the recombinant protein; and 33 to aid in the purification of the

recombinant protein by acting as a Higand in affinity purificavon. Often, in fusion
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expression vectors, a proteolytic cleavage site 1s introduced at the pumction of the fusion
motety and the recombinant protein fo enable separation of the recombinant protein from
the fusion moicty subsequent to putfication of the fuston protem. Such cnzvines, and their
cognate recopnition sequences, include Factor Xa, thrombin and enterokinase. Typical
fusion expression vectors inclade pGEX (Pharmacia Biotech Ine; Smith and Johuson, 1988,
Crene 67.31-4H0, pMAL (New England Biolabs, Beverly, MAY and pRITS (Pharmacia,
Piscataway, NIy which fuse glutathione S-transforase {GST), maltose E binding protein, or
protein A, respectively, to the target recombinant protein.

Exmmples of saitable mduoible non-fusion £ eoff expresston vectors include pTie
{Amann er ol , 1988, Gene 69:301-315) and pET Hd (Studter ¢ ol | p. 60-88_ In Gene
Expression Technology: Methods in Enzpmology vol 183, Academic Press, San Diego, CA,
1991, Target biomarker nucleic acid expression from the pTre vector relies on host RNA
polymerase transcription from a hybnd fp-lac tusion promoter. Target biomarker mucleie
acid expression from the pET 1id vector relies on transcription from a T7 gnlf-lac fusion
promoter mediated by a co~oxpressed viral RNA polymerase (T7 gnl). This viral
polymerase 1s supplicd by host strains BL21 (DE3} or HMS174DEY) from a resident
prophage harboring a T7 gnl gene ender the transceriptional control of the lacliV S
prosmoier.

One strategy to maxinuze recombinant protein expression in £ colf is to expross the
protein in a host hacteriam with an impaired capacity 1o prowolyvtically cleave the
recombrinand protein (Gottesman, p. 1I9-128, In Gene Expression Technology: Methods in
Enzymology vol. 185, Acadenue Press, San Diego, CA, 1990, Another strategy s to alter
the nucleic acid sequence of the nucleic acid to be mserted info an expression vector so that
the individual codons for each amine acid are those preferentially otilized 1n £ cofi (Wada
el ai., 1992, Nucleic deids Res. 20:2111-2118). Such alteration of nucleie acid sequences
of the present wvention can be carvied oot by standard DNA synthesis techniques.

In another embodiment, the expression vector 18 a veast expression vector,
Examples of vectors for exprossion wm veast S, cerevisiae include pYepSecl {(Baldan ef al,
1987, FMAO J. 6:229-234), pMFa (Kurjan and Herskowitz, 1982, Cell 30:933-943),
pIRYES {Schultz er al, 1987, Gene 54:113-123), pYES2 (ovitrogen Corporation, San
Diego, €A}, and pPicd (Invitrogen Corp, San Diego, CA).

Alternatively, the expression vector is a baculovirus expression veotor. Baculovirus

vectors available for expression of proteins in cultured insect cells (e.g., 519 cells) include
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the pAc series (Smith ¢f al | 1983, Mol Cell Biol. 3:2156-2165) and the pVL series
{Lacklow and Senumers, 1989, Firology 170:31-39).

In yet another ermbodiment, a nucleie acid of the present invention s expressed in
mammalian cells using a manumalian expression vector. Examples of mammalian
expression vectors include pUDMS (Seed, 1987, Nevure 3298400 and pMT2PC (Kaufman
ef ol PORT AMBO J 6 187-195), When used in mammalian cells, the expression vector's
control functions are ofien provided by viral regulatory clements. For example, commonly
used promoters are derived from polyoma, Adenovires 2, evtomegalovivus and Sinuan
Virus 40, For other sutable expression svstems for both prokarvotic and eukarvotic cells
see chapiers 16 and 17 of Sambrook ef &, supra.

in another embodiment, the recombinant mammalian expression vector is capable of
divecting expression of the nuclere acid preferentially in 8 particular cell type {e g, tissue-
specifie regudatory clewwnts are used o express the nucleic aad). Tissue-speeific
regulatory elements are known in the art. Non-linuting examples of suttable tissuc-specific
promoters include the altbumin promaoter (hiver-specific; Pinkert e al, 1987, Geney Dev
1:268-277), bvmphoid-specific promoters (Calame and Eaton, 1988, Adv. Inmunel 43:235-
273), in pacticular promoters of T coll receptors (Wineto and Baltimore, 1989, EMBO J
R:729-733) and immunoglobulins (Banerjt ef ad, 1983, Ceff 33.729-740; Queen and
Baltimore, 1983, Cell 33:741-748), newron-~-specific promoters {e.g., the neurofilament
promoter; Byme and Ruddle, 1989, Proc. Nadd, dead. Sei. US4 86:53473-5477 4, pancreas-
specific promoters (BEdhund ef ol 1985, Science 230:912-916), and mamumary gland-
specific promoters (e.g., milk whey promoter; ULS. Patent No. 4,873,316 and European
Application Pubhication No. 264,166}, Developmentally-regulated promoters are also
cncompassed, for example the murine hox promoters (Kessel and Gruss, 1994, Science
249:374.379) and the a-fetoprotein promoter {Camper and Tilghman, 1989, Genes Doy
3:537-546).

The present mvention further provides a recombinant expression vector comprising
a PNA moleculs cloned into the expression vector in an antisense orfentation. That is, the
DINA molecule is operably linked 10 a regulatory sequence in a maaner which allows fiu
cxpression (by transcription of the DNA molecule) of an RNA molecule which is antisense
for the mRNA oncoding a podypeptide of the prosent invention.  Regulatory sequences
operably linked to a nucleic acid cloned in the antisense orientation can be chosen which

dircet the continuous expression of the antisense BENA molecule in a varicty of cell types,

t
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for mstance viral promoters andfor enhancers, or regudatory sequences can be chosen which
direct constitutive, tissae-specific or celf type specific expression of antisense RNA. The
antisense expression vector can be in the form of a recombimant plaseud, phagemid, or
attenuated virus i which antisense nuclete acids are produced under the control of a high
3 efficiency regudatory region, the activity of which can be determined by the cell type into
which the veotor 1s introduced. For a discussion of the regulation of gene expression using
antisense genes (sce Wemtraub ef af | 1986, Trends in Generics, Vol 11,
Another aspect of the present ivvention pertains to host cells o which a
recombinant expression vector of the present nvention has been ttroduced. The terms
10 “host cell” and “recombinant host cell” are used buerchangeably herein. It s wnderstond
that such terms refer not only to the particular subject cell but o the progeny or potential
progeny of such a cell. Because certan modifications may occur in succeeding generations
duc to cither smeation or envirommental influences, such progeny may not, m fact, be

wlentical to the parent cell, but are still included within the scope of the term as used herein,

L

A host cell can be any prokarvotic (e g, £. col) ov cukarvotic cell (e.g., nsect cells,
yeast or manunalian cells)

Veotor DNA can be infroduced info prokaryotic or eukarvotic cells via conventional
ransformation or transfection techniques. As used herein, the terms “transformation™ and
“ransfection” are intended o refer to a variety of art-recognized technigues for introducing
A foreign mucleie acid mto a host eel, including calciom phosphate or caleium chloride co-
precipitation, DEAE-dextran-mediated transfoction, lipofection, or clectroporation.
Swuitable methods for transforming or transfecting host cells can be found in Sambrook, ef
al. (suprad, and other faboratory manaals,

For stable transfection of mammalian cells, it 1s known that, depending wpon the
25 cxpression vector and transfection technique used, only a small fraction of cells may

ntegrate the foreign DNA mto their genome. In order to identify and sefect these
integrants, a gene that encodes a selectable marker (e.g., for resistance to antibioties} is
gengrally introduced into the host colls along with the gene of interest. Prefirred sclectable
markers include those which confer resistance to drugs, such as G418, hygromycin and
W methotrexate. Cells stably transfected with the introduced nucleie acid can be identified by
drug sclection {e.g., cells that have incorporated the selcctable marker gene will survive,

while the other cells die).

o
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V. Analvzine Biomarker Nucleie Acids and Polvpentides

Bromarker nucleic acids and/or biomarker polypeptides can be analyzed according
to the methods deseribed herein and technigues known to the skilled artisan to dentify such
genetic or expression alterations useful for the present invention including, but not himted
to, 1) an alteration n the level of a biomarker transeript or polypepuide, 2} a deletion or
addition of one or more nueleotides from a biomarker gene, 43 a substitation of one or more
aucleotides of a biomarker gene, 5) sberrant modification of a biomarker gene, such as an
expression regulatory region, and the like.

a. Methods for Daection of Copy Number

Methods of evatuating the copy number of a biomarker nucleic acid are well known
to those of skill 1o the art. The presence or absence of chromosomal gain or loss can be
evaluated simply by a determination of copy number of the regions or markers identified
herem.

in ome embodument, g biological sample is fested for the presence of copy number
changes m genonyc loct contaming the genomic marker. A copy number of at least 3, 4, 3,
6,7, 8,9, or 1{is predictive of poorer outcome of anti-immune checkpoint treatment.

Methods of evaluatmy the copy mumber of a biomarker focus inchide, but are not
Limuted to, hybridization-based assays. Hybridization-based assays include, but are not
himted to, waditional “direct probe”™ methods, such as Southern blots, f» sime hybridization
{eg, FISH and FISH plus SKY'} methods, and “comparative probe” methods, such ag
comparative genopuc hybridization (CGHY, ez, cDNA-based or oligonucleotide-based
CGH. The methods can be used in o wide variety of formats including, but not imited to,
substrate {e.g. membrane or glass) bound methods or arvay-based approaches.

In one embodiment, evaluating the biomarker gene copy number in a sample
involves a Southern Blot. In a Southem Blot, the genomic DNA (typically fragmented and
separated on an electrophoretic gel) s hybridized to a probe specific for the target region.
Comparison of the itensity of the hybridization signal from the probe for the target region
with contral probe signal from analysis of normal genomic DNA (e.g, a non-amplified
portion of the same or related cell, tissue, organ, efe} provides an estimate of the relative
capy number of the target nucleic acid. Alternatively, a Novthers blot may be wtibized for
evalaating the copv munber of encoding nucleic acid in a sample. In a Northern blot,
mRNA is hyvbridized to g probe specific for the target region. Clonparison of the intonsity

of the hybridization signal from the probe for the tavget region with control probe signal
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from analysis of normal RNA (g, a non-amplified portion of the same or related cell,
tissue, organ, ¢fe) provides an estimate of the relative copy number of the target nucleic
acid. Alternatively, other methods well known in the art to detect RNA can be ased, such
that higher or lower expression relative to an appropriate control {e.g., & non-amplified
5 portion of the same or refated celf tissue, organ, ete.) provides an estimate of the refative
copy mumber of the target nuclete acid.
An glternative means for determining genomic copy pumber 1s i xity hybridization
{e.g., Angerer (1987} Meth. Enzymol 152 649). Generally, & sine hybridization comprises
the following stops: (1} fixation of tissue or biologieal structure 1o be analyzed; {23
160 prehybridization treatment of the biological structure o Increase accesathility of target
DNA, and to reduce nonspecific binding; {3) hybridization of the nuxture of nucleic acids
to the nucleie acid in the biological structure or tissue; (4) post-hybridization washes to
remove mueleie acid fragments not bound m the hybridization and {8} detection of the

hybridized nucleic actd fragments. The reagent used 1o cach of these steps and the

L

conditions for use vary depending on the particular apphication. In a typical in sirg
hvbridization assay, colls are fixed to a solid support, typically a glass shide. Ifa nucleie
acid is to be probed, the cells are typically denatwed with heat or alkali. The cells are then
contacied with a hybridization solution at a moderate tomperature to permit annealing of
labeled probes specific to the nucleic acid sequence encoding the protein. The targets {e.g.
A cells) are then typically washed at a predetermined stringency or at an increasing stringency
gotil an appropriate signal to noise ratio s obtained. The probes are typreaily labeled, eg.,
with radioisotopes or fluorescent reporters. I one embodiment, probes are sufficiently
{ong so as to specifically hvbridize with the target nucleic acid(s) vnder stringent
condittons. Probes generally range in fength from sbout 2041 bases o about 106 bases, In
35 some applications it is necessary to block the bybridization capacity of repetitive sequences.

Thuss, in some embodiments, (RNA, human genomic DNA, or Cot-1 DNA 15 nsed to block

non-specific hvhridization.

An alteraative mocans for deterauning gonomic copy sumber is comparative

genommic hvbridization. o general, genomic DNA is isolated from normal reference cells,
W as wiell as from test cells {e.p, mmor cells) and amplified, i necessary. The two nucleic
actds are differentially labeled and then hybridized & i to metaphase chromosomes of a
reference cell. The repetitive sequences in hoth the reforence and test DNAs are cither

removed or their hybridization capacity is reduced by some means, for example by

L
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prehyvbridization with appropriate blocking nuclewe acids andfor mclading such blocking
mcleic acud sequences for said repetitive sequences during said hybridizaton. The hound,
fabeled DNA scquences ave then rendered in a visualizable form, if necessary,
Chromosomal regions in the test cells which are at increased or decreased copy number can
he identified by detecting regions where the ratio of signal from the two DNAs is altered.
For exaraple, those regions that have decreased w copy number in the test celis will show
refatively lower signai trom the test DNA than the reference conpared to other regions of
the penome. Regions that bave been inereased m copy number i the test cells will show
velatively lugher signal from the test DNA. Where there are chromosomal deletions or
multiplications, differences i the ratio of the sigaals from the two labels will be detected
and the ratio will provide a measure of the copy mumber. In another embodiment of CGH,
avray COH UGH), the immobilized chromosome element is replaced with a collection of
sodid support bound target necleie acids on an areay, allowing for 3 large ov complete
percentage of the genome to be represented i the collection of sohid support bound targets.
Target nueleic acids may comprise cDNAs, genomic DNAs, oligonucleotides (e.g to
detect single mucleotide polymorphisms) and the bke. Array-based CGH may also be
performed with single-color labeling {as opposed to labeling the control and the possible
tamor sample with two differeat dyes and mixing them prioy to hybridization, which will
yield a ratio due fo competitive hybridization of probes on the amrays). o single color
CGH, the control s labeled and hybridized to one array and absolute signals ave read, and
the possible turmor sample 1s labeled aad hybrdized o & second armay {with ideotical
content) and absohste signals are read. Copy mumber difference is caleudated based on
absohste signals from the two arrays. Methods of preparing immobilized chromosomes or
arravs and performing comparative genomic hvbridization are well known in the art {see,
e ULS, Pat Nos: 6,335,167, 6,197 801, 5,830,645, and 5.665 549 and Albertson (1984)
FMBG. 3: 1227-1234 Pinkel (1988) Proc. Nawl dead. Sci. 1254 85 9138-9142; EPQ
Pub. No. 430,402, Methods in Molecular Biology, Vol. 33: I xity Hybridizaton Protocols,
Choo, od., Humana Press, Totowa, N3, (1994), eic}  In another embodiment, the
hybridization protocol of Pinkel, ¢f o/, (1998} Nature Generies 200 207-211, or of
Kathomemt (1992) Proe. Moo Acad Sci US4 39533318325 (1697 18 used.

In stif another embodiment, amplification-based assays can be used to measwre
copy number. In such amplification-based assays, the nuclew seid sequences act as a

template in an amplification reaction {(e.g., Polymerase Chain Reaction {PCR). Tna
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gquantitative amphfication, the amount of amplification product will be proportional to the
amount of template i the onginal sample. Comparison to appropriate controls, e.g. healthy
tissue, provides a measure of the copy number,

Methods of “quantitative” amplification are well known to those of skill in the art.
For example, quantitative PCR involves simultancously co-amplifving a known guantity of
a control seguence using the same privaers, This provides an infernal standard that may be
used to calibrate the PCR reaction. Detailed protocols for quantitative PCR are provided in
Innis, er &f. (1990} PCR Protocols, 4 Guide 1o Methods and Applications, Academic Press,
Ine. MUY Measurement of DNA copy sumber at microsateliite loct asing guantitative
PCR analysis is deseribed in Ginzonger, ef ol (20000} Cancer Research 6(13405-5409, The
known nucleie acid sequence for the genes is sufficient to enable one of skill m the art to
routinely select primers fo amplify any portion of the gene. Fluorogenic quantitative PCR
nwy also be used i the methods of the present iwventton. In fluorcgenic guantitative PCR,
quantitation is based on amount of fluorescence signals, e.g., TagMan and SYBR green.

Other suttable amplification methods include, but are not limited to, ligase chain
reaction (LCR) (see W and Wallace (1989} Genomicy 4; 360, Landegren, ef af. (1988}
Science 2411077, and Barringer ot al. (1990} Gene 891 117}, wanscription amplification
{Kowoh, e af. (1989) Proc. Na#l Acad. Sei. USA 86: 1173), self-sustained sequence
replication (Guatetls, ef ol {1990) Proc. Nar. dead. Sci. US4 87 1874}, dot PCR, and hinker
adapter PCR, ete.

Loss of hetwrogygosity {LOH) and major copy proportion (MUP) mapping {Wang,
Z.C eral (2004) Cancer Res 64(1r64-T1 Seymmour, A. B, er o (1994) Cancer Res 54,
2761-4; Habn, S, A er afl (1993 Cancer Res 35, $4670-53; Kimura, M., ef af {1996) Genes
Chromozomes Cancer 17, 88-93; Li et al., (2008} MBC Bioinform. 9, 204-21%) may also be
used to identify regions of amplification or deletion.

b, Methods for Detection of Biomarker Nucleie Acid Expression

Biomarker expression may be assessed by any of a wide variety of well known
methads for detecting expression of a transcribed wolecule or protein.  Non-limiting
cxamples of such mothods include munuaniogical methods for detection: of seoreted, ccll-
surface, ovtoplasmic, or nuclear proteins, protein purification methods, protems function or
activity assays, mcleic acid hyvbridization methods, nucleie acid roverse transcription

methods, and nucleie acid amplification methods.
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In preforred embodiments, acthivity of a particudar gene is characterized by a
measure of gene transeript (e.g mBNAY, by a measure of the quantity of translated protwin,
or by a measwre of gene product activity, Marker expression can be momitored n a variety
of ways, mcluding by detecting mRNA levels, protem levels, or proten activity, any of

5§ which can be measured using standard techniques. Detection can involve quantification of
the level of gene expression (e g, genomic DNA, ¢cDNA, mRNA, protein, or enzyme
activity), or, slternatively, can be a qualitative assessment of the level of gene expression,
particular 1n comparison with a control level. The type of level being detected will be clear
from the context.

i In another pmbodiment, detecting or deternmning expression levels of a biomarker

and functionally stmilar homologs thereof, including a fragment or genetic alteration
thereof (e.g., in regulatory or promoter regions thercof) comprises detecting or determining

RNA lovels for the marker of inferest. In one embodiment, one or more cells from the

subject to be tested are obtained and RNA is isolated from the cells, In a preferred

L

embodiment, a sample of breast tissue colls 1s obtamed from the subject.

