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(57) Abstract: This disclosure provides reagents and methods of predicting the responsiveness of a patient to NaPi2b-targeted anti-
body-drug conjugates (e.g., NaPi2b-targeted antibody-polymer-drug conjugates).
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COMPOSITIONS AND METHODS FOR PREDICTING RESPONSE TO WAPIZB-TARGETED

THERAPY

RELATED APPLICATIONS
{0001} This application claims benefit of, and priority to, U S.8 N. 62/561,107 filed on
September 20, 2017, U.S.S.N. 62/571,397 filed on October 12, 2017 and U.S. S N. 62/718,692 filed
on August 14, 2018 ; the contents of each are hereby incorporated by reference in their entireties.

FIELD OF THE INVENTION

{6002]  The invention relates generally to compositions and methods for stratifying responders and
non-responders to treatment with NaPi2b-targeted antibody-polymer-drug conjugates. Also

provided are methods of subtyping non-small cell lung carcinoma.
BACKGROUND OF THE INVENTION

i8003] NaPi2b (SLC34A2, NaPillb, Npt2), a multi-transmembrane, sodium-dependent phosphate
transporter {Xu et al. Genomics 62:281-284 (1999)), is normally expressed at the brush border
membrane of mammalian small intestine and participates in the transcellular inorganic phosphate
{(P1) absorption, contributing to the maintenance of phosphate homeostasis in the body. The
expression of NaPiZb at the protein level has been detected in the liver, at the apical surface of
epithelial cells of mammary, salivary glands, and in the lungs, testis, salivary gland, thyroid gland,
small intestine, and uterus. Mutations in NaPi2b have been associated with clinical syndromes of
alveolar and testicular microlithiasis. NaPiZb is highly expressed in non-squamous non-small cell
tung cancer (NSCLC), non~mucinous ovarian cancer and papillary thyroid cancer. NaPi2b-positive
tissue immunocreactivity is present in 61% of NSCLC, and 92% ovarian cancer specimens.

{0004] Ovarian cancer is one of the most common gynecologic malignancies and the fifth most
frequent cause of cancer death in women. The high mortality rate results in part from the frequent
diagnosis of ovarian cancer at advanced stages and the mortality rate is approximately 65% of the
incidence rate. Epithelial tumors of ovary comprise 58% of all ovarian neoplasms and more than
90%; of malignant tumors of ovary. Debulking surgery and platinum-based combination
chemotherapy (including taxanes) are current treatment modalities; however, the majority of

patients with refapsed epithelial ovarian cancer eventually succumb to the disease. There is a need
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for novel treatment modalities in ovarian cancer, including targeted therapies such as
immunotherapy with monoclonal antibodies or cancer vaccine-based approaches.

18005] NSCLC is any type of epithelial lung cancer other than small cell lung carcinoma (SCLC).
NSCLC accounts for about 85% of all lung cancers. As a class, NSCLCs are relatively insensitive
to chemotherapy, compared to small cell carcinoma. When possible, they are primarily treated by
surgical resection with curative intent, although chemotherapy is increasingly being used both pre-
operatively {necadjuvant chemotherapy) and post-operatively (adjuvant chemotherapy). In the
metastatic or inoperative setting, chemotherapy and/or immunotherapy is used, although the disease
at this stage is largely incurable and survival times remains short. There is a need for novel
treatment modalities in NSCLC, including targeted therapies such as immunotherapy with
monoctonal antibodies or cancer vaccine-based approaches.

{8006] Additionally, there exists a need for diagnostic methods and kits to predict the response to

therapies that target the biological activities of NaPi2b.
SUMMARY

{60071 In various aspects the invention provides methods of predicting the responsiveness of a
cancer patient to treatment with a NaPi2b-targeted antibody drug conjugate detecting whether
NaPiZb is present in a tumor sample obtained from the patient by contacting the tumor sample with
an anti-NaPi2b antibody; detecting binding between NaPi2b and the antibody; and predicting that
the patient with be responsive to treatment when the presence of NaPi2Zb in the tumor sample is
detected.

{0008] In another aspect the invention provides methods of predicting the responsiveness of a
cancer patient to treatment with a NaPiZb-targeted antibody drug conjugate by detecting whether
NaPiZb is present in a tumor sample obtained from the patient by contacting the tumor sample with
an anti-NaPiZb antibody; detecting binding between NaPiZb and the antibody; and scoring the
detection pathologically. The pathology score correlates with responsiveness to treatment.

{60069] In yet a further aspect the invention provides methods of predicting the responsiveness of a
cancer patient to treatment with a NaPiZb-targeted antibody drug conjugate by measuring the
expression tevel of NaPi2b in a umor sarople obtained from the patient by contacting the tumor
sample with an anti-NaPi2b antibody and predicting that the patient with be responsive to treatment
when the expression level of NaPi2Zb in the tumor sample is higher than a predetermined cut-off

point.
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{0018} In various aspects of the methods of the invention, the methods further includes
administering a NaPi2Zb-targeted antibody drug conjugate to the subject predicted to be responsive
to treatment.

{0011} In another aspect the invention provides methods of treating a cancer in a subject with a
NaPiZb-targeted antibody drug conjugate by detecting whether NaPi2b is present in a tumor sample
obtained from the patient by contacting the tumor sample with an anti-NaPiZb antibody; detecting
binding between NaPi2b and the antibody; predicting that the patient with be responsive to
treatment with a NaPi2b-targeted antibody drug conjugate when the presence of NaPi2b in the
tumor sample 13 detected; and administering a NaPiZb-targeted antibody drug conjugate to a subject
predicted to be responsive.

{6012] In the various methods the predicting 15 accomplished by scoring the detection of NaPi2b
protein pathologically. The pathology score correlates with responsiveness to treatment. The
pathology score is a quantitative or a semi guantitative score. For example, the pathology score is
determined by light microscopy or image analysis.

{0013} Alternatively, the predicting is accomplished by determining that the expression level of
NaPi2b in the tumor sample 1s higher than a predetermined cut-off point. The predetermined cut-off
point is calculated by for example, the H-score method.

{0014] In a further aspect the 1ovention provides methods of subtyping a non-sroall cell lung
carcinoma as adenocarcinoma by detecting whether NaPi2b is present in a non-small cell lung
carcinoma sample by contacting the sample with an anti-NaPiZb antibody and detecting binding
between NaPiZb and the antibody; and subtyping a non-small cell lung carcinoma as
adenocarcinoma when the presence of NaPi2b in the sample is detected. Optionally, the method
further includes detecting one or more of TTF-1, NapsinA, p63, p40 or CKS5/6 in the a non-small
cell lung carcinoma sample.

{6015] The cancer is a NaPi2b- expressing cancer. Example of include but are not limited to lung
cancer, ovarian cancer, breast cancer, colorectal cancer, kidney cancer, thyroid cancer, renal cancer,
salivary duct adenocarcinoma, endometrial cancer, cholangiocarcinoma, papillary thyroid cancer or
papillary renal cancer. The lung cancer is for example, non-small hung carcinoma (NSCLC). In
some aspects the NSCLC is non-squamous NSCLC. In some aspects the NSCLC is sub-typed as
adenocarcinoma. The ovarian cancer is for example, epithelial ovarian cancer. The ovarian cancer
is for example platimum-sensitive ovarian cancer. The ovarian cancer is for example platinum-

refractory ovarian cancer,
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{0016] The antibody of the NaPi2b-targeted antibody drug conjugate is XMT-1535. Preferably,
the antibody of the NaPiZb- targeted antibody drug conjugate comprises: a variable heavy chain
complementarity determining region 1 (CDRH1) comprising the amino acid sequence
GYTFTGYNIH (SEQ ID NO: 3}, a variable heavy chain complementarity determining region 2
{CDRH2) comprising the amino acid sequence AIYPGNGDTSYKQKFRG (SEQ D NO: 4}, a
variable heavy chain complementarity determining region 3 (CDRH3) comprising the amino acid
sequence GETARATFAY (SEQ ID NO: 5), a variable light chain complementarity determining
region 1 (CDRLU1) comprising the amino acid sequence SASQDIGNFLN (SEQ ID NO: 6), a
variable light chain complementarity determining region 2 (CDRL2) comprising the amino acid
sequence YTSSLYS (SEQ ID NG: 7), a variable light chain complementarity determining region 3
(CDRL3) comprising the amino acid sequence QQYSKLPLT (SEQ ID NG: 8).

i8017] The NaPi2b-targeted antibody drug conjugate is for example, an auristatin based NaPi2b-
targeted antibody drug conjugate.

{6018] The NaPiZb-targeted antibody drug conjugate has the following formula:
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wherein:

1 18 an integer from 1 to about 300,

n 1S an integer from 1 to about 140,

nw is an integer from 1 to about 40,

msa 15 an integer from O to about 17,

m3s 18 an integer from 1 to about §;

the sum of m3a and mss ranges from 1 and about 18; and

the sum of m, n1:, my, M3, and map ranges from 15 to about 300;
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the terminal 3 denoctes the attachment of one or more polymeric scatfolds to the NaPi2b-targeted
antibody XMT-1535.

{06019] Detecting is performed for example, immunohistochemically. Preferably, the anti-
NaPi2b antibody is detected using a labeled secondary antibody.

{6026} The anti-NaPi2b antibody is a chimeric antibody. The chimeric antibody comprising a
human variable region and a non-human constant region. The chimeric antibody comprises the

variable region of antibody XMT-1535. The non-human constant region is rabbit,

{0021] The sample is for example but not limited to a formalin-fixed paraffin-embedded
sample.
6022} The invention further provide a chimeric antibody comprising: a variable heavy chain

complementarity determining region 1 (CDRHI1) comprising the amino acid sequence
GYTFTGYNIH (SEQ ID NG: 3), a variable heavy chain complementarity determining region 2
{CDRH2) comprising the amino acid sequence AIYPGNGDTSYKQKFRG (SEQ D NOG: 4}, a
vartable heavy chain complementarity determining region 3 (CDRH3) comprising the amino acid
sequence GETARATFAY (S8EQ ID NO: 5}, a variable light chain complementarity determining
region I (CDRL1) comprising the amino acid sequence SASODIGNFLN (SEQ ID NO: 6), a
variable light chain complementarity determining region 2 (CDRL2) comprising the amino acid
sequence YTSSLYS (SEQ ID NO: 7), a variable light chain complementarity determining region 3
(CDRL3) comprising the amino acid sequence QQYSKLPLT (SEQ 1D NO: 8). In some aspects the
chimeric antibody includes the variable heavy chain of SEQ 1D No: 1 and the variable light chain of
SEQ ID No:2. The constant region is for example but not limited to, a rabbit constant region. For
exampie, the chimeric antibody includes a rabbit IgG1 heavy chain constant region and a rabbit
kappa constant region light chain. In preferred embodiments the chimeric antibody has the heavy
chain constant region of SEQ ID No: 11 and the light chain constant region of SEQ 1D NO:12
18023] Also include in the invention are plasmids containing the nucleic acid of SEQ 1D NO:
17 and/or SEQ ID NO: 18 and cells containing the plasmud.

{0024] Also included in the invention are methods treating papillary thyroid cancer, papillary
renal cancer, salivary duct adenocarcinoma, endometrial cancer or cholangiocarcinoma comprising
administering to the subject NaPi2b-targeted antibody drug conjugate in an amount sufficient to
alleviate the symptom of the cancer. The NaPiZh-targeted antibody drug conjugate is for example
any conjugate disclosed in WG 2017/160754. For example the NaPiZb-targeted antibody drug

5
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conjugate is:
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m is an integer from 1 to about 300,

mu is an integer from 1 to about 140,

mz is an integer from 1 to about 40,

m3za 18 an mnteger from 0 to about 17,

m3b i$ an integer from 1 to about §;

the sum of mis and msb ranges tfrom 1 and about 18;

the sum of m, mi, mz, M3, and ma ranges from 15 to about 300; and

the terminal % denotes the attachment of one or more polymeric scaffolds to the NaPiZb-targeted
antibody XMT-1535.

{0025] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. In the specification, the singular forms also include the plural unless the context clearly
dictates otherwise. Although methods and materials similar or equivalent to those described herein
can be used in the practice or testing of the present invention, suitable methods and materials are
described below. In the case of conflict, the present specification, including definitions, will control.
In addition, the materials, methods and examples are iHlustrative only and are not intended to be
fimiting.