In ong embodiment, RNA is obtained from a single cell. For example, a celi can be
isolated from a tissue sample by laser capture micradissection (LOM). Using this
technigue, a cell can be isolated from a tissue section, including a stained tissue scction,
thereby assuring that the desived cell is 1solated (vee, e g, Bonmer et al. {1997) Science 278
26 14815 Enwmert-Buck et al, {1996} Science 274:998; Fend of al. (1999) Am. 1 Path. 134; 61
andd Murakami et al, (2000} Kidooy Int, 38:1346). For example, Murakami ¢t al., supra,
desertbe tsolation of a cefl from a previously immunostained tissue section.

it 1s also be possible to obtain cells from a subject and culture the cells i virro, such
as to ohtain g larger population of cells from which RNA can be extracted. Methods for
25 cstablishing cultures of non-transformed cells, t.e., primary cell culfwres, are known in the

art.

When isolating RNA from tissue samples or cells from individuals, #t may be
mportant to provent any further changes in gene expression atter the tissue ov cells has
been removed fromm the subject, Changes 1 expression fevels are knows to change rapidly

W following perturbations, e.g., heat shock or activation with hipopolysaccharide (LPS) or
other reagents. In addition, the RNA v the tissue and cells may quickly become degraded.
Accordmgly, in a preforred enbodimend, the tissue or cells obtained from a subject is snap

frozen as soon as possible,

e
3
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RNA can be extracted from the tissue sample by a variety of methods, g, the
guanidivm thiocyanate fysis followed by TsCl centrifugation (Chivgwin et al., 1979,
Biochemistry 18:5204-53299), RNA from single cells can be obtained as deseribed in
methods for preparing ¢DNA libraries from single cells, such as those described i Dulac,
C(1998) Curr. Top. Dev. Biol. 36, 245 and Jena et al. (1996} 1. Innmunol. Methods
190:199, (lare to avoid RNA degradation muat be taken, e g, by inclusion of RNAgin,

The RNA sample can then be enriched in particular species. Tn one embodiment,
poly(A)+ RNA 15 isolated from the RNA sample. In generad, such punfication takes
advantage of the poly-A tails on mRNAL In particular and as noted above, poly-T
aligonucleotides may be immobilized within on a solid support to serve as atfinity Hgands
for mRNA. Kits for this purpose are commercially avatlable, e.g., the MessageMaker kit
{Life Technologies, Grand Isfand, NY).

n a preferred embodiaent, the RNA population s enriched n marker sequences,
Enrichment can be undertaken, ez, by primer-specific ¢DNA synthests, or awdtiple rounds
of lincar amplification based on ¢DNA synthesis and template~directed inigro
teanscription {see, eg., Wang ot al. (1989 PNAS 86, 9717 Dulac of al,, suprg, and Jena ¢t
al., supra),

The popuiation of RNA | enriched or not i particular species or sequences, can
further be amplified. As defined herein, an “amplification process™ is desigoed to
strengthen, increase, or asgment a molecule within the RNA. For example, where RNA is
mRNA, an amplification process such as RT-PUR can be utidized to amplify the mRNA,
such that a signal 15 detectable or detection is enhanced. Such an amplification process is
beneficial particutarty when the hiological, dssue, or tumor sample is of a swall size or
volume,

Various anplification and detection methaods can be used. For example, # Is within
the scope of the present invention o reverse transeribe mRNA into ¢cDNA followed by
polymerase chain reaction (RT-PCR); or, 1o use a single enzyme for both steps as deseribed
wm LS, Pat. No, 53,322,770, or reverse taanseribe mRNA into cDNA foliowed by syvimmetric
gap ligase chain reaction {RT-AGLLR) as desenibed by R L. Marshall, et al., PCR
Methods and Applications 4 80-84 (1994}, Real ime PCR may also he used.

Other known amphification methods which can be utilized herein include but are not
Limited to the so-called “NASBA” or “38R” technique described in PNAS UISA 87: 1874-

IRTH {1990} and also described in Nature 330 (No. 6313 9103 (1991 ), Q-heta
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amplification as deseribed in published Foropean Patent Application {EPA) No. 4544610;
strand displacement amplification (as desenbed in G, T, Walker et al., Clin. Chem. 42: 9-13
{1996} and Ewropean Patent Application No, 684315, target mediated amplification, as
described by PCT Publication WQ93224601; PCR; lgase chain reaction (LOR) (see, ez,
Wi and Watlace, Genomies 4, 560 (1989), Landegren et al., Science 241, 1077 (1988));
self~sustained sequence replication {38R) (see, e.g., Guatelh et al., Proc. Nat. Acad. Sci.
LSA, R7, 1874 (199M); and transcription amplification (see, e.g., Kwoh et al, Proc, Natl,
Acad. Sci. USA 86, 1173 (1989)).

Many techniques are kaown in the state of the art for determining absolute and
relative kevels of gene expression, conmmonly used techaigues surtable for use in the present
mvention include Northern analysis, RNase protection assays (RPA}, microarrays and PCR-
hased techniques, such as quantitative PCR and differential display PCR. For example,
Northern blotting mvolves ranming a preparation of RNA on a denatering agarose gel, and
transforrmg 1t to a suitable support, such as activated cellulose, nitroceliulose or glass or
aylon membranes. Radiolabeled cDNA or RNA is then hybnidized to the preparation,
washed and analyzed by autoradiography.

In sinehybridization visualization may also be cmploved, whorein a radicactively
labeled antisense RNA probe is hybridized with a thin section of a biopsy sample, washed,
cleaved with RNase and exposed to a sensitive emulsion for autoradiography. The samples
may be stained with hematoxyhin to demonsirate the histological composition of the
sample, and dark ficld mnaging with a suitable lght filter shows the developed cmulsion.
Non-radioactive labels sach as digoxigenin may also be used.

Alternatively, mRNA expression can be detected on a DNA array, chip ora
microarray. Labeled mucleic getds of a st sample obtained from a subject may be
hybridized to a solid surface comprising biomarker DNAL Positive hybridization signal is
obtained with the sample contaiming biomarker transeripts. Methods of preparing DNA
arrays and their ase are well known in the art (see, e.g., U.S. Pat. Nos: 6 6186796,
6,379,897, 6.664.377; 6,451 836; 348257, U8, 20030157485 and Schena ef al. (1995}
Sedence 20, 467-470; Gerhold et al. (1999} Frandy In Biochem. Sei. 24, 168-173; and
Lennon et al. (2000 Dee Diseovery Today 5, 58-65, which are herein mcorporated by
reference in their entivety ). Scrial Analysis of Gene Expression (SAGE) can also be
porformed {Sce for example ULS. Patent Application 200302138838),

To monitor mRNA {evels, for example, mRNA is extracted from the biological
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sample w0 be tested, reverse wansentbed, and fluorescently-labeled ¢ DNA probes are
generated. The microarrays capable of hybridizing to muarker ¢cDNA are then probed with
the Iabeled ¢cDNA probes, the shides scanned and fluorescence intensity measored. This
mtensity correlates with the hybridization miensity and expression levels,

Types of probes that can be used i the methods deseribed herein include ¢cDNA,
tiboprobes, synthetic oligonacleotides and genomic probes. The type of probe used will
generally be dictated by the particular situation, such as riboprobes for i sif hovbridization,
and cDINA for Northern blotting, for example. In one embodiment, the probe is directed to
micleotide regions unigue o the RNA. The probes may be as short as 15 requared to
differentiaily recogmze marker mRNA anseripis, and may be as short as, for example, 15
bases; however, probes of at feast 17, 18, 19 or 20 or more bases can be used. Inone
embodiment, the primers and probes hybridize specifically ender stringent conditions to a
DNA fragmest baving the nucleotide seguonce corresponding o the marker. As herein
used, the texm “stringent conditions” means hvbridization will occur only if there 1s at least
958% wlentity m nucleotide sequences. In another embodiment, hybridization vader
“stringent conditions” occurs when there is af least 97% wdentity between the sequences.

The form of labeling of the probes may be any that is appropriate, sach as the use of
radicisotopes, for example, 7P and S, Labeling with radicisotopes may be achieved,
whether the probe is synthesized chentically or biologically, by the use of suitably labeled
bases.

in one embodiment, the biclogical sample condains polypeptide nolecules from the
test subject. Alternatively, the biological sample can contain mRNA molecules from the
test subject or genomic DNA wolecutes from the test subject.

In another embodiment, the methods farther involve obtaining a control biclogical
sample from a confrol subject, contacting the control sample with a compound or agent
capable of detecting marker polypeptide, mRNA, genomic DNA, or fragments thereofl such
that the presence of the marker polypeptide, mRNA | genomic DNA, or fragments thereot,
iy detected in the biclogical smople, and comparing the presence of the marker polvpeptide,
mRNA, genonue DNA, or fragments thereof, in the control sample with the presence of the
marker pobypeptide, mRNA&, genomic DNA, or fragments thereof i the test sample.

o, Methods for Detection of Biomarker Protein Expression

The activity or level of a biomarker protem can be detected andfor quantified by

detecting or quantifving the expressed polypeptide. The polypeptide can be detected and

- R} -
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gquantified by any of a nomber of means well known to those of skill in the art. Aberrant
fevels of polypeptide expression of the polypeptides encoded by a bromarker nucleic acid
and functionally similar homologs thercof, including a fragment or genetic alteration
thereof {e.&., In regulatory or promwoter regions thereof) are associated with the hikelihood of
response of a cancer to an anti-imnnme checkpoint therapy,  Any method known in the ant
for detecting polypeptides can be used, Such methods include, but are not Hmited to,
inumunoediffusion, imoumoclectrophoresis, radiomununoassay {RIA}, enzyme-linked
immunosorbent assays (ELISAS), immunofluorescent assays, Western blotting, binder-
ligand assays, swmunohistochentcal techniques, aggleination, complement assays, high
performance biguid chromatography (HPLLY, thin laver clromatography (TLC),
hyperdiffusion chromatography, and the like {e.g., Basic and Chinical Impnmology, Stes
and Terr, eds., Appleton and Lange, Norwalk, Conn. pp 217-262, 1991 which is
sweorporated by reforence). Prefereed are binder-ligand iswouncassay methods inchuding
reacting antthodies with an opitope or epitopes and competitively displacing a labeled
polypeptide or dertvative thereof

For exampte, ELISA and RIA procedures may be conducted such that a desired
biomarker protein standard is labeled {with a radioisotope such as “Tor 7S oran
assavabic enzyme, such as horseradish peroxidase or atkaline phosphbatase), and, topether
with the unlabelled sample, brought mto contact with the corresponding antibody, whercon
a second antibody 1s used to bind the first, and radioactivity or the mmobilized enzyme
assayved (competitive assay), Alternatively, the biomarker protein in the sarople is allowed
to react with the corresponding immobihized antibody, radicisotope- or enzyme-labeled
anti~biomarker proteinantibody 1s allowed to react with the system, and radivactivity or the
cizyme assayed {ELISA-sandwich assay). Other conventional methods may also be
employed as saitable.

The above techniques may be conducted essentially as a “one-step™ or “two-step”
assay. A “one-step™ assay ivolves contacting antigen with immobilized antibody and,
without washing, contacting the mixiure with labeled antibody. A “two-step™ assay
mvelves washing before contacting, the mixture with labeled antibody. Other conventional
methods may also be employved as suitable.

In one embodiment, a methad for measiring bicmarker protein lovels comprises the
steps of! contacting a ological specirnen with an antibady or vanant {e g, fragment)

thereof which selectively binds the biomarker protein, and detecting whether said anubody

-~ 81 -
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or varjant thereof 1s bound to said sample and thereby measwmg the fevels of the
bionwarker protein,
Enzymatic and radiolabeling of biomarker protein and/or the antibodies may be
effected by conventional means. Such means will gencrally melude covalent hinkmg of the
5 enzyne to the antigen or the antibody iy question, such as by ghataraldehyde, specifically so
as not to adversely affect the activity of the enzyme, by which 1s meant that the enzyvine
must still be capable of interacting with us substrate, although 1t is not necessary for all of
the enzyme © be active, provided that enough remaims active 1o pernut the assay to be
cffected. Indeed, some techmques for binding enzyme are non-specific {such as using
10 formaldehyde}, and will only vield a proportion of active enzyme.
it is usually deswrable to immobilize one component of the assay system on a
support, thereby allowing other components of the system o be brought into contact with
the component and readily removed without laborious and time-conswening labor, s
possible for a second phase to be immobihized away from the first, but one phase 15 usually

sufficient.

L

it is possible to mmmobilize the enzyme ttself on a support, bat if solid-phase
cnzvme is requived, then this is genorally best achioved by binding to antibody and affixing
the antthody 1o a support, models and systems for which are well-known i the art. Simple
polyethylene may provide a suitable support.
24 Enzymes emplovable for labeling are not particularly limited, but may be selected
from the members of the oxidase group, for example. These catalyze production of
hiydrogen peroxide by reaction with thew substrates, and ghocose oxidase s often used for
s good stability, case of availabibity and cheapness, as well as the ready availability of its
substrate {ghwose). Activity of the oxidase may be assaved by measwring the concentration
25 of hydrogen peroxide formed after reaction of the cnzyvme-labeled antibody with the

substrate under controlfed conditions well-known in the art.

Other techniques may be used to detect hiomarker protein according to a
practitioner's preference based upon the present disclosure. One such teclutque 5 Western
blotting { Towbin ef at., Proe, Nat. Acad, Sci. 76:4330 {1979)}, wherein a suttably treated

W sample s ran on an SDS-PAGE gel before being transforred to a solid support, such as a
mitrocethslose filter. Anti-biomarker protein antibodics {unlabeled) are then broaght into
contact with the support and assaved by a secondary immunological reagent, such as

labeled protein A or anti-immunoglobulin (suitable abels neluding ™), horseradish

-~ N2
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peroxidase and atkahine phosphatase). Chromatographic detection may also be used.

Imnumohistochenustry may be used o detect expression of biomarker protein, eg,
it a blopsy sample. A suitable antibody s brought into contact with, for example, a thin
layer of cells, washed, and then contacted with a second, labeled antibody. Labeling may
he by fluorescent markers, enzymes, such as pevoxidase, avidin, or radiolabelling. The
assay is scored visaally, using microscopy.

Anti-biomarker protein antibodies, such as intrabodics, may alse be used for
imaging purposes, for example, © detect the presence of biomarker protems 1n cells and
tissues of a subject. Suitable labels mclude radioisotopes, todine ¢, ), carbon (7O,
sulphar (7°8), tritiam (CH), indium {7 In), and technetivm {mTe), fluorescent labels, sach
as fluorescein and rhodamine, and biotin.

For in vivo inaging purposes, antibodies are not detectable, as such, from owtside
the body, and so st be labeled, or otherwise modified, o permit detection. Markers for
this purpose may he any that do not substantially mterfere with the antibody hinding, but
which allow external detection. Suitable markers may mclude those that may be detected
by X-radiography, NMR or MRI. For X-radiographic tochnigues, suitable markers inchade
any radioisotope that emits detectable radiation bat that 1s pot overtly harmful to the
subject, such as barmim or cesium, for example. Suitable markers for NMR and MR
generally include those with a detectable characternistic spin, such as deutertum, which may
he meorporated into the antibody by switable labeling of nutrients for the relevant
hybridoma, for example.

The size of the subject, and the maging systam used, will determine the quantity of
imaging wmoicty needed to produce diagnostic mages. In the case of a radioisotope motety,
for a human subject, the quantity of radivactivity injected will normally range from abowt 5
to 20 miflicuries of technetiuny-99. The labeled antibody or antibody fragment will then
preferentially accumulate at the location of cells which contan blomarker protein. The
labeled antibody or antbody fragment can then be detected asing known techniques.

Antibedics that may be used to detect biomarker protem melude any antibody,
whether natural or synthetie, full length or a fragment thereot, monoclowal or polyclonal,

that binds sufficiently strongly and specifically to the bromarker protein to be detected. An

}]

antibody may have a kg of at most about LOUML TOUML TOM, 10TM, 107, 100N 1
M. The phrase “specifically binds™ refers to binding of, for example, an antibody to an

epitope or antigen or antigenic determinant in such a manner that binding can be displaced
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or competed with & second preparation of identical or similar epitope, antigen or anbigeme
deternunant. An antibody may bind preferentially o the biomarker protein refative fo other
proteins, such as related proteins.

Antibodies are conmmercially available or may be prepared according to methods
known in the art.

Antibodies and derivatives thereof that may be used cocompass polvelonal or
monoclonal antibodies, chimeric, human, humanized, primatized (CDR-grafted), veneered
or single-chain antibodics as well as functional fragments, e, biomarker protein binding
fragments, of anttbodies. For example, antthody fragments capable of binding to a
hiomarker protein or portions thereof, including, but not limited fo, Fv, Fab, Fab' and F{ab)
2 fragments can be used. Such fragments can be produced by enzymatic cleavage or by
reconthinant techimques. For example, papain or pepsin cleavage can generate Fab or F(ab')
2 fragments, respectively. Other proteascs with the requisite sabstrate speetficity can also
be used to generate Fab or F(ab) 2 fragments. Antibodies can also be produced m a vanety
of truncated forms using antibody genes i which one or more stop codons have been
wtroduced upstream of the natwral stop site. For example, a chimeric gene encoding a Fab’)
2 heavy chain portion can be destgned to include DNA sequences encoeding the CH, domain
and hinge region of the heavy chamn

Synthetic and engineered antibodies are desertbed in, e, Cabilly etal, US. Pat
No. 4,816,567 Cabilly et al., European Patent No. {8,125,623 Bl Boss et al., LS. Pat. No.
4,416,397, Boss ot al., Evropean Patent No. 0,120,694 B1; Neeberger, M. S, etal, WO
861533 Neuberper, M. S, et al., Favopean Patent No. 0,194.276 B1: Winter, US. Pat.