{0026] Other features and advantages of the invention will be apparent from the following

detaiied description and claims.

BRIEY DESCRIPTION OF THE DRAWINGS
&
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{06027} Figure 1 illustrates the design of a chimeric antibody based upon humanized anti-NaPi2b
antibody, XMT-1535. The chimeric antibody is referred to herein as MERS67.

{8028] Figure 2 is a photograph showing SDS-PAGE and Western blot analysis of Mers67
antibody.

{0029]  Figure 3A shows SEC-HPLC analysis of MERS67 after one-step purification,

{0030} Figure 3B shows SEC-HPLC analysis of MERS67 after two-step purification

{8031] Figure 4 1s a photograph showing representative immunochistochemical staining in
OVCAR3 and JIMT-1 xenografts

{0032] Figure 5 shows immunohistochemical staining in two human lung adenocarcinomas.
{06033] Figure 6 is a bar chart showing median best response from a mouse ovarian clinical trial
using a NaPi2b-targeted polymer antibody-drug conjugate disclosed 1o WO 2017/160754, n=3, 3
mg/kg qweekx3. The y axis shows the median best response; the x axis shows the model number.
The darker colored bars indicate naive tumors and the lighter colored bars indicate post-treatment
tumors.

{0034] Figure 7 is a bar chart showing START Ovarian Models, ordered by median best response;
and colored by H score (all models). The darker the color the greater the H-score. The y axis shows
the median best response; the x axis shows the model number.

{0035] Figure 8 is a scatter plot showing lung, and ovary human tumors and xenografts. Graphed
by H Scores {y axis) and tissue type (X axis}, colored by median best response for the xenografts.
Lighter colors correspond to more anti-tumeor effect; dark colors correspond to less anti-tumor
effect.

{8036] Figure 9 is a box plot showing RNAseq data extracted from TCGA showing differential
expression of NaPiZb, Napsin A, CKS and TTF1 in Lung SCC and ACC. Immunochistochemical
panels detecting protein expression from panels such as Napsin A, CKS and TTF1 can be used in
the classification of squamous cell lung carcinoma and lung adenocarcinoma. Detection of
expression of NaPiZb could be used to supplement the currently used panel.

{0037] Figure 10 is a scatter plot showing RNAseq data extracted from TCGA. NaPiZb 15 shown
on the x-axis and Napsin A is shown on the v-axis. Expression of Cytokeratin 5 is indicated by
color, with darkest being highest expression level. Most tissues annotated as squamous cell
carcinoma {circle shape) are contained within the solid line oval. Most tissues annotated as
adenocarcinoma (square shape) are in the upper right quadrant of the graph. Some tumors classified

as squamous cell carcinoma area also located in the upper right quadrant, are marked with the
7
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dashed circle, and are low expressers of cytokeratin. Use of a protein marker, such as NaPiZb might
refine the classification of tumors such as those in the dashed circle.

{0038] Figure 11 shows TCGA provisional data as of on May 21, 2018 of lung SCC and ACA
extracted from cBioPortal and graphed to show the relationship of NaPiZb RNA expression
compared with the TTF-1, Napsin A, CK5 and p63 genes, some genes whose protein products are
frequently used to distinguish SCC from ACA. The upper row shows the ACA RNA results and the
lower row the SCC RNA results. NaPi2b is shown on the x-axis.

{0039] Figure 12 shows the TCGA provisional RNAseq data as of on May 21, 2018 of lung SCC
and ACA extracted from cBioPortal and graphed individually to show the relatiouship of the
SCL34A2, TTF-1, Napsin-A, CK35 and p63 genes for ACA and SCC. In each plot the ACA results
are to the left and the SCC data to the right. The y axis is a measure of RNA expression, as
determined by RNAseq..

{0040] Figure 13 shows H-scores obtained from NaPi2B THC evaluation of a tissue microarray of
SCC and ACA tumors.

{0041} Figure 14 15 a box plot of H-Scores from the same tissue set when the histology subtype

was further characterized using p40 and TTF-1 IHC stains.

DETAILED DESCRIPTION
{0042] The present in provides composition and methods of identifying subject whom would
respond to a NaPi2b-targeted antibody-drug conjugate (such as NaPi2b antibody-polymer-drug
conjugate}.
{0043] The present invention is based in part upon the discovery of that a NaPiZb antibody-
polvmer-drug conjugate, (ADC) comprised of a fully bumanized IgG1 antibody against NaPiZb,
XMT-1535, has shown anti-tumor effect in models of both lung and ovarian cancer. (See, WO
2017/160754, the contents of which are incorporated by reference in its entirety). Efficacy of an
ADC is due, at least in part, to the degree or pattern of target expression in a tumor or tumor model.
In order to accurately describe the pattern of NaPiZb expression in models of human tumors and in
primary human tumors a reagent, MERS67 (aka MERG7) was developed and validated for
immunochistochemistry (IHC). Understanding the NaPi2b expression in human tumors will provide
a more rational and personalized therapy for patients having cancers that express NaPi2b.
{0044] MERS67 is a human rabbit chimera antibody that was based upon humanized anti-NaPi2b

antibody, XMT-1535. XMT-1535 is the antibody portion of ADC disclosed in WO 2017/160754.
3
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Specifically, MERSO7 contains the human and heavy light chain region of XMT-1535 joined to a
rabbit IgG1 constant region or the rabbit Ig kappa-b4 chain C region, respectively.

i8045] Accordingly, the present invention provides in part, a NaPi2b chimeric antibody. More
specifically, the present invention provides a NaPi2b chumeric antibody based upon the variable
regions of XMT-1535. The invention further provides methods of predicting the responsiveness of
a cancer patient to treatment with a NaPi2b-targeted polymer antibody-drug conjugate disclosed in
WO 2017/160754by determining the expression levels of NaPi2b of the tumor sample. In specific
embodiments, expression levels of NaPi2b of the tumor sample is determined
immunohistochemically using MERS67.

{06046] The present invention also provides in part a method of identifying patients who would
benefit from treatment with a NaPi2b-targeted polymer antibody-drug conjugate disclosed in WO
2017/160754by (1) determining the expression levels of NaPi2b of the tumor sample as determined
immunohistochemically using MERS67 and (it} informing the patient that they would benefit trom
treatment with a NaPi2b-targeted polymer antibody-drug conjugate.