No. 3,225,539 Winter, European Patent No. 4,239 400 B1; Queen ot al., Furopean Patent

No, 0431216 Bl and Padlan, E. A et al, EP 053195396 Al. See also, Nowman, R, et al,,

BioTechnology, 10 1435-1460 (1992}, regarding primatized antibody, and Ladner et al,
LS, Pat. No. 4,946,778 and Bird, R E. et al, Science, 242: 423-426 (1988)) regarding
single-chain antibodies. Antihodies produced from a bibravy, e g, phage display bibravy,
may also be used.

in some embodiments, agents that specifically ind o a biomarker protein other
than antthbodies arc used, such as peptides. Peptides that specifically bind to a biomarker
protein can be identified by any means known in the art. For example, specific peptide
hinders of a biomarker protoin can be screened for using peptide phage display {ibraries.

d. Mathods for Detection of Biomarker Structural Alterations

- R4 -
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The following thustrative methods can be used to identify the presence of a
structural alteration in a biomarker nucleie acid andfor biomarker polypeptide molecude in
order to, for example, identify Ang-2 proteins that are both overexpressed and functional.

in certain embodiments, detection of the alteration mvolves the use of a
probefprimer in a polymerase chain reaction {(PCR) (see, e.g, U.S. Pat. Nos. 4,683,198 md
4,683 202}, such as anchor PCR or RACE PUR, or, alternatively, in a ligation chain
reaction (LCR) {see, e.g., Landegran er ol (1988} Science 241:1077-1080; and Nakazawa
ef al. (1994) Proc. Natl. Acad. Sei. LSA 91:360-364), the Iatter of which can be particudarly
useful for detecting point muatations i 2 biomarker nuclere actd such as a biomarker gene
{sce Abravaya ef ¢f. {1995) Nucleie Acids Res, 23:675-682), This method can include the
steps of collecting a sample of cells from a subject, solating nuclere acid (e g, genonuc,
mRNA or both) from the cells of the sample, contacting the nucleic acid sample with ong or
more primers which speeifically hybridize to a biomarker gene under conditions such that
hybridization and amplification of the biomarker gene (if present) ocours, and detecting the
presence or absence of an amplification product, or detecting the size of the amplification
product and comparing the fength to a control sample. It is anticipated that PCR andfor
LER may be desirable to use as a preliminary amplification step i conpunction with any of
the techniques used for detecting mutations described herein,

Alternative amplification methods include: self sustained sequence rephication
{Gaatells, . C. er ol (1990) Proc. Nath. Acad. Sci. USA B7:1874-187R), transcriptional
amplification systom (Kwoh, DU Y. ef of. (1989) Proc. Natl, Acad. Sci, USA 86:1173-1177),
Q-Beta Replicase {Lizardi, P. M. er o (1988) Bro-Technology 6:1197), or any other
mucleic acud amplification method, followed by the detection of the amplified molecales
using techniques well known to those of skilf in the art. These detection schemes arc
especially useful for the detection of nucleic acid molecudes if such molecules are present in
very low mumbers.

in an alternative embodiment, preations in a biomarker nuclete acid from a sample
cell can be wlentified by alterations in restriction enzyime cleavage patterns, For exanple,
sample and control DNA i3 isolated, amplitied {optionally), digested with one or more
restriction endonucleases, and fragment length sizes are determined by gel electrophoresis
and compared. Differences in fragment length sizes between sample and control DNA

indicates mutations 0 the sample DNAL Moreover, the use of sequence specific rthozyimes
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{see, for example, U5, Pat. No. 5,495,533 1) can be used to score for the presence of speaific
mautations by development or foss of a ribozyme cleavage site.

I other embodiments, genetic matations in biomarker mucleic acid can be identitied
by hybridizing a sample and control nucleic acids, ez, DNA or RNA| to high densaty
avrays containing hundreds or thousands of ohigonucleotde probes (Cronin, ML T, ot ol
{1996) Hum. Matat. 7:.244-255; Kozal, M. I er of. (1996} Nat. Med. 2:733-759), For
example, biomarker genetic mutations can be identified in two dimensional arays
contamning light-generated DNA probes as described in Cromn ef gl {1996) supra. Briefly,
a first hybndization array of probes can be used o scan through lony stretches of DNA ma
sample and controf o wdentity base changes between the sequences by making lnear arrays
of sequential, overlapping probes. This step allows the wdentification of point mutations.
This step is followed by a second hybridization array that allows the chavacterization of
specific mutations by using smaller, specialized probe amays complementary to all variants
or rawations detected. Each mutation array 1s composed of parallel probe sets, one
complementary to the wild-tvpe gene and the other conplomentary to the mutant gene.
Such omarker genetic mutations can be identified i a variety of comtexts, incheding, for
example, germiing and somatic mutations.

In yet another embodiment, any of a variety of sequencing reactions known in the
art can be used to direetly sequence a biomarker gene and detect mutatons by comparing
the sequence of the sample biomarker with the corresponding wild-type (control) sequence.
Examples of sequencing reactions inclade those based on techniques developed by Maxam
and Gilbert (1977) Proe. Natl Avad. Sei. US4 74:560 or Sanger (1977) Proc. Nad, dead
Sei. L2854 74:3463. 1t is also contemplated that any of a vanety of automated sequencing
procedures can be utilized when performing the diagnosiic assays {(Nacve {1995)
Bioiechnigues 19:448-533), includimg sequencing by mass spectrometry {see, eg., PCT
International Publication No. W 94716101, Cohen er ol (1996) ddv. Chronutogr. 36:127-
162; and Griffin ef of. (1993} Appl. Biochem. Biotechnol. 38:147-1539),

Other methods for defecting saations in a biomarker gene wclude methods in
which protection from cleavage agents is used to detect mismatched bases in RNA/RNA or
RNA/DNA heteroduplexes {Myers er af. (1985) Science 230:1242). In general, the ant
techaique of “nsmatch cleavage™ starts by providing heterodaplexes formed by
hyvbrulizing (Iabeled) RNA or DNA containing the wild-type biomarker sequence with

potentially mutant RNA or DNA obtwined from a tissue sample. The double-stranded
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duplexes are treated with an agent which cleaves single-stranded regions of the duplex such
as which will exist due 1o base pair nusmatches between the control and sample strands.
For mstance, RNA/DNA daplexes can be treated with RNase and DNAJDNA hyvbrids
weated with §1 nuclease to enzymatically digest the nusmatehed regions. In other
embodiments, either DNA/DNA or RNA/DNA duplexes can be treated with hydroxylamine
or osmium tetroxide and with piperidine in order to digest smatched regions. After
digestion of the mismatched regions, the resulting material 1s then separated by size on
denaturing polyacrviamide gels to deternune the site of putation. See, for example, Cotton
¢f e (1988 Proc. Natl. Acad. Sei. USA 83:4397 and Salecha ef ¢f, {1992} Methods
Enzyvmol. 217:286-295. In g preferred embodiment, the control DNA or RNA can be
labeled for detection.

In stilf another embodiment, the mismatch cleavage reaction employs one or more
protems that recognize mismatebed base paws in double-steanded DNA {so called "DNA
mismatch repair” enzymes) m defined systems for detecting and mapping point mutations
in biomarker ¢DINAs obtamned from samples of cells. For example, the mutY enzyme of £
cofi cleaves A at GAA omsmatches and the thymdine DNA glycosylase from Hela cells
cleaves T at G/T mdsmaiches (Hsu ef af. (1994) Carcinogenesis 15:1637-1662). According
to an excmplary embodiment, a probe based on a nomarker sequence, e.g., a wild-type
biomarker treated with a DNA pusmatch repair enzyme, and the cleavage produets, i any,
can be detected from electrophoresis protocols or the tike {e.g., US. Pat. No. 54590139 )

n other cmbodiments, alterations 1o elcctrophoretic mobibity can be vsed o sdennfy
mutations w biomarker genes. For example, single strand conformation polynorphism
{SSCP} may be used to detect differences in efectrophoretic mobility between mutant and
wild type nucleie acids (Orita ef ol (F989Y Proc Narl dead. Sof USH 86:2766; see also
Cotton {1993) Mitas Kes. 285:125-144 and Hayashs (1992} Gener. dnal. Tech. Appl 973
79). Single-stranded DNA fragments of sample and controf biomarker nucleic acids will be
denatured and allowed to renangre. The secondary structwre of single-stranded nucleic acids
varies according to sequence, the resulting alteration in clectrophoretic mobility enables the
detection of oven a single base change. The DNA fragmenis may be labeled or detected
with labeled probes, The sensitivity of the assay may be enhanced by using RNA (rather
than DNA), in which the sccondary stractare is more sensitive to a change in sequence. In

a preferred embodiment, the subject method utilizes heteroduplex anglysis to separate
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double stranded heteroduplex molecuies on the basis of changes in electrophoretic mobility
{Keen er af. (1991) Trends Gened. 7:5)

In yet another crubodiment the movement of mutant or wild-type fragments in
polyacrylanide gels containming a gradient of denaturant is assayed using denatuning
gradient gel electrophoresis {DGGE) (Myers of ¢, (1983) Nature 313:495). When DGGE
i3 used as the method of analysis, DNA will be modified to ensure that it does oot
completely denature, for example by adding a GC clamyp of approximately 40 bp of high-
melting GC-rich DNA by PCR. In a further embodiment, a temperature gradient 1s used in
place of a denatring gradient o identify differences in the mobility of control and sample
DNA {(Rosenbaum and Retssncr {1987 Bivpfwe. Chem. 265:12753),

Examples of other technigues for detecting point mutations melude, but are not
himited to, selective oligonucleotide hybridization, selective amplification, or selective
privoer extension. For example, aligonecleotide priowers may be propared in which the
known mutation 15 placed contrally and then hyvbnidized to target DNA under conditions
which perout bybridization only 1f a perfect match is found (Satki ef ol (1986) Noaure
oligonucleotides are hybridized to PUR amplificd target DNA or a namber of different
mutations when the oligonucleotides are attached to the hybridizing membrane and
hybnidized with labeled tavget DNA.

Alernatively, alfele specific amplification technology which depends on sefective
PCR aowplification may be used 0 conmjunction with the instand inveation, Oligonucieotides
used as primers for specific amplification may carry the mutation of nterest in the center of
the molecale (so that amplification depends on differential hvbridization) (Gibbs e ol
(YO8 Nuceleic Aords Rex. 17:2437-2448) or at the extreme 3 end of one primer where,
under appropriate conditions, mismatch can prevent, or reduce polymerase extension
{Prossner {1993) Tibrech 11:238). In addition it may be desivable to introduce a novel
restriction sife i the region of the mutation to create cleavage-based detection (Gasparing et
af, (1992} Mol Cell Frobes 6:1), Hs anticipated that in certain embodiments anphification
may also be performed using Taq ligase for amplificapion (Barany (1991) Proc. Nad. dead.
Sci USA 8R:189). In such cases, Ligation will occur only if there 1s a perfect match at the ¥
end of the §' sequence making it possible to deteet the presence of a known mutation at 8

speetfic site by fooking for the presence or absence of amplification.
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Anti-Cancer Therapies

The efficacy of anti-imanane checkpoint therapy 1s predicted according to bionmarker
amount andfor activity associated with a cancer 1n g subjoct according to the methods
described herein. In one embodiment, such anti-ipwnune checkpoint therapy or

5 combinations of therapies {e.g., ant-UTLA4 antibodies in combination with hevacizamab)
can be administered once a subject i» indicated as being a bkely responder o anti-immune
checkpoint therapy. In anather embaodiment, such anti-mnwne checkpomt therapy can be
avoided once a subjeet is indicated as not being a likely responder 1o ant-ummune
checkpoint therapy and an alternative treatment regimen, such as targeted andfor untargeted

10 anti-cancer therapies can be admunistered. Combination therapics are also contemplated

and can comprise, for example, one or more chemotherapeutic agents and radiation, one or
more chemotherapeutic agents and innwmotherapy, or one or more chemotherapeutic
agents, radiation and chemotherapy, cach combination of which can be with anti-imoume

checkpoint therapy.

L

The torm “tareeted therapy” refors to adonunisiration of agents that seleetively
wmiteract with a chosen biomoleculs to thereby treat cancer. For example, anti-Ang-2 agonts,
such as therapeutic monoclonal blocking antibodies, which are well-knows in the art and
described above, can be used fo target tumor microenvironments and cells expressing
anwanted Ang-2. Stmtlarty, bevacizomab (Avastin®) s a humamzed monoclonal antihody
A dhat targets vascular endothelial growth factor (see, for example, U.S. Pat. Publ
20130121999, WO 2013/08349%, and Presta of af, {1997) Cancer Res. 57:4593-4509).

honwmotherapy 1s one form of targeted therapy that yoay comprise, for example, the
use of cancer vaccines and/or sensitized antigen presenting cells. For example, an oncolytic
vires i a viros that is able to mfect and lyse cancer cells, while leaving nornwl cells
25 unharmed, making them potentially usefud n cancer therapy. Replication of oncolytic

viruses both faciBitates tumor cell destruction and also produces dose amplification at the
nanor site. They may also act as vectors for anticancer genes, allowing them fo be
specifically delivered to the twmor site, The immunotherapy can involve passive immnmuanity
for shori-term profection of a host, achieved by the administzation of pre-formed antibody
W directed against a cancer antigen or disease antigen {2.¢., admmistration of a monoclonal
antibody, optionally linked to a chemotherapeoutic agent or toxin, to a fumor antigen).
Irnewmnotherapy can alsoe focus on using the cytotoxic ymphocyic-recognized epitopes of

cancer cell bines. Altematively, antisense polynucleotides, nibozrvmes, RNA iterference
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molecudes, triple helix polynucieotides and the like, can be used © selectively modelate

biomolecules that are hinked fo the mitiation, progression, andfor pathology of a tamor or

CAICCT.
The term “untargeted therapy” referes to admimistration of agents that do not

selectively interact with a chosen biomolecule vet treat cancer. Representative examples of
antargeted therapies include, without fimitation, chemotherapy, gene therapy, and radiation
therapy.

in one embodiment, chemotherapy 1s used. Chemotherapy mcludes the
administration of o chemotherapeutic agent. Such a chomotherapeutic agent may be, bat 1s
mot Himited to, those selected from amonyg the following groups of compounds: platinum
compounds, cytotoxic anfibiotics, antimetabolities, anti-mitotic agents, alkvlating agents,
arsenic compounds, DNA topoisomerase inhibitors, taxanes, nucleoside analogoes, plant
alkaloids, and toxins; and syathetic dervatives thercof. Exemplary compounds include, but
are not luaied to, alkylating agents: cisplatin, treosulfan, and trofosfanude; plant atkalowds:
vinblastine, paclitaxel, docetaxol; DNA toposomaorase inhibitors: teniposide, erisnatol, and
mitomvein; anti-folates: methotrexate, mycophenolic acid, and hvdroxyurca; pyrimidine
analogs: 3-fluorouracil, doxifluridine, and ovtosine arabinoside; purine analogs:
mercaptopurine and thioguanine; DNA antimetabolites: 2'-deoxy-5-fluorouridine,
aphidicolin ghycimate, and pyrazoloinidazole; and antimitotic agents: halichondrin,
cofchicine, and rhizoxin, Composions comprising one or more chemotherapeutic agents
{e.g., FLAG, CHOP) may also be ased. FLAG compriscs {ludarabine, cytosine arabinoside
{Ara~-C) and G-CSF. CHOP comprises eyclophosphanude, vineristine, doxorubicin, and
predmsone. In another embodiments, PARP {e.g, PARP-1 andéor PARP-2} inhibitors are
wsed and such infubitors are well known in the art {e.g., Olaparib, ABT-888, BSI-261,
BGP-15 (N-Gene Research Laboratories, Ine. ) INO-1001 (Inotek Pharmaceuticals Inc.);
PI34 (Soviano ef of, 2001, Pacher ¢ of, 2002b); 3-aminobenzamide (Trevigen); d-anuno-
1 S-naphthalimide; (Trevigen), 6{ 3H-phenanthridinone { Trevigeny; benzanude (118, Pat.
Re. 36,397); and NUT0ZS (Bowman ot al). The mechamusm of action is generally related to
the abihity of PARP inhibitors to bind PARP and decrease s setivity, PARP catalyzes the
conversion of beta<micotinamide adenine dinucleotide (NAD+) into nicotmannde and
poly-ADP-ribose (PAR). Both poly (ADP-ribose) and PARP have been linked to
regulation of transcription, cell profiferation, genomic stability, and carcinogenesis

{Bouchard V. I etal. Experimental Hematology, Volume 31, Number 6, June 2003, pp.
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436-454(9); Herceg 7. Wang Z.-Q. Mutation Research/Fundamental and Molecular
Mechanisms of Mutagenesis, Volume 477, Number 1, 2 Jun. 2001, pp. 97-110¢143)
Pohy{ADP-ribose) polymerase 1 (PARPI) is a key molecule in the repair of DNA single-
strand breaks (SSBs) (de Murcia 1. et al. 1997, Proe Natl Acad Sci USA 94:7303-7307;
Schreiber V., Dantzer F, Ame J €, de Murcia G (2006) Nat Rev Mol Cell Biol 7:517-328;
Wang £, et al. (1997) Genes Dev 11:2347-2358). Knockout of 55B repatr by irhubition
of PARP] function induces DNA double-strand breaks (DSBs) that can trigger synthetic
lethality in cancer cells with defective homology~directed DSB repair (Bryant H E, et al.
£2003) Nanwe 434:913-817; Farmer H, ot al, {2005) Nature 434:017-9213 The foregoing
examples of chemotherapeutic agents are Huostrative, and are not intended to he Hmiting,

in another embodiment, radiation therapy 1s used. The radiation used m radiation
therapy can be fonizing radiation. Radiation therapy can also be ganuna rays, Xe-rays, or
proton beams. Examples of radiation therapy include, but arc not fimited fo, extemal-beam
raciation therapy, mterstitial implantation of radicisatopes (1125, palladum, widiumy),
radiotsotopes such as strontiuny-89, thoracic radiation therapy, intraperitoneal PL32
radiation therapy, andfor total abdominal and pelvic radiation therapy. For a general
overview of radiation therapy, see Hellman, Chapter 16; Principles of Cancer Management:
Radiation Therapy, 6th edition, 2001, DeVita et al., eds.. J. B. Lippencott Company,
Philadelphia. The radiation therapy can be admimstered as external beam radiation or
teletherapy wherein the radiation is divected from a remote sonrce. The radiation treatment
can also be administored as buternal therapy or brachyitherapy wherein a radivactive sawree
1 placed inside the body close to cancer cells or a tomor mass. Also encompassed 1s the use
of photodynamic thevapy comprising the administration of photosensitizers, such as
hematoporphyrin and its derivatives, Vertoporfin {BPD-MA), phthaloeyanine,
photosensifizer Ped, demethoxy-hypocrelim A; and ZBA-2-DMHA.

In another embodiment, bormone therapy 1s used. Hormonal therapeotic treatments
can comprise, for example, bormonal agonists, hormonal antagonists {e.g., flutamide,
bicalutmmide, tamoxifen, raloxifone, leuprolide acetate (LUPRONY, LH-RH antagonists),
mhibitors of horoone iosynthests and processing, and steroids (e g, dexamethasone,
retinoids, deltoids, betamethasone, cortisol, cortisone, prednisong, debydrotestosterone,
glacocorticoids, mingralocorticoids, ostrogon, testosterone, progesting), vilamin A
derivatives e g, all-trans retunoie acid {ATRA}); vitanun D3 analogs; antigestagens (e.g.,

nufepristone, onapristone), or antiandrogens {&.g., cyproterone acetate).
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in another emhodiment, hyperthermia, a procedure mn which body tissue is exposed
to high temperatares (up to 106°F } 1s used. Heat may help sheink tumors by damaging
cells or depriving them of substances they need to Bve, Hyperthermia therapy can be local,
regional, and whole-body hyperthermia, using external and internal heating devices.
Hyperthernua is almost always used with other forms of therapy {e.g., radiation therapy,
chemotherapy, and binlogical therapy) to try to increase their effectiveness. Local
hyperthermia refers to heat that i1s applied to a very small area, such as a tumor. The area
may be heated externally with high-frequency waves aimed at 2 tumor from a device
eutside the bodv. To achieve mtomal heating, one of several types of stertle probes may be
used, including thin, heated wires or hollow tubes filled with warm water; implanied
nucrowave antennae; and radiofreguency electrodes. In regional hyperthermia, an organ or
a hmb 1s heated. Magnoets and devices that produce high energy are placed over the region
o be heated, e another approach, called perfuston, some of the paticands blood is removed,
heated, and then pumped {(perfused) mfo the region that 1s to be heated internally. Whole-
body heating 1s used to treat metastatic cancer that has spread throughout the body. Tt can
be accomplished using warme-water blankets, hot wax, inductive cotls {like those in electric
blankets), or thermal chambers (similar to large incubators). Hyperthernsa docs not cavse
any marked merease in radiation side effects or complications. Heat applied directly to the
skin, however, can cause discomfort or even sigmificant focal pan in about half the paticnts
weated. It can also cause blisters, which generally heal rapidly.

a still ancther embeodiment, photodyvramic therapy {alst calied PDT, photoradiation
therapy, phototherapy, or photochemotherapy) 15 used for the treatment of some tvpes of
cancer. It is hased on the discovery that certain chenucals known as photosensitizing agents
can kil onc-celled organisms when the orgamisms are exposed to g particudar type of light,
PDT destroys cancer cells through the use of a fixed-froquency laser light in combination
with a photoscusitizing agent. In PDT, the photosensitizing agent is injected into the
bloodstrean: and absorbed by cels all over the body. The agent remains in cancer cells for
a longer tiroe than i does in notmal cells. When the treated cancer cells are exposed o
laser light, the photosensitizing agent absorbs the light and produces an sotive form of
oxygen that destrovs the treated cancer cells. Light exposurs must be gmed carefully so
that ¥ occurs when most of the photosensitizing agent has left healthy colls but is stilf
present in the cancer cells. The laser light used in PO can be directed through a fiber-

optic {a very thin glass strand). The fiber-optic is placed close to the cancer to deliver the
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proper amowit of light. The fiber-optic can be directed through a bronchoscope into the
{angs for the treatment of kg cancer or through an endoscope into the esophagus for the
treatment of esophageal cancer. An advantage of PDT is that it causes minimal damage to
healthy tissue. However, because the laser light currently in use cannot pass through more
than about 3 centimeters of tissue {a httle more than one and an eighth inch), PDT is mainly
ased f treat fumors on or st wider the skan or on the g of mternal organs.
Photodynamue therapy makes the skin gad eyes sensitive 1o light for 6 weeks or more after
treatment. Patients are advised to avoud divect sunlight and bright mdoor light for at least 6
weeks, IF patients minst go outdoors, they need to wear protective clothing, including
sungtasses. Other temporary side effects of PDT are related to the treatment of specific
areas and can include coughung, trouble swallowing, abdominal pain, and pasnful breathing
or shortness of breath. In December 1995, the US. Food and Drag Adpunistration {FDA)
approved a photosensitizing agont called porfimer sodium, or Photoftins®, to reliove
svmptoms of esophageal cancer that 1s causing an obstruction and for esophageal cancer
that cannot be satisfactonly treated with lasers alone. In January 1998, the FDA approved
porfimer sodian for the treatment of carly nonsmall cell himg cancer in paticnts for whom
the usual treatments for hung cancer are not appropriate. The National Cancer Institute and
other institutions are supporting clinical trials (rescarch studies) 1o evaluate the use of
photodynamue therapy for several types of cancer, mclhuding cancers of the bladder, brain,
larynx, and oral cavity.

n vet another estbodiment, laser therapy s used o hataess high-otensity Hght to
destroy cancer cells. This teclnique 15 often used to relieve symptovs of cancer such as
bleeding or obstruction, especially when the cancer cannot be cured by other treatments. It
may also be used to treat cancer by shrinking or destroving tumors, The term “laser” stands
for Hight woplification by stimulated emission of madiation. Ovdinary light, such as that
from a light bulb, has many wavelengths and spreads dn all divections. Laser hight, on the
other hand, has a specific wavelength and is focused in a navrow beam. This type of high-
mtensity lght contains 3 {ot of encrgy. Lasers are very powertud and may be used to ot
through stecl or to shape diamonds. Lasers slse can be used for very prectse surgical work,
such as repairing a damaged reting in the eve or cutting through tissue (o place of a
scalpel}. Although there are several different kinds of lasers, only three kimds have ganed
wide use in medicine: Carbon dioxide (CO,) laser--This type of laser can remove thin

layers from the skin's surface without penetrating the deeper lavers. Thus technique is
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particutary useful in treating tumors that have not spread deep into the skin and certain
precancerous conditions.  As an alternative to traditional sealpel swrgery, the CO; laser is
also able to ot the skin. The laser 1s ased i this way 10 remove skin cancers,
Neodyonupuyttrium-alaminmum-garnet (Nd Y AG) laser-- Light from this laser can penetrate
5 deecper into tssue than hght from the other types of fasers, and it can caase blood to clot
guickly. It can be camied through optical fibers o less accessibie parts of the body. This
type of laser is sometimes used to treat throat cancers. Argon laser--Thas laser can pass
through ondy superficial layers of tissue and 13 therefore useful m dermatology and m eye
surgery. It also is used with light~sensitive dyes o treat tumors i a procedure known as
10 photodvnamic therapy (PDT). Lasers have several advantages over standard surgical tools,
mcludimg: Lasers are more precise than sealpels. Tissue near an incision is protected, since
there is little contact with surrounding skin ov other tissue. The heat prodaced by lasers
steritizes the surgery site, thas reducing the nisk of infection, Less operating time may be

necded because the precision of the kaser allows for a smaller nciston. Healing time is

L

often shortened; since laser heat seads blood vessels, there s less bleeding, swelling, or
scarring. Laser surgery may be less complicated. For example, with fiber optics, laser light
can be directed to parts of the body without making a large incision. Mere procedurcs may
be done on an outpatient basis. Lasers can be used in two ways 1o treat cancer: by
shrinking or destroying a tumor with beat, or by activating a chenucal-known as a
A photosensitizing agent--that destroys cancer cells. In PDT, a photosensitizing agent is
retained i cancer cells and can be stimudated by Hght to cause a reaction that kills cancer
cells, €Oy and NAYAG lasers are used to shrink or destroy tomors. They may be used
with endoscopes, tubes that allow physicians to see into certain areas of the body, such as
the bladder. The light from some lasers can be transmitied through a fleable eadoscope
25 fitted with fiber optics. This allows physicians to see and work i parts of the body that
coudd not otherwise be reached except by surgery and therefore allows very precise aining
of the laser beam. Lasers also mayv be used with low-power microscopes, giving the doctor
a clear view of the site being treated. Lsed with other instruments, laser systoms can
produce a cutting area as small as 200 microns m diameter--tess than the width of a very
W fine thread. Lasers are used to treat many types of cancer. Laser surgery s a standard
treatment for cevtain stages of glottis (vocal cord), cervical, skin, hung, vaginal, vulvar, and
pentle cancers. In addition to i use o destrov the cancer, laser surgery s also used to help

relieve synptoms caused by cancer (palliative care). For examiple, lasers may be used to

- 94 -



WO 2016/057367 PCT/US2015/053933

it

L

21

[l
N

shrink or destrov a tumor that 1s blocking a patient's trachea (windpipe}, making it easier fo
breathe. | s also sometimes used for palliaton in colorectal and anal cancer. Laser-
mnduced interstitial thermotherapy (LITT) is one of the most recent developments in laser
therapy. LITT uses the same idea as a cancer treatment called hyperthermia: that heat may
help shrink tumors by damaging cells or depriving them of substances they need to Hive. In
thus treatment, lasers are divected fo interstitial arcas (areas between organs) in the body.
The faser ight then raises the teoperature of the tumor, which damages or destroys cancer
cells.

The duration andior dose of treatment with anti-imymure checkpoat therapies may
vary according fo the particyiar anti-imumune cheekpoint agent or combination thereof. An
appropriate treatment time for a particular cancer therapeutic agent will be appreciated by
the skalled artisan. The present invention contemplates the continued assessment of optimal
geatment sehedules for cach cancer therapeutic agent, where the phenotype of the cancer of
the subjoct as deternined by the methads of the present mvention s 3 factor i deternuning
optimal treatment doses and schedules.

Any means for the introduction of a polynucleotide info mammals, human or non-
husman, or eclls thereof may be adapted 1o the practice of this mvention for the delivery of
the various constructs of the present invention into the intended recipient. In one
embodiment of the present nvention, the DNA constructs are delivered to celis by
wansfection, Le., by delivery of “naked” DNA or m a complex with a colloidal dispersion
systerm. A colloidal system includes macromolecule complexes, nanocapsules,
microspheres, beads, and Hipid-based systems inchuding otbin-water emulsions, miceiles,
mixed nrcetles, and iposomes. The preferred colloidal system of this invention s a hipid-
cotplexed or Hposome-formulated DNA, in the former approach, prior to formaulation of
DNA, e g, with hipid, 2 plasmid containing a transgene bearing the desired DNA constructs
may first be expenimentally optimized for expression (e.g., inclusion of an intron in the §
antransiated region and elimination of unnecessary sequences (Felgner, et al, Ann NY
Acad Scr 126-139, 1995} Formudation of DNA, e g with various hipid or iposonie
materials, may then be offected using known methods and materials and delivered 1o the
recipiont mammal. See, e.g, Canonico ot al, Am 3 Respir Cell Mol Biol 10:24-29, 1994,
Tsan ot al, Am J Physiol 268, Alton ot al., Nat Genet. 5:135-142, 1993 and U.S. patent No.

3,679,647 by Carson et al,

- 95 -



WO 2016/057367 PCT/US2015/053933

The targeting of hposomes can be classified based on anatomical and mechamstic
factors. Anatormical classification is based on the level of selectivity, for example, organ-
spectfic, eclb-specific, and organelle-specific. Mechanistic tavgeting can be distinguished
based upon whether it is passive or active, Passive targeting utilizes the nataral tendency of

5 hposomes to distribate fo cells of the reticelo-endothelial system (RES} n organs, which
contain sinasoidal captilaries. Active targeting, on the other hand, wvolves alteration of the
liposome by coupling the hiposome to a specific ligand such as 3 monoclonal antibody,
sugar, glycolipid, or protem, or by changing the composition or size of the liposome in
order 1o achiove targeting to organs and cell types other than the naturally occwrring sites of

10 locabzation.

The surface of the targeted delivery system may be modified 1 a variety of ways.

In the case of a liposomal targeted delivery system, hpid groups can be incorporated into

the lipid bilayer of the Hiposome 1n order o maintain the targeting ligand in stabic

association with the liposomal bilaver. Various linking groups can he used for joimning the

L

lipid chams to the largeting ligand. Naked DNA or DNA assoaiated with a delivery
vehicle, e.g., iposomes, can be administered to several sites i a subject (see below),
Nueleie acids can be delivered in any desived vector. These inchude vival or non-
viral vectors, including adenovirus vectors, adeno-associated virus veotors, retrovirus
vectors, fentivirus vectors, and plasmid vectors. Exeraplary types of viruses melude HSV
A {herpes simplex viras), AAY (adeno associated viras), HIV (human immmunodeficiency
virus), BIV (bovine muounodeficicncy viras), and MLV (marine leukenia vires). Nueleic
acids can be administered in any desived format that provides sufficiently efficient delivery

levels, including in vires partictes, in liposomes, i nanoparticles, and complexed to

polymers,
38 The nucleie acids encoding a protein or nucleic acid of nterest may be in a plasoud

or viral vector, or other vector as 18 knows in the art, Such vectors are well known and any
can be selected for a particular application. In one embodiment of the present invention,
the gene delivery velucle coraprises @ promoter and a demetlylase coding sequence.
Preferred promoters are tissue-specitic promoters and promoters which are activated by

W cellular proliferation, such as the thymidine kinase and thymidylate synthase promoters.
Other preforred promoters include promoters which are activatable by mfection with a
virus, such as the o- and B-interferon promoters, and promoters which are activatable by a

hormone, such as estrogen. Other promoters which can be used nclade the Moloney virus
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LTR, the CMV promoter, and the mouse albunun promoter. A promoter may be
consttutive or inducible,

In another embodiment, naked polynacleotide molecules are used as gene delivery
vehicles, as deseribed i WO 90/11092 and ULS. Patent 3,580,839, Such gene delivery
vehicles can be either growth factor DNA or RNA and, in cortain embodiments, are linked
o killed adenovirus, Guriel et al, Hum, Gene, Ther. 3:147-154, 1992, Other vehucles
which can optionally be used include DNA-Hgand (Wu et al,, 1. Biol. Chem,

204 TOYRA-16987, 1989, ipid-DNA combinations (Felgner et al., Proc. Natl, Acad. Sel
USA 847413 7417, 1989), liposomes (Wang stal, Proc, Natl, Acad. Sci. 84:7831-7K33,
1987) and nucroprojectiles { Witliams of al., Proc. Natl, Acad, Sci. 88:2726-2730, 1991).

A gene delivery vehicle can optionally comprise viral sequences such as a vival
origin of replication or packaging signal. These viral sequences can be selected from
viruses such as astrovirus, coronavivas, orthormy xovirus, papovavirus, Paramyxovins,
PATVOVIFUS, PICOTRAVIFUS, POXVITUS, refrovirus, togavivus or adenovirus, In a preferred
embodiment, the growth factor gene delivery vehicle is a recombinant retroviral vector.
Recombinant refrovirnuses and various uses thereot have been described in numerons
references including, for example, Mann et al, Ciell 33:1353, 1983, Cane and Mulligan,
Proc. Nat'l Acad. Sci. USA 81:6349 1984 Miller et al,, Human Gene Therapy 1:5-14,
1994, 11LS. Patent Nos, 4405712, 4,861,719, and 4,980 289, and PCT Apphieation Nos.
WO RGG2 468, WO 89/05 349 and WO 90702 806, Numerous refroviral gene delivery
vehiclkes can be utilized i the present invention, including for example those described i
EP 6,415,731 WO B0/A07936; WO 94703622 WO 93/25605, WO 93/25234; US. Patent
No, 5,219,740, WO 9311230; WO 9310218; Vile and Hart, Cancer Res. 53:3860-3864,
1993; Vile and Hart, Cancer Reg. 33:962-067, 1993; Ram ¢t al., Cancer Res. 33:83-88,
1993; Takamiva et al., I Newrosci. Res. 33:493-503, 1992; Baba et al., }. Neurosurg.

T 729735 1993 {U S, Patent No. 4,777,127, GB 2,200,651, EP 0,345 242 and
WOU GRS

Other viral vector systenis that can be usedd to deliver a polvisucicotide of the presend
mvention have been dertved from herpes virus, eg., Herpes Simplex Virgs (ULS. Patent No,
5,631.236 by Woo et al., issued May 20, 1997 and WO 00/08191 by Newrovex], vacchua
viras (Ridgeway {1988) Ridgeway, "Mammalian expression vectors,” In; Rodriguez R L,
Denbardt DT, ed. Veocotors: A survey of molecular cloning vectors and themr uses.

Stoncham: Butterworth; Baichwal and Sugden (1986) “Vectors for gene wansfer derived
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from amimal DNA viruses: Transient and stable expression of transferred genes,” In
Kucherlapati R, ed. Gene wansfer. New York: Plenmum Press; Couopar et al. {1988) Gene,
6R:1- 14}, and several RNA viruses. Preferred virases include an alphaviras, a poxivirus, an
arend vires, a vaceinia virus, & polio vires, and the like. They offer several attractive
5 features for various msmmalian cells (Friednann (1989 Science, 244:1275-1281;
Ridoeway, 1988, supra; Baichwal and Sugden, 1986, sopra; Coupar ef al., 1988; Horwich et
al {1991 LVirol, 64:642-650),
in other embodiments, target DNA 1 the genome can be manipulated using well-
known methods in the art. For example, the target DNA in the genome can be manipdated
10 by delction, inscrtion, and/or mautation are retroviral insertion, arhificial chromosome
techmiques, gene nsertion, random msertion with tissue speetfic promoters, gene targeting,
wansposable elements andfor any other method for introdacing foreign DNA or producing
awxdified DNA/modified naclear DNA, Other modification techmigues swhede deleting

DNA sequences from a genome and/or sltering nuclear DNA sequences. Nuclear DNA

L

scquences, for example, may be altered by site-directed mutagenesis.

In other cmbodiments, recombinant biomarker polypeptides, and fragments thereof,
can be administered to subjects. {n some embodiments, fusion proteins can be constructed
and admunistered which have enhanced biological properties. In addition, the biomarker
polypeptides, and fragment thereof, can be modified according to welb-known
Ay phammacological methods in the art{e g, pegyiation, glveosylation, oligomerization, erc.} in
order fo further cohance desirable biological activitics, such as inorcased bioavailability and

decreased proteolytic degradation,

4. Clingal Efficacy
25 Clinical efficacy can be measured by any method known in the art. For example,

the response to a thevapy, such as anti-imune checkpomt therapies, relates 1o any response
of the cancer, ¢z, a tumor, to the therapy, preferably o a change in tumor mass andfor
volume after ittmation of neoadjuvant ot adjuvant chemotherapy. Tumor response may be
assessed in 8 neoadjuvant or adjuvant situation where the size of a tnor after systemic

W imtervontion can be compared o the iitial size and dimensions as measured by CT, PET,
manmmegram, wirasound or palpation and the celhudarity of a tumor can be estimated
histologically and comnpared to the cellularity of a tumor biopsy taken before imitiation of

weatment. Response may also be assessed by caliper measurement or pathological
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examination of the tumor after biopsy or surgical resection. Response may be recorded in a
quantitative fashion like percentage change in nimor volume or celtularity or using a senu-

guantitative scoring system such as residual cancer byrden (Syemans ef ol S Clin. Oneol.
{2007) 25:4414-4422 ) or Miller-Payne score (Qgston ef al | (2003 ) Sreast {Edinburgh,

5 Secotland) 12:320-327) in & qualitative fashion like “pathological complete respomse”™
{pCR), “climical complete remission”™ (eUR), “clinical partial remission” (cPR), “clhinical
stable discase™ (¢SD), “chinical progressive disease™ (cPD) or other qualitative critenia.
Assessment of tumor response may be performed early after the onset of necadyavant or
adjuvant thevapy, e.g., after a fow houes, days, weeks or preferably afior a fow months, A

10 typieal eadpomnt for reaponse assessiment i upon termination of necadjuvant chemotherapy

or upon surgical removal of residual tumor cells and/or the tumor bed.

In some embodiments, chinical efficacy of the therapeotic treatments described
herein may be defermined by measuaring the climical benefit rate (CBR). The clinical

benefit rate 1s measured by deternuning the sum of the percentage of patients who are in

L

complete repussion {CR}, the number of patients who are m partial remission (PR) and the
munber of patients having stable disease (81 at a time point af least & months ot from the
end of therapy. The shorthand for this formuls is CBR=CRAPR+SD over 6 months. In
some embodiments, the CBR for a particular anti-impume checkpoint therapeutic regimen
is at feast 2596, 30%, 35%, 400G, 45%, S0%, S5%%, 60%, 65%, TO%, 75%, BO%, 83%, or

2 more.