{6047} The present invention also provides in part a method of predicting the responsiveness
of a cancer patient o treatment with a NaPiZb-targeted polymer antibody-drug conjugate
comprising the steps of (1) determining the expression levels of NaPi2b of the tumor sample as
determined immunohistochemically using MERS67 and (i1) classifying the patient as having a high
likelihood of responding to the treatment wherein a level of NaPi2b in the tumor sample obtained
from the patient at or higher than a predetermined cut-off point indicates that the patient has
increased likelihood of benefit from treatment with a NaPiZb-targeted polymer antibody-~drug
conjugate. The present invention also provides in part a method for determining the likelihood that a
patient with cancer will exhibit benefit from treatment with a NaPi2b-targeted polymer antibody-
drug conjugate, the method comprising: determining an expression level of NaPiZb in a sample
obtained from the patient, wherein a level of NaPi2b 1o the sample obtained from the patient at or
higher than a predetermined cut-off point indicates that the patient has increased likelihood of
benefit from the anti-cancer therapy.

{0048] The present invention also provides in part a method for optimizing the therapeutic
etficacy of an anti-cancer therapy comprising a NaPiZb-targeted polymer antibody-drug conjugate,
the method comprising: determining expression levels of NaPiZb in a tumor sample obtained from

the patient, wherein a level of NaPi2b in the sample obtained from the patient at or higher than a
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predetermined cut-off point indicates that the patient has increased likelihood of benefit from the
NaPiZb-targeted polymer antibody-drug conjugate therapy.

18049] The present invention also provides in part a method for treating cancer in a patient, the
method comprising determining that a tumor sample obtained from the patient has a level of NaPiZb
at ot above the level of NaPiZb in a reference sample and administering an effective amount of a
NaPiZb-targeted polymer antibody-drug conjugate to said patient, whereby the cancer is treated.
{005¢] The present invention also provides in part a method for monitoring effectiveness of
treating cancer in a patient, the method comprising determining that a tumor sample obtained from
the patient has a level of NaPi2b at or above the level of NaPiZb in a reference sample and
administering an effective amount of a NaPi2b-targeted polymer antibody-drug conjugate to said
patient, whereby the cancer 15 treated

i8051] The present invention enables oncologists to increase monitoring of and/or provide more

aggressive and optimal preventive interventions or treatments to specific subsets of patients.

Chimeric RaPi2b Antibodies

[0052] The present invention provide chimeric antibodies having human variable regions and
non-human constant regions. Specifically the chimeric antibodies described herein specifically
recognize NaPi2b expression. Exemplary human variable regions used in the chimeric antibodies
disclosed herein include, for example, the variable regions of the anti-NaPi2b antibody described in
WO 2017/160754and reterred to XMT-1535. XMT-1535 antibodies show specificity for human
NaPi2b and they have been shown to inhibit the functional activity of NaPi2b in viro.

{0053] A specific chimeric NaPi2b antibody according to the invention includes a heavy chain
variable region (VH) and a light chain vanable region (VL), as shown in the amino acid and nucleic
acid sequences presented below.

{0054] The complementarity deternmining regions {CDRs) of the heavy chain and the light chain
are underlined in the amino acid seguences presented below. The amino acids encompassing the
complementarity determining regions (CDRs) for the XMT-153S antibody are as defined by E.A.
Kabat et al. (See Kabat, H A, ef a/., Sequences of Protein of immunological interest, Fitth Edition,
US Department of Health and Human Services, US Government Printing Office (1991}) and are
disclosed in US Patent 8,603,474, and the amino acids encompassing the CDRs for the 10H1.11 4B
antibody are as defined in U.S. Patent No. 8,535,675,

10
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XMT-1535 Heavy chain variable region amino acid sequence

OVOLVOSGAEVVEPGASVKMECRASGYTEFTGYNTHWVRKQAPGOGLEWIGAT Y PGNGDTSYKQRFRGRATLTADTSTSTVY

MELSSLRSEDSAVYYCARI

ETARATFAYWGQGTLVIVSSG (SEQ ID NO: 1)

CDRHLl: GYTEFTGYNIH (3SEQ ID NO: 3}
CDRHZ: AIYPGNGDTSYKOKFRG (SEQ ID NO: 4)

CDRH3: GETARATFAY (SEQ ID NO: 5)

XMT-1535 Heavy chain variable region nucleic acid sequence

CAAGTTCAGCTGGTTCAGTCTGGCGCCEAGETTCT GARAACCTGGCECCTCT GTGAAGAT GAGCTGCAAGGCCAGCEECTA
CACCTTCACCGGCTACARCATCCACT GEETCAAGCAGGCCCCT GEACAGGEACT CGART 3GATCGGAGCCATCTATCCCE
GCAACGECGACACCAGCTACAAGCAGAAGTTCCGGGGCAGAGCCACACTGACCGCCGATACAAGCACCAGCACCGTGTAL

- . A B o T T Ly ~ N Ty (N ST
ATGGAACTGAGCAGCCTGAGAAGCGAGGACAGCGCCGTCTACTAT T GCGCCAGAGGCGAAACAGCCAGAGCCACCTTTGC

]

CTATTGC

Q

s

i

Q
u

GG SGEAACCCTGETCACCGTTAGCTCT (3EQ ID NO: 9)

XMT-1535 Light chain variable region amino acid sequence

DIOMTQSPSSLBASVGEDRVTITCSASODIGNEFLNWYQCKPGKTVRVLIY?

SGSGTDYTLTISSLCP

{

EDFATYYCOQYS LTFGOGTKLELKR (SEQ ID NO: 2)
CDRL1: SASQDIGNELN (SEQ ID NG: ©)
CDRLZ: YTS3LYS (SEQ ID NC: 7)

CDRL3: QQYSKLPLT (SEQ ID NO: 8)

XMT-1535 Light chain variable region nucleic acid sequence
GATATTCAGATGACACAGAGCCCCAGCAGCCT GTCTGCCTCTETGGEAGACAGAGT GACCATCACCTGTAGCGCTCAGCCA

GGATATCGGCAACTTCCTGAACTGGTATCAGCAGAAACCCGGCAAGACCGTGAAGGT GCTGATCTACTACACCT CCAGCC

TETACAGCGGCETGCCCAGCAGATTT TOTGGCAGCEGCTCTGECACCGACTACACCCTEACCATATCTAGCCTGCAGCCT
GAGGACTTCGOCACCTACTACTGCCAGCAGTACAGCAAGCTGCLCCTGACATTTGECCABGGCACCAAGC TGEAACTGAA

G {3EQ ID NC: 10}

{0085] The constant region of the chimeric antibodies according to the invention can be derived
from any species other than human. For example, the heavy and light chain constant regions
derived from for example, but not limited to a rabbit, mouse, rat, horse, cow, or chicken.