Additional eriferia for evaluating the response to anti-inumane checkpoint therapics
are velated 1o “survival,” which mclades all of the following: survival until mortality, also
known as overall survival {wherein sad mortality may be etther trespective of cause ov
tamor related); “recuwrrence-free survival” (wherein the term recurrence shall include hoth
35 localized and distant recurrence); metastasis free survival: disease free survival (wherein

the term disease shall inctude cancer and diseases assoctated therewith), The length of said
survival may be calculated by reference fo a defined start point (e g, time of diagnosis or
start of treatnent) and end point {e.g., death, recurrence or metastasis). In addition, criteria
for efficacy of treatment can be expanded to include respounse 1o chemotherapy, probability
W of survival, probahility of metastasis within a given time peried, and probability of tumor
TOCUITERCE,
For example, in order to determine appropriate thresheold values, a particudar anti-

immune checkpoint therapeutic regimen can be administered to a population of subjects and
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the outcome can be correlated to biomarker measurements that were determined prior to
adnuinistration of any ant-inmune checkpomt therapy. The oulcome measwrenment may be
pathologic response to therapy given in the neoadpevant setting, Alternatively, outcome
measures, such as overall survival and disease-free survival can be monitored over a period
5 of ume for subjects following anti-imnune checkpoint therapy for whom biomarker
measuretment values are known. In certam embodiments, the same doses of anti-immune
checkpoint agents gre admunistered (o cach subject. In related embodiments, the doses
administered are standard doses known i the art for anti-immune checkpomt agents. The
period of time for which sabjects are monitored can vary. For example, subjects may be
10 monitored for atleast 2, 4, 6, &, 10, 12, 14, 16, 1§, 20, 25,30, 35, 40, 45, 50, 53, or 60
months. Biomarker measurement threshold values that correlate to outeome of an anti-
immune checkpoint therapy can be deternuned using methods such as those deseribed in

the Examples scetion,

Lo
&4

5. Further Uses and Methods of the Present Invention

The compositions described bherein can be used in a variety of diagnostie,
prognostic, and therapeatic apphications. In any method described heren, suchasa
diagnostic method, prognostic method, therapeutic method, or combination thereot, all
steps of the method can be performed by a single actor or, alternatively, by more than one
A actor. For example, diagnosis can be performed directly by the actor providing thevapeutic
aeatroent. Alternatively, & person providing a therapestic agent can request that a
diagnostic assay be performed. The diagnostician andior the therapeutic interventionist can
nterpret the diagnostic assay results to deternune a therapeutic siategy. Simlarly, such
altermative processes can apply fo other assavs, such as prognostic assays,

38 a. Screeming Methods

One aspect of the present invention relates to screcning assays, ncloding son-cell
hased assays. In one cmbodiment, the assays provide a method for identifving whether a
cancer is hkely to respond to anti-tramune checkpoint therapy andfor whether an agent can
mhibit the growth of or kill a cancer ccll that is unlikely 1o respond to anti-ioumune

W checkpoint therapy.

n cue enbodimed, the present invention relates to assays for serooning tost agents

which bind to, or modulate the biological activity of, at least one nomarker listed in Table
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1 I one embodiment, a method for wdentifving such an agent entails determining the
ability of the agent to modaelate, e.g. inhibit, the at teast one biomarker histed 1o Table 1.
In one cmbodiment, an assay 1s a cell-free or cell-based assay, conmprising
contacting at least one biomarker listed in Table 1, with a test agent, and determining the
5 abibity of the test agent to modulate (e g inhibit) the enzymatic activity of the biomarker,
such as by measuring divect binding of substrates or by measuring indirect parameters as
deseribed below.
For example, in a direct binding assay, biomarker protein (or their respective target
palypeptides or molecules) can be coupled with a radicisotope or enzymanc label such that
10 hinding van be deternmned by detecting the labeled protein or molecule in a complex. For
example, the targets can be labeled with 'L, 7S, C, or “H, cither dircetly or indirectly,
and the radivisotope detected by direct counting of radioemnussion or by scintliation
counting. Alternatively, the targets can be cazymatically labeled with, for example,

horseradish peroxidase, atkaline phosphatase, or luciferase, and the enzymatic label

L

detected by determination of conversion of an appropriate substrate o product.
Determining the intoraction between biomarker and substrate can also be accomplished
using standard binding or enzymatic analysis assays. In one or more embodiments of the
above described assay methods, 1t may be desirable to immebilize polypeptides or
motecules to facilitate separation of complexed from encomplexed forms of one or both of
A dhe proteins or molecudes, as well as o accommodate automation of the assay.

Binding of a test agent o a target can be accoroplished in any vessel saitable for
containing the reactants. Non-hniting examples of such vessels include microtiter plates,
test tshes, and micro-centrifuge tebes. hnmobilized forms of the anthodies of the present
myention can also include antthodics bound to a solid phase like a porous, microporous
35 {with an average pore dianteter less than about one micron) or macroporous {with an

average pore diameter of more than sbout 10 mucrons) material, such as a membrane,
cellulose, nitrocellulose, or glass fibers; a bead, such as that made of agarose or
polvacrylamide or fatex; or a surface of a dish, plate, or well, such as one made of
polvstyrene.
Y In an altemative embodiment, deternuning the ability of the agent to modulate the
interaction between the blomarker and a sabsirate or a biomarker and #s natural binding
partner can be accomplished by determuining the ability of the tost agent to modulate the

getvity of a polypeptide or other product that functions downstream or upstream of is
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position within the signaling pathway (e, feedback loops). Such feedback foops are well-
known in the art (see, for example, Chen and Guoitlenun (2009} Ins J. Tryprophan Res. 2:1-
19).

The present invention further pertains to novel sgents identified by the above-

5§ described screening assays. Accordingly, it is within the scope of dus invention to further
ase an agent identified as described herein in an appropriate animal model, For example,
an agent identified as described herem can be used 1 an animal model to determine the
efficacy, toxicily, or side effects of treatment with such an agent. Alternatively, an
antibody identified as deseribed herein can be used in an animal model to determine the

10 mecharsm of action of such an agent.

b. Predictive Medicine
The present invention also pertaing to the field of predictive medicine i which
diagnostic assays, progaostic assays, and monitoring clinical trials are used for progoostic

{predictive} purposces to thereby treat an individual prophylactically. Accordingly, one

L

aspect of the present mvention relates to diagnostic assays for determimmg the amount
andfor activity level of a biomarker histed in Table | in the context of a biclogical sample
{e.g., blood, scrum, cells, or tissue} to thereby detcrmine whether an individaal afflicted
with a cancer is hikely to respond to anti-mmune checkpoint therapy, whether in an original
or recurrent cancer. Such assays can be used for progrostie or predictive purpose to
A therebhy prophylactically treat an individual prior to the onset or after requrrence of a
disorder characterized by or assoetated with bipmarker polypeptide, mucleic acid expression
or activity. The skilled artisan will appreciate that any method ean use one or more (2.¢.,
combinations) of biomarkers histed 1 Table 1,
Another aspect of the present invention pertains fo moniforing the influence of
25 agoents {e.g., drugs, compounds, and small nucleie acid-based molecules) on the expression
or activity of a biomarker histed in Table 1. These and other agents ave deseribed i further
detail in the following sections.
The skilled artisan will alse appreciated that, m cortam embodiuments, the methods
of the present invention himpleniont a comyputer program and computer system, For
W cxample, a computer program can be used to perform the alporithms desertbed herem., A
computer system can also store and manipulate data genevated by the methods of the
present invention which comprises a plurality of biomarker signal changesiprofiles which

o
can be used by a computer system in implementing the methods of this mvention. In
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cevtain embodiments, a computer syster receives biomarker expression data; (i) stores the
data; and (111) compares the data in any namber of ways described herein (e.g., analysis
relative to appropriate controls) to determine the siate of mformative biomarkers from
cancerous of pre~cancerous tissue. In other embodiments, a computer system (1} compares
5 the deternined expression biomarker fevel to a threshold vahse; and (i) outputs an
sudicatton of whether said biomarker level 13 stgnificantly modulated {e.g., above or below)
the threshold value, or a phenotype based on said indication.
In certam embodiments, such computer systems are also considered pant of the
present wvention. Ninnerous tyvpes of computer systems can be used to smploment the
16 analviic methods of this invention according to knowiedge possessed by a skilled artisan in
the biomnformatics and/or computer arts. Several software components can be loaded o
memory during operation of such a computer system. The software components can
comprise both seffware componeats that are standard 1a the art and components that are

special to the present tnvention {e.g., dCHIP software deseribed 1 Lin er ol (2004)

L

Biginformatios 20, 1233-12440; radial basis machine learning algovithms (RBM) known in
the art).

The methods of the present invention can also be programmed or modeled
mathematical software packages that alfow symbolic entry of equations and lugh-fevel
specification of processing, including specific algorithms to be used, thereby freeing a user
A of the need o procedurally program mdivideal equations and algorithms, Such packages
inchade, e.g., Matlab from Mathworks (Natick, Mass.), Mathematica from Wolfram
Rescarch {Champaign, LY or S-Phos from MathSoft {Seattle, Wash. ),

In certain embodiments, the compater comprises a database for storage of
biomarker data. Such stored profiles can be secessed and wsed to perform comparisons of
25 inferest at a later point In time. For example, biomarker expression profiles of a sanple

dertved from the non-cancerous tissue of a subject andfor profiles generated from
population-hased distributions of informative loci of interest in relevant popalagons of the
same species can be stored and later compared o that of a sample derived from the
cancorous tissuc of the subjoct or tissue suspected of boing cancerous of the subject.
Y In addition to the exeraplary program structwres and computer systerms deseribed
herein, other, altornative program structures and computer systems will be readily apparent

to the skilled artisan. Such alternative systems, which do not depart from the above
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deseribed computer systemn and programs structures cither in spivit or in scope, are therefore
intended 1o be comprebended within the accompanying claims.

¢. Diagnostic Assays

The present invention provides, in part, methods, systems, and code for accurately

5 classifving whether a biological sample is associated with a cancer that is Hkely to respond

to anti-inpaene checkpoint therapy. In some embodiments, the present nvention is useful
for classifying a sample {e. g, from a subject} as associated with or ai risk for responding to
or not responding o anti-iynune checkpoint therapy using a stanistical algonithm and/or
crpirical data (g, the amowat or activity of a biomarker Hsted in Table 1)

i An exemplary method for detecting the amount or activity of a biomarker histed in
Table 1, and thus useful for classifying whether a sample 1s likely or undikely to respond to
anti-tnunone checkpoint therapy fnvolves obtaining a biological sample from a test subject
and confacting the biclogical sample with an agent, sach as a protein-binding agent like an

antthody or antigen-binding fragnient thereof, or 8 nucleic acid-binding agent bike an

L

oligonucicotide, capable of detecting the amount or activity of the biomarker i the
hiological smuple. {n some embodiments, at least one antibody or antigen-binding
fragment thereof s used, wherein two, three, four, five, six, seven, cight, ning, fen, or more
such antibodies or antibody fragments can be used in combination (e g, n sandwich
ELISAs) or in serial. In certain instances, the statistical algorithm s a single learning
A statistical classifier system. For example, a single learming statistical classifier svstem can
be used to classify a sample as a based upon a prediction or probability value and the
presence or level of the biomarker. The use of a single learning statistical classifier system
typically classifies the sample as, for example, a likelv ant-immune checkpoint therapy
responder or progressor sample with a sensitivity, specificity, positive predictive value,
25 necgative predictive value, and/or overall accuracy of at least about 753%, 76%, 77%, T8%,
T, 80%, B1%, 82%%, B3%, 849G, R, 86%, 87%, {8%, 89%,, 9004, 91, 92%, 93%,
0485 5%, 96%%, 97, Y8%, or 905,
{ther suitable statistical algorithms are well kaown to those of skill w the art,
For example, learning statistical classitier systems include a machine learning slgorithmic
3 technique capable of adapting o coroplex data sets (e.g., panel of markers of interest) and
making decisions based upon such data sets. In some eobodiments, a single learning
statistical classifier systcin such as a classification tree {e.gz, randon fovest) s used. In

-

other embodiments, a combnation of 2, 3, 4, 5, 6, 7, 8, 9, 10, or wmore lewrning statistical
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clagsifier systems are used, preforably in tandem. Examples of learming statistical classifier

systems include, but are not limited to, those asing inductive leaming {e.g.,
decisionsclassitication trees such as random forests, classification and regression trees
{C&RT), boosted frees, efe.), Probably Approximately Correct {PAC) leaming,

5 connectionist learning {e.g., neural networks (NN}, artificial neural networks { ANN), neuro
fazzy networks (NFN), network structures, pereepirons such as nrdii-layer perceptrons,
muiti-laver feed-forward networks, applications of neural networks, Bayesian leaming i
behief networks, ete.), reinforcement leamung (e, passive learning In a known
cavironment such as natve learning, adaptive dynanmic leaming, and temporal difference

10 lcarning, passive learning in an unknown enviromment, active learming in an unknown

enviromment, learning action-value fumctions, apphications of reinforcement learning, ete.},

and genetic algoridums and evolationary progravmming. Other fearning statistical clagsifier
systems include sapport vector machines {e.g., Kemel mothods), multivanate adaptive

regression splines (MARS), Levenberg-Marquardt algorithms, Gauss-Newton algorithms,

L

mixtures of Gaussians, gradient descent alporithms, and learning vector quantization
(LVQ). In cortain embodiments, the method of the present invention further comprises
sending the sample classification reselts to a clinician, eg., an oncologist.

In another embodiment, the diagnosis of a subject is followed by administering to
the mndividual a therapeatically effective amount of a defined treatment based upon the
Ay diagnosis.

I one eabodiment, the methods farther tavolve obtaining 3 control biological
sample {e.g., biological sample from a subject who does not have a cancer or whose cancer
is susceptible to anti-imnne checkpoint therapy, a biological sample from the subiject
during remission, or a biological sample from the subject during treatment for developing a
25 cancer progressing despife anti-inumune checkpoint therapy.

d. Prognostic Assays
The diagnostic methods deseribed herein can farthermore be utitized to identify
subjuets having or af risk of developing a cancer that is likely or unlikely o be responsive
to anti-inymune checkpoint therapy. The assavs described heremn, such as the preceding
Wy diagnostic assays or the following assays, can be ntilized to identifyv a subjeet having or at
risk of developing a disorder associated with a misregudation of the amount or activity of at
least one biomarker deseribed in Table 1, such as in cancer. Alternatively, the prognostic

assays can be utulized to identify a subject having or at visk for developing a disorder
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associated with a misregulation of the at least one biomarker deseribed iy Table 1, such as
in cancer. Furthermore, the progrostic assayvs described herein can be used to determine
whether s sulyject can be adminstered an agent (e g, an agonist, antagonist,
peptidopumetic, polypeptde, peptide, nucleie acid, small molecule, or other drug
5 candidate) to treat a disease or disorder assoctated with the aberrant biomarker expression
OF activiiy,
¢. Treatment Methods
The compositions described herein (including dual binding antibodies and
derivatives and conjugates theroof can be used in a vartety of én vivre and in vivo
10 therapeutic apphications using the formulations andfor combinations deseribed herein. In
one embodiment, anti-inumnune checkpoint agents can be used to freat cancers deternuned to
he responsive thereto, For example, antibodies that block the interaction between PD-L1,
PD-L2, and/or CTLA-4 and their receptors {eg., PD-L1 binding to PD-1, PD-L2 buxling to
PD-1, and the like) can be used to treat cancer n subjects wentified as ikely respondmng

thereto.

L

. Pharmaceutical Compositions

In another aspect, the present invention provides pharmaceutically acceptable
compositions which comprise a therapeutically-cffective amount of an agent that modulates
A {ey, decreases) hiomarker expression andfor activity, formulated together with one or
mwre pharmaceutivcally acceptable camiers {additives) andfor diluents. As described in
detail below, the pharmaceuntical compositions of the present invention may be specially
fornusdated for administration in solid or Liquid form, inchiding those adapted for the
following: (1) oral admimisteation, for example, drenches {aguecus of non-agueous
25 solutions or suspensions), tablets, boluses. powders, gramules, pastes; {2 parenteral

administration, for example, by subcutancous, biframuscubar or intravenous injection as, for
example, a stertle solution or suspension; (3) topical apphication, for example, as a cream,
ointment or spray apphied to the skin; (4} mtravaginally ot mtrarectally, for example, as a
pessary, eream o foamy; or (53 acrosol, for example, as an aqueous aerosol, liposomal
3} preparation or solid particles contaming the compound.
The phrase “therapowticallyv-effective amoant” as used herein means that amount of
an agent that modulates {e. g, inhibits} biomarker expression and/or gotivily, or expression

and/or activity of the complex, or composition conyprising an agent that madudates (e.g.,
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mhihits) biomarker expression and/or activity, or expression andfor activity of the complex,
which is effective for producing some desired therapeutic effect, e, cancer treatment, at a
reasonable benefit/risk ratio,

e

The pbrase “pharmaceutically acceptable™ is enploved hercin to refor to those
5§ agents, materials, compositions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissuecs of human beings and aniroals
without excessive toxicily, imifation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio.
The phrase “pharmaceatically-acceptable carmier”™ as used herein means a
10 phamacecuticallv-acceptable material, composition or vehicle, such as a Hgud or selid
filler, dituent, e.xcipiem, solvent or encapsulating matenial, involved In carrying or
transporting the subject chenucal from one organ, or portion of the body, to another organ,
ot pottion of the body. Each carrier must be “acceptable™ i the sense of being conmpatible

with the other mgredients of the formudation and not njurious 1o the subject, Some

L

examples of materials which can serve as pharmaceutically~-acceptable camiers mcluder (1)
sagars, such as lactose, glucose and sucrose; {2} starches, such as corn starch and potato
starch; €3} celhdose, and its derteatives, such as sodaam carboxymethyl cellulose, ethyl
gellulose and cellulose acetate; (4) powdered tragacanth; {57 malt; (6} gelatiny; {7 tale; (8}
excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut oil,
2 cottonsced o, safffower oif, sesame oil, olive oil, com oif and sovbean oil; (10} glveols,
such as propylene ghycol; {11} polyvols, such as glyvcerin, sorbitol, mannitol and
polvethylene glvcol; (12) esters, such as ethyl ofeate and ethyt fawrate; (13) agar; (14)
buffering agents, such as magnesiwn hvdroxide and atemnum hydroxide; (15 alginic acid;
{16) pyroger-free water; {17} isotonic saline; {(13) Ringer's sofution; (19) cthyi alcohol; (20)
25 phosphate buffer solutions; and (21) other non-~toxic conpatible substances enployed in
pharmaceutical fornudations.

The term “pharmaccuticallv-acceptable salts™ refors to the relatively non-toxic,
morganic and organie acid addition salts of the agents that medulates {e.g., inhibits}
biomarker expresston andfor activity, or expression amdior activity of the complex

W cncompassed by the present mvention. These salts can be prepared in sity during the final
selation and purification of the respiration ancoupling ageais, or by separately reacting a
puritied respiration uncoupling agent in is free base form with a suitable organic or

inorganic acid, and isolating the salt thus formed. Representative salts melude the
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L
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N

tvdrobromide, hydrochlonde, solfate, bisulfate, phosphate, nitrate, acetate, valerate, oleate,
palmitate, stearate, laurate, henwoate, lactate, phosphate, tosylate, cirate, maleate, finarate,
succinate, tartrate, napthyvlate, mesylate, glucoheptonate, lactoblonate, and lauryisulphonate
salts and the hike (See, for oxample, Berge er gl {1977) “Pharmaceutical Salts™, /L Pharm.
Sei, 66:1-19).

in other cases, the agents vsefid in the methods of the present rvention tway contain
one or more acidic functional groups and, thus, are capable of forming pharmaceuntically-
acceptable salts with pharmaceutically-acceptable bases. The term “pharmaceutically-
acceptable salts” in these nstances vefers {o the relatively non-toxic, norganic and organic
base addition salts of agents that modulates {e.g., inhubis) biomarker expression andfor
activity, or expression andfor activity of the complex. These salts can likewise be prepared
i situ during the final isolation and porification of the respiration uncoupling agents, or by
separately reacting the punified respiration uncoupling agent i its free acid formwith a
suitable base, such as the hydroxide, carbonate or bicarbonate of a pharmaceutically-
acceptable metal cation, with anwnonia, or with a pharmaceutically-acceptable organic
primary, sceondary or tertrary amine. Representative alkali or alkaline carth salts include
the hithium, sodiam, potassiam, calciom, magnestam, and alemimum salts and the like,
Representative orgamic amines useful for the formation of base addition salis include
ethylamine, dicthylamine, ethylenediamine, cthanolanune, dicthanolanune, piperazine and
the tike (see, for example, Berge er ol supra).

Weitng agensts, cinpdsifiers and hdbricants, such as sodiam lgoury! sulfate and
magheston stearate, as well as coloring apents, release agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxidants can also be present in the
COMpOSHIonS.

Examples of pharmaceutically-accepiable antioxidants include: (1} water soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the bke: (2) otl-soluble anttoxadants, such as ascorbyl
pahmifate, butviated bydroxyanisole (BHA), butylated bydroxytoluene (BHT), lecudun,
propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating agents, such as aitric
acid, ethylenediamine totraacetic ackd (EDTA), sorbitol, tartanic acid, phosphoric acid, and
the like.

Foronwlations usciul in the mctheds of the present invention include those suitable

for oral, nasal, topical Gnctuding buecal and sublingual), rectal, vaginal, acrosol andfor
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parenteral adounistration. The formulations may convermently be presented nonit dosage
form and may be prepaved by any methods well known in the ant of pharmacy. The amount
of active mgredient which can be combined with a camier material o produce a single
dosage form will vary depending upon the host being treated, the particular mode of
5 administation. The amount of active ingredient, which can be combined with a carner
mwferial to produce a single dosage form will generally be that amount of the compound
which produces a therapeutic effect. Generally, out of one hundred per cent, this amount
will range from about T per cent to about minety-nine percent of active ingredient,
preferably from abouwt 3 per cent to about 70 per cent, most preferably from about 10 per
10 comtto about 30 per cent
Methods of preparmg these formwlations or compositions include the siep of
bringing into association an agent that modulates {e.g., inhibits) biomarker expression
anddior activity, with the carrier and, optionally, one or more accessory mgredients, In

general, the formulations are prepared by uniformly and intunately bringing inte association

L

a respiration uncoupling agent with hquid camiers, or finely divided solid camers, or both,

and then, ifnecessary, shaping the product,

Formulations suitable for oral administration may be in the form of capsules,
cachets, pills, tablets, lozenges (using a flavored basis, usually sucrose and acacia or
tragacanth), powders, granales, or as a solation or a suspension i an agueous or non-

A aqueous liquid, or as an oil-in~water or water-i-oi! liquad enmudsion, or ag an ehixiv or syrup,

ot as pastilles (using an incrt base, such as gelatin and glyeerin, or sucrose and acacia)

andfor as mouth washes and the hke, each contmning a predetermined amount of a

respivation uncoupling agent as an active ingredient. A compound way also be administered

as a bolus, electuary or paste.

25 in solid dosage forms for oral administration (capsules, tablets, pills, dragees,
powders, gramsdes and the like), the active ingredient 1s mixed with one or more
pharmacewticatly-acceptable carriers, sach as sodivm citrate or dicalehum phosphate, andfor
any of the following: (1} fillers or extenders, such as starches, lactose, sucrose, glucose,
mannitol, anddor stlicie acid; (2) binders, such as, for example, carboxyvmethvlcelulose,

W alginates, gelatin, pobevinyl pyrralidone, suerose andfor acacia; (3) humectants, such as

glycorol; (4) disintegrating agents, such as agar-agar, calciom carbonate, potato or tapioca

starch, alginic acid, certain silicates, and sodium carbonate; (3} solution retarding agents,

such as paraffing (6} absorption accelerators, such as quaternary ammonium compowds; {7)
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wetting agents, such as, for example, acetyl aleohol and glycerol monostearate; ()
absorbents, such as kaolin and bentonite clay; (9) lubricants, such a tale, calcium stearate,
magnhesian stearate, solid polvethvlene glveols, sodiom laary! sulfate, and mixtores
thereof, and (1) coloring agents. In the case of capsules, tablets and pills, the
pharmacewtical compositions may also comprise buffermg agents. Sohd compositions of a
stoniar type may also be euwployed as Gllers m soft and bard-filled gelatin capsudes using
such excipients as lactose or milk sugars, as well as high molecular weight polyethvlene
glycols and the like.

A tablet mayv be made by compression or malding, optionally with one or mare
accessory ngredients, Compressed tablets may be prepared asing binder (for example,
gelatin or hydroxypropylmethyl celhddose ), lubricant, inert diluent, preservative,
disintegrant (for example, sodium starch glveolate or cross-linked sodivm carboxymethyl
cellulose), swrface-active or dispersing agent. Molded tablets may be made by molding ma
suitable machine a mixture of the powdered peptide or peptidomimetic moistened with an
nert Hgmd diluent.

Tablets, and other solid dosage forms, such as dragees, capsales, pills and granules,
may optionally be scored or prepared with coatings and shells, sach as enteric coatings and
other coatings well known in the pharmaceutical-formulating art. They may also be
formulated so as to provide slow or controlfed refease of the active ingredient therein using,
for example, hydroxypropylimethyl celtulose in varying proportions to provide the desived
release profile, wther polvmer matrices, Hposmnes andféor macrospheres. They may be
stertfized by, for example, fittration through a bacteria-retabmng filter, or by incorporating
sterifizing agents i the form of sterile solid compositions, which can be dissolved in sterile
water, of some other sterile injectable medium immediately before use, These compuositions
may also optionally contain opacifying agents and may be of a composttion that they
refease the active ingredient{s) only, or preferentially, in a certain portion of the
gastrofntestinal tract, optionally, in a delayed manner. Examples of embedding
compositions, which can be used include polymeric substances and waxes. The active
mgredient can also be in micro-encapsulated form, if appropniate, with one or more of the
ahove~described excipionts.

Liquid dosage forms for oral administration mchude pharmaceutically acceptable
emuisions, microemulsions, solutions, suspensions, syrups and clixirs. In addition to the

getive ingredient, the liquid dosage forms may contain inert diluents commonty used in the
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art, such as, for example, water or other sobvents, solobilizing agents and emudsifiers, such

as ethyl alcohol, sopropyt aleohol, ethyl carbonate, ethyl acetate, benzyl aleohol, benzyl

henzoate, propylene gheol, 1,3-batylene glycol, oils {in particalar, cottonseed, growndnat,

corn, germ, olive, castor and sesame oils), ghyeerol, tetrabydrofinyl aleohol, polyethylene
5 glhyeols and faty acid esters of sorbitan, and mixtwes thereof.

Bestdes mert diluents, the oral compositions can also imclude adpuvants such ag
wetling agents, emulsifying and suspending agents, sweetening, Hlavoring, coloring,
perfuming and preservalive agents.

Suspensions, m addition to the active agent may contain suspending agents as, for

10 cxample, cthoxyiated isostearyi alcohols, polvoxvethylene sorbitol and sorbitan esters,
nucrocrystatline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth,
and mixtures thereof.

Formudations for rectal or vaginal adminisiration may be prosented as a suppository,

winch may be prepared by mixing one or more respiration uncoupling agents with one or

L

more suttable nomirrtating excipients or carmiers comprising, for example, cocoa butter,
polyethylens shycol, a sappostiory wax or a salicvlate, and which is solid at room
temperafire, but Liquid at body temperabre and, therefore, will melt in the rectum or
vaginal cavity and relcase the active agent.
Formudations which are suitable for vaginal administration also melude pessaries,
A ampons, creams, gels, pastes, foams or spray formudations containing such carrers as are
known in the art to bo appropriate.

Dosage forms for the topical or transdernial administration of an agent that
modutates (e.g., mhibits) blomarker expression andéor activity nclode powders, spravs,
aintments, pastes, creams, lotions, gels, solutions, patches and inhalants, The active

25 component may be mixed under sterife conditions with a pharmaceutically-acceptable
carrier, and with any preservatives, buffers, or propellants which may be required.

The ointments, pastes, creams and gels may contain, in addition to a respiration
ancoupling agent, cxcipients, such as suimal gud vegetable fats, ails, waxes, paraffins,
starch, tragacanth, cellulose dervatives, polyethyviene glveols, silicones, bentoniices, silicic

3 awmd, ale and zmme oxide, or nuxtures thereos.
Powders and sprays can contain, in addition to an agent that modulates {e.g.,
hibits} biomarker expression and/or activity, excipients such as lactose, tale, silicie acid,

aluminoem hydroxide, caleium silicates and polyamide powder, or mixtures of these
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substances. Sprays can addionally contain customary propeflants, such ag
chlorofluorohydrocarbons and volatile ansobstinged hydrocarbons, such as butane and
propane,

The agent that modulates (e g, nhibits) bromarker expression andior activity, can

5 be alternatively administered by acrosol. This s accomplished by preparing an aqueous

acrosol, Hiposomal preparation or solid particles containing the compound. A nonagueous
{e.g., fluorocarbon propellant) suspension could be used. Sonic nehulizers are preferred
because they nunimize exposing the agent to shear, which can result in degradation of the
compound.

i Ordinarily, an agucous acrosod s made by formdating an agueous sohution or
suspension of the agent together with conventional pharmaceutically acceptable carriers and
stabilizers. The carriers and stabilizers vary with the requirements of the particalar
compowad, but typically mclude nonionic surfactants {Tweens, Pluronies, or polyetinlene

glveol), innocuous proteins ike serum albumin, sorbitan esters, oleie acid, lecithin, amino

L

cenerally are

Lo o

acids such as glycine, buffors, salls, sugars or sugar alcohols. Acrosols
prepared from isotomic sohitions.

Transdermal patches have the added advantage of providing controlled delivery of a
respiration uncoupling agent to the body. Such dosage forms can be made by dissolving or
dispersing the agent in the proper medium. Absorption enhancers can also be used to
A perease the flox of the peptidonumetic across the skin. The rate of such fhux can be
cantrotled by cither providing a tate controlling membrane or dispersing the
peptidomimetic i a polymer matrix or gel.

Ophthaloue formulations, eve omtments, powders, solutions and the fike, are also
contemplated as being within the scope of this tvention
25 Pharmacewtical compositions of this Invention suitable for parenteral admimstration

COMPIISS ORC OF more respiration uncoupling agents in combination with one or more
pharmacewticatv-acceptable sterile isotonic aqueous or nonagaeous solutions, dispersions,
suspensions or cmlsions, or sterile powders which may be reeonstituted o sterile
mjectable sohutious or dispersions just priot to use, which way contain sdioxidants,
) buffers, bacteriostats, solutes which render the formulation isotomic with the Mood of the
mitended recipient or suspending or thickening agents,
Examples of suitable aguecus and nonaquenus carriers whiclh may be emploved in

the pharmaceutical compositions of the present invention include water, ethanol, polyols
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{such as glycerol, propylene glyeol, polyethylene glyeol, and the hike), and suitable

mixtares thereof, vegetable oils, such as olive oil, and imectable organic esters, such as

cihyi oleate. Proper fluidity can be maintained, for example, by the use of coating matersals,

such as lecithin, by the maintenance of the required particle size in the case of dispersions,
5 and by the use of surfactants.

These compositions may alse comtain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of the action of
microorganisims may be ensured by the inclusion of vanous antibacterial and antifungal
agents, for example, paraben, chlorebutanod, phenol sorbie acid, and the like. o may also be

10 desirable to inclade isotonic agents, sach as sagars, sodium chloride, and the like into the
compositions. In addition, prolonged absorption of the injectable pharmaceutical form may
bhe brought about by the inclusion of agents which delay absorption such as aluminem
monostearate and gelating

in some cases, n order to prolong the offect of a drug, itis desirgble to slow the

L

absorption of the drug from subeutaneous or mramuscular injection. This may be
accomplished by the use of a hiquid suspension of crystattine or amorphous material having
poor water solubility. The rate of absorption of the drug then depends spon s rate of
dissalution, which, in tum, may depend upon crystal size and crystallme form.
Alternatively, defayed absorption of a parenterally-administered drag form 1s accomplished
A by dissolving or suspending the drug 1n an ol vehicle.
fnjectable depot forms are made by formmag microcacapsele matrices of an agent
that modulates (e g, mlubits) blomarker expression and/or activity, in brodegradable
polymers such as polvlactde-polyglveolide. Depending on the ratio of drug to polvmer,
and the natare of the particelar polymer emploved, the rate of dnug release can be
25 controlled. Examples of other biodegradable polymers mnchude poly(orthoesters) and
polytanhydrides). Depot injectable fornnddations ave also prepared by entrapping the drug
it hiposomes or microemalsions, which are compatible with body tissue.
When the respiration wncouphing agents of the present inveniion are admustered as
phanngceuticals, 10 bumans and animaals, they can be given per sc or as a pharmaccutical
W composition contataing, for example, (.1 1o 99.5% {more preferably, §.5 o 90%) of actve
mgredient in combination with a pharmaceutically acceptable carrier,
Actual dosage levels of the active ingredients in the pharmaceutical compositions of

this invention may be deternmned by the methods of the present fnvention so as to obtain an
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amount of the active mgredient, which is effective to achieve the desired therapeutic
response for a particalar subject, composition, and mode of adnunistration, without being
toxic to the sebject,
The nucleic acid molecules of the present mvention can be insented o vectors and
5 osed as gene therapy vectors. Gene therapy vectors can be delivered to a subject by, for
exampie, mtravenous mjection, local admnistration {see U.S. Pat. No. 3328470y or by
stereotactic mjection (see e.g., Chen ef af. {1994) Proc. Nadl, dcad. Sci. {354 913054
3057}, The pharmaceutical preparation of the gene therapy vector can include the gene
therapy vector in an acceptable dilaent, or can comprise a slow release matnx i which the
16 gene delivery vehicle is imbedded. Alternatively, where the complete gene delivery vector
can be produced mtact from recombinant cells, e.gn, retroviral vectors, the pharmaceutical
preparation can clude one or more cells which prodace the gene delivery system,
The present invention also cacompasses kifs for detecting and/or mwdulating

biomarkers deseribed heremn, A kit of the present invention may alse include mstructional

L

materials disclosing or desersbing the use of the kit or an antibody of the disclosed
wvention in a method of the disclosed Invention as provided hevein. A kit may also include
additional components to facilitate the particular application for which the kit is designed.
For example, a kit may additionally contain means of detecting the label {e.g¢., enzyme
substrates for enzymatic labels, filter sets to detect floorescent fabels, appropriate secondary
A labels such as a sheep anti-mouse-HRP, ere ) and reagents necessary for controls {e.g.,
confrol biological samples or standards). A kit may additionally inchude buffers and other
reagents recogized for use in a method of the disclosed nvention. Non-hinuting examples
include agents to redoce non~specific binding, such as a carrier profein or a detergent.

25 Exemplification

Thus invention 1s farther lustrated by the following examples, which should not be

constreed as hniting,

Example §:  Materials and Methods for Examples 2-4
] a. Patients
The patients with metastatic melanoma envolled in the phase 1 trial of Ipi or Ipi-Bev
have been desentbed in Hodi ¢v &f. (2014 Concer Bromunol, Res. 2:632-642. Additional
ipthimumab samples were obtained from expanded access trials daring the FDA approval

process, as well as from post-approval conunercial use. Pre-treatment and on-treatment (1-
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2 months after the mitiaton of treatment) serum samples were collected as desertbed below
from metastatic patients receiving innane therapy (Lo, iptinnemab (Ipi) alone or
iptimumab plos bevactzamab (Ipi-Bev)). Anglopoictin-2 {Ang-2) levels in the pre- and
post-reatment serwm samples were determined asing Lununex® assays deseribed below,
Correlation analysis of the pre- and post-treatment Ang-2 levels and the change of Ang-2 as
funetion of therapy with clinical response and sarvival of the patients were also deternuned.

b. Scrum collections

Blood samples collected in Red Top tubes were contrifuged at 1,000x g for 15 min,
at roon temperature (RT). The supernatant (serwm) was collected and stored < -20°C in
aligquots,

¢, Ane-2 measurcment

Serum Ang-2 was measwed using Human Angiogenesis/Growth Factor Magnetic
Bead Panel 1 kits (Milhpore, Billerica, MA) and Maguetic Luminex Screenmg Assay kits
{R&D Svstems, Minncapodis, MN) The instructions provided by the mamufactarers were
followed exaetly,

d. Statistical analysis

The algorithm of Contal-O" Quigley was used to estimate the opumal divicion pomt
of pre-treatment Ang-2. This algorithm divides the sample info high and low based on cach
possible value of pre-treatment Ang-2 and assesses overall survival based on the resulting
two categories. The division point with the largest log-rank statstic was declared to be the
“best” division pomt. Overall servival was defined as the time from mial enroliment o
death from any cauwse. The servival distribution was susmnanized using the method of
Kaplan-Meier, Confidence intervals were estimated using log(-log{survival)) methodology.
Conditional landmark analesis was used to explore the relationship between 3. -month
fold-change 1r Ang-2 and swvival, This method miniomzes the potential for guaranice-time
bigs. Patients who were alive and had pre-treatment and subscquent Ang-2 mcasurements
within 3.1 months were followed forward m tume. Cox propomion hazards models were
used to describe the relationship between Ang-2 categorics and response or survival, Cox
models were stratified by trial (Ipl, Ipi-Bev, and PD-1} to allow for differences between
trials in the bascline hazard of death. Hazard ratios are shown with 93% confidence
mtervals, Statistical significance of Cox moded results are based on the Wald test. In some
cases, GraphPad Prism 6 software was alse used for statistical analysis of assoctation of

Ang-2 with survival and comparison of Ang-2 levels. The association of pre-treatment
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serum Ang-2 or Ang-2 fold change and clinicad response and the association of immune
therapy and serum Ang-2 change were evaluated using the Fisher's exact test. The
correlation between immune therapy and serum Ang-2 fold change were examned using
the Kruskal-Wallis rank test. The differences in migration of macrophages were evaluated
gsing unpaived, two-tatled 1 test. P <0035 was considered statistically sigmificant for all
CCHDPAISOnS,

GraphPad Prism 6 software was used for statistical analysis of association of Ang-2
with survival and comparison of Ang-2 levels,

e, Immunchistochemical analvsis

For IHC staining of Ang-2, CDIA3, and CD206, S-pm-thick paraffin-embedded
sections were pre-baked at 60°C for 1 howr, deparaffimized, and rehydrated. Antigen
retrieval was indaced by heating sections in citrate buffer (pH 6.0, Invitrogen, Carlsbad,
CAY for 30 minutes using a stcamer. After cocling for 30 minates, sections were treated
with peroxidase block (DAKO, Carpintenta, CA) for 5§ nunutes, followed by application of a
scrum-free protein block (DAKO) for 20 minutes. Shides were then incubated overnight at
4°C with primary antibodics against Ang-2 (1:25, 3¢-74403, Santa Cruz, Dallas, Texas) or
CID63 (1:200, 10D6, NeoMarkers, Fremont, CA) dilwted iz Da Vinet Green Didoent
{Biocare Medical, Concord, CAY. For sccondary reagents, EnVision™ gnti-mouse HRP-
labeled polvmer (DAKO) was applied for 30 nunuotes o scetions for CD163 staining. Ang-
2 sections were incubated with Novocastra Post Primary {Leica Biosystems, Buffalo Grove,
L) for 30 manutes, followed by Novolink™ Polymer (Leica) for 30 minuics. Scotions were
then developed with diavynobenzidine (DAKO), counterstamed with hematoxyhn,
dehydrated, and mounted. CD6Y (PG-M1, DAKO) staining was performed wsing an
astomated statming system {Bond™ 1, Letca Biosystems) following the manufacturer’s
pritocols for the Bond™ Polymer Refine detection systom (Leica Biosystems). Heat~
mduced antigen retrioval was performed using ER1 solotion {pH 6.0) (Letca Biosystoms)
for 30 minates. Anti-CD6S antthody was dihded 1:200 in Da Vinet Green Dituent and
meubated for 30 minutes. Shdes were removed from the autostainer to be dehydrated and
mentted. Ang-2 expression was observed in cytoplasin of tumor cells and endothelia of
small blood vessels.