{6056] In some aspects, the chimeric antibody according to the invention includes a rabbit heavy
chain constant region and a rabbit light chain constant region. For example, the chimeric antibody
according to the tnvention includes a rabbit IgGl constant region and a rabbit I(G kappa constant

region.
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{06057} In a preferred embodiment the chimeric antibody according to the invention includes a
rabbit heavy chain constant region (VH), and a light chain variable region (VL), as shown in the
amino acid and nucleic acid sequences presented below.

{0058] Rabbit IgGl Constant Region Amino Acid Sequence

GOPKAPSVFPLAPCCGDTPSSTVTLGCLVKGYLPERPVIVIWNSGTLTNGVRTEPSVROSSCGLY SLESVVSVTSSSQPVTCRY

1

AHPATNTKVDKTVAPSTCSKPTCPPPELLGGPSVEIFPPKPKDTLMISRT PEVTCVVVDVSEDDPEVOFTWY INNEQVRTAR
PPLREQOFNSTIRVVSTLPIAHEDWLRGKEFKCEVHNKALPAPTIEKTIS

GEYPSDISVEWERNGKAEDNYKTTPAVLDSDGSYFLYSKLSVPTSEWQRCGDVETCSVMHEALHNHEYTOKSISREPGK

5t

ARGCCPLEPEVYTMGPPREELSSRSVSLTCMIN

(SEQ ID NO:11)
{GGSEB] Rabbit Ig kappa-b4 Constant Region Amino Acid Sequence

RDPVAPTVLIFPPAADQVATGTIVT IVCVANKY PPDVIVIWEVDGTTOQTTCIENSKTPONSADCTYNLSSTLTLTSTQYNSHKE

fos

YTCKVTQGTTSVVESFNRGDC (SEQ ID NO:i2)
{0060} Rabbit IgG1 Constant Region Nucleic Acid Sequence

CTGTGGCCATACCCCTACCAGCACAGT GACACTGGCCTET
SGAATAGCGECACCCTGACCAACGGLG ACATTTCCTAC
SGTGTCTGTEACCAGCAGCTCTCAGCCT SACCTGCAATETE
SCTCCCTCCACCTETAGCAAGCCCACAT CTCCACCAGAGC
TAAGGACACCCTEATGATCAGCAGAN C TGAAGTGACCTG
AG 'I T CALC"‘ SGTACATCANRCANCCGAGCAAGTGCCGACCGCCAGA
CCCTGCCTATCGCTCACCAGGATTGGCTGCGGE

SAGARAACCATCTCCAAGCCCAGAGGCCAGCC
CAGATCCGTGETCTCTGACCTGCATGAT CAA
"GAGGACAACTACAAGACAACCCCTGCCGTG
'I GAATGGCAJA CGGGGAGATGTGTTTACCT
: SCAAR (SEQID

AANGGGCTACCTGECCT ’uf«]\\,\,TL;TLy—(,(,L; r ’EA ”‘T

")

sl

ye
T

TC

GGACAGCCT l\h(‘(‘(_"l‘ﬁ CCAGCETGTTCCCTCTGECTCCTT S
SGTC? {
CGTCA

1 0

i) r)

!
bl
!
o

C
I n
=

AU‘TA 2 CAC’JAZ‘J”"”TGGZ‘ CL\,\,X\. :C
. CCctc PGTCTT'“J“CTTCCC#\C
CGTGGTGETGCACCTCTCCCAGGE
CCTCCTCTCAGAGAGCAGCAG

GCAAAGAGCTTCAAGTGCAAC
ACTGCAACCCAAGGTE "L\\.!\.
GGCTTCTACCCCAGCGACLS

"'f.;"A'l' JJC"ZA(‘(‘(‘(‘AC C L_'

aQ Qag

o
e
ol

e
()

3

~
T

~
(&4
e
()
AG

Al

a
m G

GGLC(""'(‘CAACACACCZ‘ A C "G "CC
TCCAATGGCACAAGCAATGGCAAGGC
; "G’[‘A'”AGCAA’SCTCA"‘"‘(‘T(‘C C C AC
>CACAACCACTACACCH

~
“
~
=L
o

e

02

NG:13)

{0061] Rabbit Ig kappa-b4 Constant Region Nucleic Acid Sequence
AGCCATCCTETGOUTCCCACCETGCT CATTTTTCCACCAGUCGCTGATCAGGT GGCCACTGGCACACTGACAAT COTCTGCETS
CCCAACAAGTACTTCCCCGACGTEACCATEACCTCCCAAGTCGATGGCACCACACAGAC CACAGCCATCCAGAACAGCARGACT
CCTCAGAACAGCGCCGACTGCACCTACARCCTGAGCAGCACCCTGACACTGAC CAGCACACAGTACAACAGCCACARAGAGTAC

ACCTGTAAAGTCACCCAGGECACAACCAGCETGETGCAGAGCTTCAACACAGGCGATTGC (SEQ ID NC:14)

{0062] In a more preferred embodiment, the chimeric NaPi2b antibody, MERS6G7, includes a
heavy and light chain amino acid and nucleic acid sequence presented below.