£ Coeneration, reatment. and migration of monocyie dertved magrophages

Monoeytes were isolated form frozen hunian PBMC of healthy donors using the

adbesion method. The attached monocevtes were treated with M-CSF to differentiate nto
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macropbages. To induce M and M2 polarization, macrophages were treated with IFNy
{100 ng/ml) plus LPS (20 ng/mly, M-CSF (100 ng/ml), 11-4 {10 or 20 ng/ml), or IL-10 (10
or 20 ngimby for 2 days. In some experiments, Ang-2 (300 ngimi; R&D Systems) was
added to the macrophages to examune is effect on PD-L1 expression. PD-Llexpression on
macrophages was detected by stainming the cells with PE~conjugated anti~human PD-L.1 and
FACS analysis. FACS data were analyvzed using Flowlo sofoware. Migration was
performed on Transwell 6.5 mm inserts with 8.0 um polycarbonate membrane. M1 and M2
polarized macrophages were detached and resaspended in R-PSY mediim R-PST medium
{RPMII 646 contaiming 50 pg/ml penicilhin, 100 ug/mi streptomyvein and 1% FBS) and 100
(0.3 ~ 1 x 1073 of cells were added onto cach insert. The inserts were placed onto the
lower chambers containing 600 il of R-PST with BSA or 300 ng/mi recombinant Ang-2
and mcubated for 4-5 hours at 37°C and 5% CO2. Cells that did not migrate were carefully
removed using cotton swabs from the upside of the inserts and ransmigrated cells were
fixed in methanod for and stained in PBS comtaining 0.1% Triton X-100 and 20 pgiml
propudiem todide (PD. Migrated cells were photographed from 3 randomly selecied fields
fon each msert under a fhuorescence microscope and counted using lmaged software
{National Institutes of Health).

g Culture and preanent of tumor associated endothehial cells and melanoma cells

Melanoma humor samples were obtained from patients on Dana-FarberHarvard
Cancer Center Institational Review Board-approved protocsis. Tumor-asseciated
endothelial cells (TEC) were isolated using Dyvnabeads® CD31 Endothehal Cells according
o manufactures’s instructions {Life Technologies, Grand Island, NY?Y and confiurmed by
surface expression of CD3T and nbe formation. TEC were cultured in BEOM-2 (Lonzal
Melanoma cell ines, KOG08, MO23, M34 and A37TS, were caltured 1 DMEM supplemented
with 30 pe/mi penicilling 100 pg/mi streptomyein and 1% FBS. In some expenments, TEC
and melanoma cells were culttured i a hypoxic chamber with 1% O, To examing the
effect of VEGF and Bev on Ang-2 expression, TEC were moeubated with VEGY (100
ny/ad} andfor Bev (23 pg/ml) i EGM-2 or serum and amiogenesis factor reduced
EBM/EGM-2 medium and melanoma cells were cutiured tn DMEM containing 1% FBS

respectively.

~117 .



WO 2016/057367 PCT/US2015/053933

it

L

21

[l
N

Example 2:  Thevapy with ipilimumab (Ipi) alone or in combination with other anti-
cancer therapestics alters cirenlating Ang-2 levels in metastatic melanoma patients

Ang-2 levels were analyzed i pre-treatment senom samples collected at the thme of
registration of patients, as well as from the first post-treatment serum samples collected at
1-3.1 months after the start of treatment. The median baschine Ang-2 levels were 2534 (697
- F2878), 2183 (505 - 12061) and 2038 {10R3-3163) pg/mi for Ipi alone, Ipi-Bev and PD-1
blockade treated patients, respectively. The post-treatment median Ang-2 levels were 2797
{646-44790), 2465 (565-11672) and 2686 (1006-8982) pe/ml for Ipt alone, Ipi-Bev, and
PD-1 blockade patients, respectively. There was a median screase of 12.0 and 10% in the
circulating Ang-2 {evels of Ipt and PD-1 blockade patients, while a median reduction of
17 2% m the circulating Ang-2 levels of Ipi-Bev patients as function of treatment was
observed. The mean Ang-2 fold change of Ipi-Bev patients was statistically smaller than
that of Ipt and PD-1 blockade patients (Figure 1A p = 0.0004). ).

For the particular analysis deseribed herem, a change i Ang-2 by 28% {i.¢., post-
treatment/pre-treatment vatio = 125 or < 0.753) was considered as bemng significant. By this
cutoff, 9.3, 317, 37.5% of Ipi-Bev, Ipt slone and PD-1 Bockade pationts had increased,
while 37.2, 14.6, and 8.3% of Ipi-Bev, Ipi, and PD-1 blockade patients had decreased
circulating Ang-2 as function of treatment (Figures 1B and 1T} Thus, therapy with Ipi
alone or PD-1 blockade increased circulating Ang-2 m a significant portion of the patients,

while Ipi-Bev had an opposite effect. The post-treatment cirenlating Ang-2 levels were

associated with the pre-treatiment levels in all three groups of pationds (Figure 2)

Example 3:  Increased circulating Ang-2 is associated with PD or §D

Association analysis found that progressive disease (PD) paticnts were associated
with higher pre~ and post-treatment ciraudating Ang-2 levels compared to TR and PR
patients receiving Ipi-Bev or PD-1 blockade, although a stmlar association was not
observed in patients treated with Ipt alone (Figures 3A-3C). However, among the 41 Ips
alone patients, 13 had increased circulating Ang-2 as function of treatmend and 10 of thain
had PD and 2 had SD (Figure 4A). Patients with PD had higher post-/pre-treatiment ratios
compared to those with CR, PR or 8D (Figwre 4B). Among the 24 PD-1 blockade-treated
paticnts, 9 of thom displayed increased sevim Ang-2 and 6 of thom bad PD and 3 had 8D,
while none of them achieved PR or CR (Figure 4C). PD and SD patients of this cohort had

larger fold changes than PR patients (Figurve 4D}, Amony the 43 Ipi-Bev patients, 4 had
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mercased post~-treatment Ang-2 levels, 3 had P, and one had SD (Figwre 48} In dus
group, Ang-2 fold changes are comparable among the CR/PR, SIY and PD patients (Figare
4F). These results indicate that an increase in circulating Ang-2 levels is associated with

poor sesponse to Ipt based mmunotherapy.

Example 4:  Increased circulating Ang-2 or increased pre-treatment serum Ang-2 is
associated with decreased survival and/or lower response rate

Association analysis found that an ncrease i circulating Ang-2 by 28%; or more
was associated with decreased swrvival in Ips along- and PD-1 blockade-treated patients
{Figure 3A and 38). In Ipi-Bev-treated patients, an increase in Ang-2 was also associated
with a trend toward shortened survival (Figare 3C). As described above, one of the Ipi-Bev
patients with iereased circulating Ang-2 had SD. Interestingly, Ipi-Bev therapy was found
o tdduce potent humoral sumue response 1o Ang-2 and robustly increased ciroulating
anti-Ang-2 gntibody lovels in this patient, These finding indicate neutralization of Ang-2
by 1ts anttbody. When this patient was not considered, an increase in circulating Ang-2 by
25% or more was strongly associated with shortened survival in Ipi-Bev patients (Figure
S0, Furthermore, when Ipi-Beov patients were combined with Ipi- or Ipi and PD-}
blockade-treated patients, an increase in circulating Ang-2 was significantly associated with
decreased survival (Figures SE-53F).

Stmilarty, association analysis also found that an increase in pre-treatment serum
Ang-2 was associated with decreased sorvival (Figure 6}, A hugh pre-treatmoent screm Ang~
2level (eg., > 3,173 pa/ml) was strongly associated with shortened survival in subjeets
treated with imnume checkpoint blockers (Figures 6 A-6E). High pre-treatment serum Ang-
2 levels was associated with reduced response rate in PD-1 blockade- and Ipi-Bey
blockade-treated patients {Figures TA-TB). Furthermore, an increase m circulating Ang-~2
by -

weated patients (Figure 7C) and all patients combined (Figore 7D},

2w or more was significantly associated with reduced response rate in PD-1 blockade-
Analvsis of the pooled patienis of all three immunce checkpoimnt therapy found that
high pre-treatmest senim Ang-2 level followed by a therapy-induced merease was a strong
predictor for poor overall survival and progressive discase (Finwes 8A-8C). Patients with
high pre-treatment Ang-2 lovels and large fold changes fe.g, = 1.25-fold change) had the
worst overatl survival, while those with low pre-treatment Ang-2 and sowll fold changes

{e.g, < 1.25-fold change) had the best survival (Figure 84). Patients with high pre-
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treatroent Ang-2 and small fold changes, or low pre-treatment and large fold changes, had
median sarvivals in between.  None (0%) of the 11 patients with hugh pre-treatment Ang-2
and large fold change achieved PRACR, as conmpared with 16 {26.2%:) of the 61 patients
with low pre-treatment Ang-2 and small fold change who did achieve PRACR (Figure 8B).
On the other hand, 10 (90.9%} of the 11 patients with hugh pre-treatment Ang-2 and farge
fold change had PD, as compared with 29.53% of the patients with low pre-treatment Ang-2
and small fold change (Figure 8C). The difference in progression rate between these two
categorics was statistically sigmificant (P = 0.0002). Patients with high pre-treatment Ang-2
and small Ang-2 fold change also had a lower progression rate (38.1%) compared to those
with high pre-treatment Ang-2 and large fold change (P = 000753, These observations
indicate that high pre-treatment Ang-2 fevel followed by therapy-induced mcrease 1s a
strong predictor for PD and poor swrvival,

The effects of ipi and Ipi-Bev treatowent on Ang-2 expression and macrophage
infiltration i melanoma were also analyzed using mmunohistochenustry. Figure 9A
shows a representative Ipi-treated melanoma in which Ang-2 expression was significantly
mcreased afier treatment alonyg with corresponding macrophage infiltration determdned
using CDOR (as a biomarker for macrophages) and CDI63 (a5 a biomarker M2
macrophages). Sinularly, increased tomor vascular Ang-2 oxpression was associated with
mereased infiltration of CD6E8+ and UD163+ macrophages in a representative Ipi-Bev-
weated melanoma (Figure 9B). By contrast, decreased macrophage infiltration was seen n
represertative melanona samples from Ipi-Bev-treated smmples showing reduced ooy
vascular Ang-2 expression after treatment (Figure 9C). Overall, tumor CD6E8” andior
CD163" macrophage infiltration correlated with tumor vascular Ang-2 expression (Figures
SD-9EY. It is belicved that Bev (anti-VEGE) reduces Ang-2 expression b tumor associated
endothelial colls (TEC) by blocking VEGF-induced Ang-2 expression. This is supported
by o vitro findings that Bev reduced Ang-2 expression i TEC (Figure 104 ) and,
specificatly, VEGF enhanced Ang-2 expression in TEC wnder normoxic and hypoxic
conditions and Bev blocked VEGF induced Ang-2 expression (Figare 1IBY. 1 was further
determined from Jn wiro studics that hypoxia increased Ang-2 expression, while VEGE
appeared to have litle effect i melanoma cells (Figure 100}

The association between tumor vascdar Ang-2 expression and tumor macrophage
nfiliration indicates that Ang-2 acts as a chemoattractant for monceyvies/macrophages. For

example, monocytes derived from healthy donors were differentiated and activated into
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MI-Hke macrophages with IFNWLPS oy M2-like macrophages with M-CSF, 1L-4 or IL-10.
Ang-2 promoted nugration of M-CSF, 1L~4 and 1L~ 10 activated M2-like macrophages but
had hitle effect on migration of IFNWLPS activated M1 -like macrophages (Figures 1A-
HiB). The association of serum Ang-2 level and chnieal outcomes to immune checkpoit
therapy Indicates that Ang-2 plays a role in immaene regelation, presumably via
mechamsims volving PMEPD-LLL Indeed, iv vifre studics found that Ang-2 sigmificantly
enhanced PD-1.1 expression on M-CSF, IL-10 or L4 activated M2-Iike macrophages
{Figawes 12A-12¢).

Taken together, these results mndicate that circulating Ang-2 was detected in the pre~
and post-treatiment samples of all the patients and high pre-treatment serum Ang2 (eg., >
3175 pg/ml) andfor an increase in civenlating Ang-2 level by 28% or more as a function of
PD-1 blockade, Ipi. or Ipi-Bev treatment was foand to be correlated with clinical owtcomes.
Patients with high pre-treatment curaulating Ang-2, Ang-2 fold change 2 1.25, orboth, as a
function of therapy, had an association with shortened overall survival andfor reduced
response rate. Among the 108 PD-1 blockade-, Ipt-, and Ipi-Bev-treated pationts, 11
patients had bigh pre-treatment serum Ang-2 and increased curculating Ang-2 {fold change
> 1.25) and 10 of them had PD, while none of them achieved PR or CR. Thus, the
combination of high pre-treatment and an inerease in circudating Ang-2 is a strong indicator
for disease progression and poor swvival.

High pre-treatment circulating Ang-2 andfor carly increasces in civculating Ang-2 as
function of PD-1 blockade and Ipi based immuune therapy, either Ipr alone or i
combination with anti-VEGF blockade, Bev, were associated with poor climeal outcomes
i advanced melanoma patients, Pationts with high pre-treatment circudating Ang-2 had
worse survival, Patients with an imerease by » 23% in cirenlating Ang-2 as fumction of PD-
I Blockade-, Ipt blockade-, or Int-Bev hlockade-therapy had reduced response rate and
worse survival conypared to those with decroased or unaltered circulating Ang-2.
Furthermore, high pre-treatient circulating Ang-2 followed by an increase is assoaiated
with mcreased progression rate and poor survival. These findings indicate that hugh pre-
teatment circulating Ang-2, an increase in Ang-2 or their combination can be used as an
carly predictive biomarker for PD and decreased survival for melanoma patients receiving
PD-1 and CTLA-4 based impwmne therapy. As cireulating Ang-2 can be easily and
accurately measured by well-established methods and the increase ocaurs as carly as 1-3

months after the tninal of treatment, Ang-2 provides a saft, convendent, and cost-offective
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bromarker that could be used in cliniead practice to identify those patients who are
resistance o and may not benefit from anti-inunane checkpoint therapies, such as ang-PD-}
and anti-CTLA-4-based immune therapy, i the carly phase of treatment.

The association of high pre-treatment circulating Ang-2 and merease in circulating
Ang-2 with PD and worsened clinical outcomes indicates that inercased Ang-2 is a
mechantsm for resistance to PD-1 and CTLA-4 based ioumane therapy. Such a mechamism
is further supported by the findings that turnor macrophage mifiltration was positively
associated with numor vascular Ang-2 expression and that Ang-2 promoted PD-L1
expression on and myigration of protumoral, proangiogenic and mmmosuppressive M2
macrophages. This is also supported by the fact that Ang-2 increase ocowred prior to the
climcal observation of PD. Furthermore, elevated levels of circulating Ang-2 are associated
with poor prognosis for many types of cancers. Circulating Ang?2 has also heen identified
as a biomarker for progression and mefastasts in melanoma and has been found to be
expressed by tumor-associated endothelial cells and melanoma cells (Helfrich er al. (2009}
Clin. Cancer Res. 15:1384-1392). siRNA-mediated stlencing of Ang-2 has been wdentified
to strongly reduce rvastve and migratory capacity of melanoma cefls, Thus, the results
deseribed herein indicate that the addition of anti- Ang-2 therapeutics to PD-1 and Ipi-based
immane therapy (PD-1 blockade, Ipi, or in combination) improves the clinical efficacy of
PD-1 blockade or Ipr

The results deseribed herein also mndicate that higher portions of PD-1 blockade and
Ipi paticats exlubited increased airculating Ang-2 than Ipi-Bev patients as fanction of
treatmnent. It is behieved that this observation is related to the distinet effect of these
treatients on koanor vascalature. Ang-2 has been shown to be wpregulated by bypowa,
VEGFE, and PEG2. In agreement, v vire studios found that hypoxia enhanced Ang-2
expression in melanoma cells and VEGE induced Ang-2 expression m melanoma
assoctated endothelial cells and Bev blocked VEGF induced Ang-2 expression m these
cells. Vessel destruction (vasculopathy) has been found in tumors of melanona patients
receiving Ipt or Ipt-GVAX and increased Ang-2 expression was cbservest i post-treatment
tumors of a portion of Ipi patients (Hodt e of. (2003) Froc. Nadl dcad. Sei. 1254
100:4712-4717). Based on the results described herein, # is believed that Ipi therapy makes
the fwmor nicroenvironments more hypoxic and increases Ang-2 expression and sceretion,
resulting in clovation of circulating Ang-2. hiderestingly, vasculopathy was not found in

wimors of melanoma patients treated with Ipi-Bev, consistent with vessel normalization by
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Bev. Nommabzation of tumor vessels could make the tumor microenvironments less
byvpoxic and downregalate Ang-2 expression. In agreement, endothelial Ang-2 expression
was forod o be reduced in the posi-treatment tumor biopsics of Ipi-Bev paticats compared

to the paired pre-treatment samples.

Incorporation by Reference

All publications, patents, and patent applications mentioned herein are herchy
ncorporated by reference in their entirety as i each tindividual publication, patent or patent
apphication was specifically and individually mdicated to bo incorporated by reference. In
case of conflict, the present gpphication, icluding any defimtions herein, will control.

Also meorporated by reference m their entirety are any polynucieotide and
polyvpeptide sequences which reference an accession number correlating to an entry i a
public database, such as those mattained by The institute for Genonue Rescarch (VIGR)
on the world wide web andior the Nattonal Center for Biotechnology Information (NCBI)

on the world wide web.