{06063] Chimeric NaPi2b antibody heavy chain amino acid sequence
QVOLVQOSGAEVVKPGASVKMSCRASGYTFTGYNTHWVKOAPGOGLEWI GAT Y PGNGDTSYKQKFRGRATLTADT STSTVY
MELSSLRSEDSAVYYCARGETARATFAYWGQGTLVTVS SGOPKAPSVFPLAPCCGDTESSTVTLGCLVKGYLEEPVTVTH
NSGTLTNGVRTFPSVRQSSGLYSLSSVVSVTESSQPVTCNVAHPATNTKVDKTVAF STCSKPTCPPPELLGGESVFIFPP

KFEDTL

CVVVDVSEDDPEVOFTWY INNEQVRTARPPLREQQFNSTIRVVSTLP IAHEDWLRGKEFKCKVHN

o

ALPAPTERTISKARGOPLEPKVYTMGPPREELSSRSVSLTCMINGEYPSDISVEWERKNGKAEDNYKTTPAVLDSDGSYE
LYSKL3VPTSEWQRGDVETCSVMHEA LHNHYTQKSISRSPGK (SEQ ID NO:15)
12
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{0064] Chimeric NaPi2b antibody light chain amino acid sequence

{ﬁﬁﬁSE DIOMTQSPSSLIASVGDRVTITCSASQDIGNFLNWYQORKPGKTVKVLIYYTSSLYSGVPSRESGSGSGTDYT

LTISSLOPEDFATYYCOOY SKLPLTEFGQGTKLELKRDPVAPTVLIFPPAADQVATGTVT IVCVANKY FPPDVTVTWEVDGT

i)

TQTTGIE NSKTPONSADCTYNLSSTLTLTSTOYNSHKEYTCKVTQGTTSVVOSFNRGDC (SEQ ID NG:16)
{8066] Chimeric NaPi2b antibody heavy chain nucleic acid sequence
CAAGTTCAGCTGGTTCAGTCTGGCGCCGAGETTCTGARACCTGGCGCCTCTGTGAAGAT GAGCTGCAAGGCCAGCEGCTA

ATOC

CACCTTCACCGGCTACAACATCCACTGGGETCAAGCAGGCCCCTGGACAGGGACTCGAAT GGATCGGAGCCATCTATCCCG

GCAACGGCGACACCAGCTACAAGCAGAAGTTCCGGGGCAGAGCCACACTGACCGCCGATACAAGCACCAGCACCGTGTAC
ATGGAACTGAGCAGCLTGAGAAGCGAGGACAGCGCCGTETACTATTGCGCCAGAGGCGARAACAGCCAGAGCCACCTTTGE

CTATTGGGEGCCAGGGAACCCTGGETCACCGTTAGCTCTGGACAGCCTAAGGCTCCCAGCETGTTCCCTCTGGCTCCTTGCT

GTGGCGATACCCCTAGCAGCACAGTGACACT GGGCTGTCTGETCAAGGGCTACCTGCCTGAACCTGTGACCETGACCT GG
AATAGCGGCACCCTGACCAACGGCGTEGCGCACATTTCCTAGCETCAGACAGAGCAGCGELCTGTACTCTCT GAGCAGCET
GGTGTCTGTGACCAGCAGCTCTCAGCCTGTGACCTGCAATGTGGCCCATCCTGCCACCAACACCAAGGTGGACAAAACCS

TGGCTCCCTCCACCTGTAGCAAGCCCACATGTCCTCCACCAGAGCTGCTCGGAGGCCCCTCCETGTTTATCTTCCCACCT

ARAGCCTAAGGACACCCTGATGATCAGCAGAACCCCTGAAGTGACCTGUGTGGTGETGGACGTGTCCGAGGATGATCCTGA
CA G

SGTGCAGTTCACCTGGTACAT CAACAACGAGCAAGT GCGGACCGCCAGACCT CCTCTGAGAGAGCAGCAGTTCAACAGCA
CCATCAGAGTGGETGTCTACCCTGCCTATCGCTCACGAGGATTGECT GCEEEECARAGAGTTCAAGTGCAAGGETGCACAAL

ATCTC

TGCCTCOTCCTATC

GAGAAAACCA

CAGCCACTGGAACCCAAGGTGTACACAATGGS
CCCTCCAAGAGAGGAACT GTCCAGCAGATCCGTGTCTCTGACCTGCATGATCAACGGCTTCTACCCCAGCGACATCAGCG

TGGAATGGGAGAAGAAT GGCAAGGCCGAGGACAACTACAAGACAACCCCT GCCETGCT GGATAGCGACGGCAGCTACTTC

CTCTACAGCAAGCTGAGCETGCCCACCTCTGAAT GECAACGGEGAGATGCTCT TTACCTGCAGCGTGATGCACGAGGCCCT
GCACAACCACTACACCCAGAAGTCCATCAGCAGGTCCCCAGGCAAA (SEQ ID NO:17)
{0067] Chimeric NaPi2b antibody light chain nucleic acid sequence

GATATTCAGATGACACAGAGCCCCAGCAGCCTGTCTGCCTCTETGGGAGACAGAGTGACCAT CACCTGTAGCGCCAGCCA
GGCAAGACCGTGAAGGTGCTGATCTACTACACCTCCAGCC
AGCGGCETGCCCAGCAGATTTTCTGGCAGCGGCTCTGGCACCGACTACACCCTGACCATAT CTAGCCTGCAGCCT

GAGGACTTCGOCACCTACTACTGCCAGCAGTACAGCAAGCTGCLCCTGACATTTGECCABGGCACCAAGC TGEAACTGAA

GAGGGATCCTGTGGLCTCCCACCETGCTGATTTTTCCACCAGCCGCTGAT CAGGTGECCACTGGCACAGTGACAATCGTG
GCGTGGCCAACAAGTACTTCCCCGACGTGACCETGACCTGGGAAGT CGATGGCACCACACAGACCACAGGCATCGAGAAL

AGCAAGACCCCTCAGAACAGCGCCGACTGCACCTACAACCTGAGCAGCACCCT GACACTGACCAGCACACAGTACAACAG

GCTTCAACAGAGGCCGATTGC {SEQ

{8068] In some embodiments the chimeric NaPi2b antibody includes a variable heavy chain
complementarity determining region 1 (CDRH1) comprising an anmino acid sequence at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the amino acid sequence
GYTFTGYNIH (SEQ ID NO: 3); a variable heavy chain complementarity determining region 2
(CDRH2) comprising an amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%
i
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98%, 99% or more identical to the amino acid sequence AIYPGNGDTSYKQKFRG (SEQ ID

NO: 4); and a variable heavy chain complementarity determining region 3 (CDRH3) comprising an
amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more
identical to the amino acid sequence GETARATFAY (SEQ 1D NO: 5.