Equivalents

Those skilled in the ant will recognize, or be able to ascertain using no more than
routine experimentation, many cquivalents to the specific embodiments of the present
invention described heretn. Such equivalents are intended to be encompassed by the

following clatms.
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What i claimed is:

1. A method of wdentifving the fikebhood of a cancer in 2 subject to be responsive fo an
anti-immunc checkpoint therapy, the method conprising:

a} obtaining or providing a paticnt sanple fronn a pationt baving cancer;

by measuring the amount or activity of at least one biomarker bisted in Table 1 in the
sabject sample; and

¢} comparing said amoant or activity of the at least one biomarker listed i Table 1
i a control sample,

wherein a sigmficantly tcrcased mmount ov actvity of the at least one biomarkey
listed in Table 1 in the subject ssraple relative to the control sample wWentifics the cancer as
being less likely to be responsive o the anti-tnenune checkpoint therapy and whercin a
decreased amount or activity of the at least one biomarker listed in Table 1 m the subject
sample refative to the control sample identifics the cancer as being more fikely to be

responsive to the anti-inmune checkpoint therapy.

3. A method of idemtitying the hkelihood of a cancer in a subject to be responsive to
anti-imnmne checkpoint therapy, the method comprising:

a) obtatning or providing 3 pationt sample from a patiot having cancer, wherein the
sample comprises nucleie acid molecudes from the sulyeet;

b} determining the copy pumber of at least one biomarker listed in Table 1w the
sample; and

¢} comparing said copy nomber to that of a control sample, wherein an increased
copy myumber of the btomarker in the sample relative to the control sample identifics the
cancer as being less hikely to be responsive to the anti-immane checkpoint therapy and
wherein a decreased copy mumber of the biomarker in the sample relative to the control
sample identifics the cancer as being more likely fo be responsive to the anti-immune

checkpoid therapy.

-

3 The method of clatm 1 or 2, further comprising reconunending, preseribing, or
administering anti~immune checkpoint therapy if the cancer is determined bkely to be
responsive to anti-immune checkpoint therapy or administering anti-cancer thorapy other
than anti-inwnune checkpoiut therapy if the cancer 1s defernined be leoss bkely o be

responsive to anti-imtmue checkpoint therapy.
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4, The method of claim 3, wherein the anti-cancer therapy s selected from the group

consisting of targeted therapy, chemotherapy, radiation thevapy, and/or hormonal therapy.

5 The method of any one of claims P-4, wherein the control sample is determined
from a cancerous or pon-cancerous sample from either the pationt or & member of the same

species to which the patient belongs.

6. The method of claim 3, wherein the control sample is a cancerous or non-cancerous
sample from the patient obtamed from ap carlier point i time than the pationt sample,
optionally wherein the control sample 1s obtained before the patient has received anti-
tmmune checkpoint therapy and the patient sanple is obtained after the patient has recetved

anti-inwnone checkpoint therapy.

7. The method of any one of claims 16, whevrein the control sample comprises cells or

dues not comprise celis.

§. The method of any one of claims 127, wherein the control sample comprises cancer

cells known o be responsive or noneresponsive to the anti-impume checkpoint therapy,

9. A method of assessing the efficacy of an agent for treating & cancer w a subject that
is unhikely to be responsive to anti-inmune checkpoint therapy, comprising

a} detecting in a first subject sample and maintamed i the preseace of the agent the
amount or activity of at least one biomarker histed in Table 1

b detecting the amount or activity of the at least one bromarker listed i Table 1 in
a sccond subject sample and maintained 1o the absence of the fest compound; and

<) comparing the amount or activity of the at least one biomarker lsted in Table |
from steps a) and by, wherein a significantly increased amount or activity of the at least one
hiomarker histed 1o Table 1 in the first subject sample relative to at feast one subsequent

subject sample, indicates that the agent treats the cancer m the subject

0. A mcthod of assessing the efficacy of an agent for reating 2 cancer n a subjoct or
prognosing progression of a cancer in a subject, comprising:
a) detecting in a subject sample at a Brst point in time the amount or activity of at

least one biomarker listed in Table 1
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b repeating step @) doring at least one subsequent point i thme after administration
of the agent; and
¢} comparing the expression and/or activity detected m steps a) and b), wherein a
sigmficantly increased wnount or activity of the at least one biomarker histed 1n Table | in
5§ dhe first subject sample relative to at feast one sabsequent sabject sample, indicates that the

cancer 13 undikely to progress or that the agest treats the cancer 1n the subject.

3
o

1L, The method of claim 10, wherein between the first point in #ine and the subscguent
paint in time, the subject has undergone treatment, completed freatiment, andfor is in

1 remission for the cancer,

12, The method of claim [0, wherein the first andfor at least one subsequent sample is

selected from the group consisting of ex vive and i wive samples.

L

13, The method of claim H), wherein the first andfor at least one subsequent sanple is

obtamead front an animal model of the cancer,

14, The method of claim 10, whevelns the first and/or at feast one subsequent sample s a

portion of a single sample or pooled samples obtained from the subject.

15, A cell-based assay for soreonmg for agents that have a cytotoxie or eytostatic effect
on a cancer cell that is unresponsive to anti-immune checkpomt therapy comprising.
contacting the cancer cell with a test agent, and deternuning the abihty of the test agent t©

decrease the amount or activity of at feast one biomarker bisted in Table 1.

16, The cell-based assay of clatoe 17, whercmn the step of contacting ocaws i vive, ax

Vive, o In vitro.

17, The method or assay of any onc of claims 1-16, wharein the subject sample andior
30 the control sample has not been contacted with any melanoma weatment or mbubitor of an

immunge checkpoint.

18 The method or assay of any one of claims 1-17, wherein the sabject has not been

administered any melanoma treaiment or ishibior of an inwnune checkpoint,

bad
L
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1%, The method or assay of any one of claims 1-18, further comprising recommending,
preseribing, or admimstering at Jeast one additional anti~-cancer therapeutic agent,
optionally wherein the at east one additional anti-cancer therapeutic agent is bevacizamab

and/or an anti-Ang-2 therapeutic agent.

200 The method or assay of any one of claims 1-19, wherein the subject sample s
selected from the group consisting of senum, whole bood, plasma, arine, cells, cell linss,

and biopsies.

21, The method or assay of any one of clatms 1-20, wherein the amount of the at least
one biomarker listed in Table 1 is detected using a reagent which specifically binds with the

protem.

22 The method or assay of claim 21, whercin the reagent is selected from the group

consisting of an antibody, an antibody derivative, and an antibody fragment.

23 The method or assay of any one of claims 1-20, wherein the at least ong blomarker
hsted i Table 1 is assessed by detecting the presence in the sample of a transcribed

polynacteotide or portion thercof.

24, The method or assay of claim 23, wherein the transeribed pobmucleotide 15 an

mRNA ar a cDNAL

25 The mcthod or assay of claim 23, wherein the step of detecting further comprises

amiplifving the transeribed polynucleotide.

26 The method or assay of clagm 23, wherein the transeribed polvnucleotide 1 detected
by identifying 2 nucloie acid that armcals with the biomarker nucleic anid, or a portion

thereod, under stringent bybridization conditions,

27 The method or assay of any one of clums 126, wherein the at feast one biomarker

histed 1 Table 11 human Ang-2, or a fragiment thereof.

28, The method or assay of any one of claims 1-27, wherein the anti-nmmune

checkpoint therapy comprises at least one antibody selected from the group consisting of
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anti-CTLA~4 antibodies, ang~PD-1 anttbodies, anti-PD-L1 antibodies, ant-PD-L2

antibodies, and combinations thereof,

28, The method or assay of claim 28, wherein the anti-immanc checkpoint therapy

coraprises ipilinnunab.

30, The method or assay of any one of claims 129, wherein the hikelihood of the cancer
i the subject to be responsive fo anti-immune checkpoing therapy is the hkelibood of at
least one criteria sclected from the group consisting of celtular proliferation, umor bwrden,
m-stage, metastasis, progressive disease, climeal benefit rate, survival untif mortality,
pathological complete response, senu-quantitative measures of pathologic response, climcal
complete remission, clintcal partial remission, chinical stable disease, recwrrence-free
sarvival, metastasis free survival, discase free survival, circulating tmor cell decrease,
ciraulating marker response, and RECIST coriteria.

31, The method or assay of any one of clamms 1-30, wherem the cancer is a sohid tumor.

32 The method or assay of any one of claims 1-31, wherein the cancer is melanoma,

non-smali cell kg cancer {SCL), or renal cell cancer,

a4y

330 The method or assay of any one of elamn 32, whersin the melanoma is metastatic

melancma.
34, The method or assay of any one of elaims 1-33, wherein the subject is a nranwmal,

35 The method or assay of claim 34, whercin the manunal 1s an animal modet of

Cancet.

36, The method or assay of claim 34, wherein the mammal Is 2 buman.

- 128 -
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INTERNATIONAL SEARCH REPORT International applicaﬁon No.
PCT/US15/53933 .
Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. [:I forming part of the international application as filed:
D in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13¢er. 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c 'z furnished subsequent to the international filing date for the purposes of international search only:
in the form of an Annex C/ST.25 text file (Rule 13fer. 1(a)).
on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).
2. X] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)
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INTERNATIONAL SEARCH REPORT International application No.
'PCTIUS15/53933

Box No. H Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

l. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the interational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. K‘ Claims Nos.: 5-8, 17-36
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. 11l Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-***-Please See Supplemental Page-***-

1. D As all required additional search fees were timély paid by the applicant, this international search report covers all searchable
claims.

2. I_—___I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. ﬁ No r.equired additional search fees were }im_ely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1, 3 (in-part) and 4 (in-part)

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US15/53933

A. CLASSIFICATION OF SUBJECT MATTER

IPC(S) - C12Q 1/68; GO1N 33/574; CO7K 16/28 (2016.01)

CPC - C12Q 1/6886, GO1N 33/574; CO7K 16/28

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8) Classification(s): C12Q 1/68; C12P 21/06; GO1N 33/574, 33/68; CO7K 16/28 (2016.01)
CPC Classification(s): C12Q 1/68, 1/6886; GO1N 33/574, 33/57484; CO7K 16/2818; GO6F 19/706

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); Google; Google Scholar; PubMed; EBSCO; identif*,
like*, probabil®, cancer*, subject’, person*, individual*, respon*, anti-immun*, checkpoint*, therap*, CTLA*, anti-PD*, obtain*, provid*,
sampl*, blood”, serum®, measur®, detect*, level®, amount*, activit*, biomarker*, angiopoietin®, control*, ‘Angpt2’, administer*, ‘anti-cancer’

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y WO 2014/078468 A2 (BRISTOL-MYERS SQUIBB COMPANY) 22 May 2014, paragraphs 1,3,4
[0012]-{0014), (0016}, [0046], [0051], [0063], (0065}, {0068}, (00118]; claim 14

Y WO 2008/143979 A2 (COLD SPRING HARBOR LABORATORY) 27 November 2008; table 1; 1,3,4
paragraph [0074], [0081], {0102); claim 18

D Further documents are listed in the continuation of Box C. D See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

“E" carlier application or patent but published on or after the intemational “X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone

gltgg;lor::gz“(sahs ;hgc?‘t_:g(lil)cauon date of another citation or other “Y” document of particular relevance; the claimed invention cannot be

p S Sp . . considered to involve an inventive step when the document is

“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P” document published prior to the international filing date but taterthan  «g,» .
the priority date claimed &” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
18 February 2016 (18.02.2016) ‘l '] MAR 2016
Name and mailing address of the ISA/ Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas
P.O. Box 1450, Alexandria, Virginia 22313-1450
.. PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT

. ) International application No.
Information on patent family members PP

PCT/US15/53933

-***-Continued from Box No. ll: Observations Where Unity of invention Is Lacking:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1, 3 (in-part) and 4 (in-part) are directed toward a method of identifying the likelihood of a cancer in a subject to be
responsive to an anti-immune checkpoint therapy, the method comprising: measuring the amount or activity of at least one biomarker
listed in Table 1 in a subject sample.

Group It: Claims 2, 3 {in-part) and 4 (in-part) are directed toward a method of identifying the fikelihood of a cancer in a subject to be
responsive to anti-immune checkpoint therapy, the method comprising: determining the copy number of at least one biomarker listed in
Table 1 in a subject sample.

Group IIl: Claim 9 is directed toward a method of assessing the efficacy of an agent for treating a cancer in a subject that is unlikely to be
responsive to anti-immune checkpoint therapy.

Group IV: Claims 10-14 are directed toward a method of prognosing progression of a cancer in a subject.

Group V: Claims 15 and 16 are directed toward a celi-based assay for screening for agents that have a cytotoxic or cytostatic effecton a
cancer cell that is unresponsive to anti-immune checkpoint therapy.

The inventions listed as Groups I-V do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group |
include wherein an increased activity of the at least one biomarker identifies a cancer as being less likely to be responsive to
anti-immune checkpoint therapy, which is not present in any other Group, the special technical features of Group Il include a copy
number, which is not present in any other Group, the special technical features of Group Il include assessing the efficacy of an agent,
which is not present in any other Group, the special technical features of Group 1V include a method of prognosing progression of
cancer, which is not present in any other Group, the special technical features of Group V include screening for agents, which is not
present in any other Group.

Groups |-V share the technical features including: cancer; and at least one biomarker listed in Table 1. Groups I-1V share the technical
features including comparing. Groups I-lIl and V share the technical features including being less likely or unlikely to be responsive to
anti-immune checkpoint therapy, or unresponsive to anti-immune checkpoint therapy. Groups | and liI-V share the technical features
including measuring the amount or activity of at least one biomarker. Groups |, Il and V share the technical features including a
decrease with respect to at least one biomarker in Table 1. Groups | and 1l share the technical features including: a method of
identifying the likelihood of a cancer in a subject to be responsive to anti-immune checkpoint therapy, the method comprising: a)
obtaining or providing a patient sample from a patient having cancer; b) determining at least one biomarker listed in Table 1 in the
sample; and ¢) comparing to a control sample, wherein an increase of the biomarker in the sample relative to the control sample
identifies the cancer as being less likely to be responsive to the anti-immune checkpoint therapy and wherein a decrease of the
biomarker in the sample relative to the control sample identifies the cancer as being more likely to be responsive to the anti-immune
checkpoint therapy. Groups Ill-V share the technical features including an agent, test agent, or test compound; and administration of or
contacting with said agent or compound. Groups Ili and IV share the technical features including: a) detecting in a first subject sample
the amount or activity of at least one biomarker listed in Table 1; b) detecting the amount or activity of the at least one biomarker listed in
Table 1in a second subject sample; and ¢) comparing the amount or activity of the at least one biomarker listed in Table 1 from steps a)
and b), wherein a significantly increased amount or activity of the at least one biomarker listed in Table 1 in the first subject sample
relative to at the second subject sample indicates.

-"**-Continued Within the Next Supplemental Box-***-

Form PCT/ISA/210 (patent family annex) (January 2015)
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-***.Continued from Previous Supplemental Page:

However, these shared tachnical features are previously disclosed by WO 2013/169739 A1 to The General Hospital Corporation, et al.
(hereinafter 'GHC') and further in view of the publication entitled ‘Human Viral Oncogenesis: A Cancer Hallmarks Analysis’' by Mesri, et
al. (hereinafter ‘Mesri') and WO 2006/124022 A1 (VANANDEL RESEARCH INSTITUTE) (hereinafter 'VanAndel').

GHC discloses treating cancer (abstract); comparing (paragraph [000277]); being less likely or unlikely to be responsive to anti-immune
checkpoint therapy (having hypoxia which causes immunosuppression, and thus being less responsive to immune checkpoint therapy;
paragraph [000128]); measuring the amount or activity of at least one biomarker (paragraph [000148]); a decrease with respect to at
least one biomarker (paragraph [000148])); a method of identifying the likelihood of a cancer in a subject to be responsive to anti-immune
checkpoint therapy (a method of identifying the likelihood that a patient will respond to a therapy that enhances the effectiveness of an
anti-immune checkpoint therapy; paragraphs [000128], [000148], [000149]), the method comprising: a) obtaining or providing a patient
sample from a patient having cancer (paragraphs [000148], [000149]); b) determining at ieast one biomarker in the sample (paragraphs
{000148], [0001489)); and ¢) comparing to a control sample (paragraph [000166]); an agent (abstract); and contacting with said agent or
compound (paragraph [000165}); monitoring at least one parameter, including a marker level (paragraph [000148]) prior to treatment, or
during treatment (paragraph [000148)); as well as HIF 1a activation in hypoxia (HIF 1a activation in hypoxia; paragraphs [000119],
[000349)) and use of agents which modulate HIF 1a (paragraph [000119]).

GHC does not disclose determining at least one biomarker listed in Table 1; a decrease with respect to at least one biomarker in Table
1; wherein an increase of the biomarker in the sample relative to the control sample identifies the cancer as being less likely to be
responsive to the anti-immune checkpoint therapy and wherein a decrease of the biomarker in the sample relative to the control sample
identifies the cancer as being more likely to be responsive to the anti-immune checkpoint therapy.

Mesri discloses wherein HIF 1a transcriptionally activates angiopoietin-2 (HIF 1a transcriptionally activates angiopoietin-2; page 272,
column 2, paragraph 3).

| VanAndel discloses a nucleic acid probe or set thereof (abstract) useful in the prognosis of cancer (abstract), comprising regulation of
the HIF pathway (paragraph {000164]) and including at least one biomarker in Table 1 (including Angiopoietin-2 comprising SEQ 1D NO:
15 of the VanAndel reference (including at least one biomarker in Table 1); Tables 6, 7, Claim 36; SEQ ID NO: 15 of the VanAndel
reference, wherein nt 308-1798 of SEQ ID NO: 15 of the VanAndel reference are 100% identical to SEQ [D NO: 1 of the instant PCT
application).

It would have been obvious to a person of ordinary skill in the art, at the time of the invention, to have modifiéd the previous disclosure of
GHC, for specifying wherein monitoring a biomarker level or activity prior to or during treatment encompass the steps of detecting in a
first subject sample the amount or activity of at least one biomarker; b) detecting the amount or activity of the at least one biomarker in a
second subject sample; and ¢) comparing the amount or activity of the at least one biomarker from steps a) and b), for determining
whether the therapy provided is effective, based upon the modulation of the biomarker levels, including an increase in biomarker levels
as being indicative of effective or ineffective therapy. Furthermore, it would have been obvious to a person of ordinary skill in the art, at
the time of the invention, to have modified the previous disclosure of GHC, for integrating markers downstream of HIF 1a, including
angiopoietin-2, as disclosed by Mesri, including the use of an angiopoietin-2 nucleic acid sequence, as previously disclosed by
VanAndel, as a specific marker of the expression leve! thereof, as a marker of the effectiveness of treatments utilized to modulate HIF1a
activity, in particular a decrease in the level of angiopoietin-2 as being indicative of an effective treatment, for decreasing HIF 1a levels, in
order to hypoxia, and increase the effectiveness of immunotherapies, including immune checkpoint inhibitor therapy, through routine
experimentation and testing.

Since none of the special technical features of the Groups |-V inventions is found in mare than ane of the inventions, and since all of the
shared technical features are previously disclosed by a combination of the General, Mesri and VanAndel references, unity of invention is
lacking.

Form PCT/ISA/210 (extra sheet) (January 2015)
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