{0069] In some embodiments the chimeric NaPiZb antibody includes a variable light chain
complementarity determining region 1 (CDRL 1) comprising an amino acid sequence at least 90%,
91%%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the amino acid sequence
SASQDIGNFLN (SEQ ID NO: 6); a variable light chain complementarity determining region 2
(CDRL2) comprising an amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%
98%, 99% or more identical to the amino acid sequence YTSSLYS (SEQ ID NG: 7); and a variable
fight chain complementarity determining region 3 (CDRL3) comprising an amino acid sequence at
feast 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the amino acid
sequence QQYSKLPLT (SEQ ID NO: 8).

{6078]  In some embodiments the chimericNaPi2b antibody includes a CDRHI comprising an
amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more
identical to the amino acid sequence GYTFTGYNIH (SEQ D NO: 3); a CBRH2 comprising an
amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more
identical to the amino acid sequence AIYPGNGDTSYKQKFRG (SEQ ID NO: 4); a CDRH3
comprising an amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99%
or more identical to the amino acid sequence GETARATFAY (SEQ ID NO: 5); a CDRL1
comprising an amino actd sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99%
or more identical to the amino acid sequence SASQDIGNFLN (SEQ ID NO: 6);, a CDRL2
comprising an amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99%
or more identical to the amino acid sequence YTSSLYS (SEQ ID NO: 7); and a CDRL3 comprising
an amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more
identical to the amino acid sequence QQYSKLPLT (SEQ ID NO: 8).

{0071] In some embodiments the chimeric NaPiZb antibody includes a variable heavy chain (VH)
region comprising an aming acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%
98%, 99% or more 1dentical to the amino acid sequence of SEQ ID NO: 1. In some embodiments
the chimeric NaPi2b antibody includes a vanable light chain (V1) region comprising an amino acid
sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the

amino acid sequence of SEQ ID NO: 2,
14
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{06072} In some embodiments the chimeric NaPiZb antibody includes a VH region comprising an
amino acid sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more
identical to the amino acid sequence of SEQ D NO: 15, and a VL region comprising an amino acid
sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the
amino acid sequence of SEQ ID NQO: 16.

{6073] In some embodiments the chimeric NaPiZb antibody includes a variable heavy chain
complementarity determining region 1 ({CDRH1) comprising an amino acid sequence at feast 35%,
86%, B7% 8R%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to
the amine acid sequence GYTFTGYNIH (SEQ 1D NO: 3); a variable heavy chain complementarity
determining region 2 (CDRH2) comprising an amino acid sequence at least 85%, 86%, 87% 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the amino acid
sequence AIYPGNGDTSYKQKFRG (SEQ 1D NG: 4); and a variable heavy chain complementarity
determining region 3 (CDRH3) comprising an amino acid sequence at least 85%, 8%, 87% 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the amino acid
sequence GETARATFAY (SEQ ID NO: 5).

{6074] In some embodiments the chimeric NaPi2b antibody includes a variable light chain
complementarity determining region 1 (CDRL1} comprising an amino acid sequence at least 85%,
86%, B87% BR%%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to
the amino acid sequence SASQDIGNFLN (SEQ ID NO: 6); a variable light chain complementarity
determining region 2 (CDRL2) comprising an amino acid sequence at least 85%, 86%, 87% 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the amino acid
sequence YTISSLYS (SEQ ID NO: 7); and a variable light chain complementarity determining
region 3 (CDRIL3)} comprising an aming acid sequence at least 85%, 86%, 87% 88%, 89%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the amino acid sequence
QQYSKLPLT (SEQ ID NO: 8).

i8075] In some embodiments the chimeric NaPi2b antibody includes a CDRH1 comprising an
amino acid sequence at least 85%, 86%, 87% 88%, 89%, 90%, 31%%, 92%, 93%, 94%, 95%, 96%,
97% 98%, 99% or more identical to the amino acid sequence GYTFTGYNIH (SEQ ID NO: 3); a
CDRH2 comprising an amino actd sequence at least §5%, 86%, 87% 88%, 89%, 90%, 91%, 92%,
93%%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the amino acid sequence
ATYPGNGDTSYKQKFRG (SEQ 1D NO: 4); a CDRH3 comprising an amino acid sequence at least

85%, 86%, 87% 88%, 89%, 90%, 01%. 92%, 93%, 94%, 95% 96%, 97% 98%, 99% or more
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identical to the amino acid sequence GETARATFAY (SEQ 1D NG: 5), a CDRL1 comprising an
amino acid sequence at least 85%, 86%, 87% 838%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97% 98%, 99% or more identical to the amino acid sequence SASQDIGNFLN (SEQ D NG: 6); a
CDRL2 comprising an amino acid sequence at least 85%, 86%, 87% 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the amino acid sequence YTSSLYS
(SEQ ID NO: 7); and a CDRL3 comprising an amino acid sequence at least 85%, 86%, 87% 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the amino acid
sequence QQYSKLPLT (SEQ ID NO: 8).

{6076] In some embodiments the chimeric NaPiZb antibody includes a variable heavy chain (VH)
region comprising an amino acid sequence at least 85%, 86%, 87% 88%, 89%, 90%, 91%, 92%,
93%%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the amino acid sequence of SEQ 1D
NO: 1. In some embodiments the chimericNaPi2b antibody includes a variable light chain (VL)
region comprising an amino acid sequence at least §5%, 86%, 87% 88%, §9%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97% 98%, 99% or more identical to the amingo acid sequence of SEQ ID
NO: 2.

{86077} In some embodiments the chimeric NaPi2b antibody includes a VH region comprising an
amino acid sequence at least 85%, 86%, 87% 88%, 89%;, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97% 98%, 99%% or more 1dentical to the amino acid sequence of SEQ ID NO: 15, and a VL region
comprising an amino acid sequence at least 85%, 86%, 87% 88%, 89%, 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97% 98%, 99% or more identical to the amino acid sequence of SEQ 1D NO: 16
{6078] Those skilled in the art will recognize that it is possibie to determine, without undue
experimentation, if a chimeric antibody has the same specificity as a chimeric antibody disclosed
herein (e.g., MERS67) by ascertaining whether the former prevents the latter from binding to a
natural binding partner or other molecule known to be associated with NaPiZb. If the antibody being
tested competes with the chimeric antibody disclosed herein, as shown by a decrease in binding by
the chimeric antibody disclosed herein, then the two antibodies bind to the same, or a closely
related, epitope.

{6079] An alternative method for determining whether a monoclonal antibody has the specificity
of monoclonal antibody disclosed herein is to pre-incubate the chimeric antibody disclosed herein
with soluble NaPiZb (with which it is normally reactive), and then add the antibody being tested to

determine if the antibody being tested is inhibited in its ability to bind NaPi2b. ¥ the antibody being
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tested is inhibited then, in all likelihood, it has the same, or functionally equivalent, epitopic
specificity as the chimeric antibody disclosed herein.

{008¢] Screening of chimeric antibodies disclosed herein, can also be carried out, e.g., by
measuring NaPi2b-mediated activity, and determining whether the test chimeric antibody is able to
modulate, block, inhibit, reduce, antagonize, neutralize or otherwise interfere with NaPi2b activity,
{0081} Chimeric antibodies can be made by recombinant DNA methods, such as those described
in U.S. Patent No. 4,816,567, BNA encoding the monocional antibodies disclosed herein can be
readily isolated and sequenced using conventional procedures (e.g., by using oligonucleotide probes
that are capable of binding specifically to genes encoding the heavy and light chains of murine
antibodies). The hvbridoma celis disclosed herein serve as a preferred source of such DNA. Once
isolated, the DNA can be placed into expression vectors, which are then transfected into host cells
such as simian COS cells, HEK293 cells, Chinese hamster ovary (CHO) cells, or myeloma cells that
do not otherwise produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies
in the recombinant host cells. The DNA also can be modified, for example, by substituting the
coding sequence for human heavy and light chain constant domains in place of the homologous
murine sequences (see U8, Patent No. 4,810,567, Morrison, Nature 368, 812-13 {1994} or by
covalently joining to the immunoglobulin coding sequence all or part of the coding sequence for a
nou-immunoglobulin polypeptide. Such a non-immunoglobulin polypeptide can be substituted for
the constant domains of an antibody disclosed herein, or can be substituted for the variable domains
of one antigen-combining site of an antibody disclosed herein to create a chimeric bivalent
antibody.

{0082] A chimeric NaPi2b antibody is generated, for example, using the procedures described in
the Examples provided below.

{0083] The chimeric NaPi2b antibodies disclosed herein can be expressed by a plasmid or vector
containing a DNA segment encoding the antibody described above. The plasmid or vectors can be
transfected in cells for expression. For example, the cells are HEK293 cells or CHO celis.

{0084] These vectors, plasmid and cells can be used to express large quantities of antibodies that
can be used in a variety of ways. For example, to detect the presence of NaPi2b in a sample.

{0083} Antibodies are puritied by well-known technigues, such as affinity chromatography using
protetn A or protein G, which provide primarily the IgG fraction of immune serum. Subsequently,
or alternatively, the specific antigen that is the target of the immunoglobulin sought, or an epitope

thereof, may be immobilized on a column to purify the immune specific antibody by
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immunoaftinity chromatography. Purification of immunoglobulins is discussed, for example, by D.
Wilkinson (The Scientist, published by The Scientist, Inc., Philadelphia PA, Vol. 14, No. 8 (Apnil
17, 2000, pp. 25-28).

{0086] Chimeric antibodies disclosed herein are also useful in the detection of NaPi2b in patient
samples and accordingly are useful as diagnostics. For example, NaPi2b antibodies disclosed

herein are used in i vitro assays, e.g., IHC, ELISA, to detect NaPiZb levels in a patient sample.

MNaPi2b-targeted polymer antibody-drug conjugate

{0087] In some embodiments, the NaPi2b-targeted antibody, XMT-1535, can be connected with
an agent to form a conjugate. In some embodiments, the agent is a therapeutic agent. In some
embodiments, the agent 15 an antineoplastic agent. In some embodiments, the agent is a toxin or
fragment thereof. In some embodiments, the agent is (a) an auristatin compound; (b} a
calicheamicin compound; (¢} a duocarmycin compound; (d} SN38, (e} a pyrrolobenzodiazepine; (f)
a vinca compound; (g) a tubulysin compound; (h) a non-natural camptothecin compound; (i} a
maytansinoid compound; (3} a DNA binding drug; (k) a kinase inhibitor; (1) a MEK inhibitor; (m) a
KSP inhibitor; (n) a topoisomerase inhibitor; (o) a DNA-alkylating drug; (p) a RNA polymerase
inhtbitor; or analogues thereof. In some embodiments, the agent is conjugated to the NaPiZb-
targeted antibody via a linker. In some embodiments, the hinker is a cleavable linker. In some
embodiments, the linker is a non-cleavable linker. In some embodiments, the agent is any of the
toxins described herein.

{0088] In one aspect, the NaPi2b-targeted antibody conjugate described herein includes an
isolated NaPi2b-targeted antibody, XMT-1535, connected directly or indirectly to one or more
therapeutic or diagnostic agents {"D7). In some embodiments, the NaPi2b-targeted antibody
conjugate also includes one or more polymeric scaffolds connected to the antibody, wherein each of
the one or more D is independently conunected to the antibody via the one or more polymeric
scaffolds. In some embodiments the one or more D is AF-HPA.

{0089] In some embodiments, each of the one or more pelymeric scatfolds that are connected to
XMT-1535 comprises poly(1-hydroxymethylethylene hydroxymethyl-formal) (PHF}, e.g., PHF
having a molecular weight ranging from about 2 kDa to about 40 kDa. In other embodiments, the
PHF having a molecular weight ranging from about 2 kDa to about 20 kDa. In some embodiments,
the PHF having a molecular weight ranging from about 3 kDa to about 15 kDa. In other

embodiments, the PHF having a molecular weight ranging from about 5 kDa to about 10 kDa.
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{6090] In some embodiments, the PHF has a molecular weight ranging from about 6 kDa to
about 8§ kDa.
{0091} In some embodiments, the PHF has a molecular weight ranging from about 6 kDa to

ahout 7 kDa.

{6092] In some embodiments, each of the one or more polymeric scaftolds independently is of

Formula (I):
/‘\{O\(Ox /’\EG\EG\\ /‘\(O\(O‘\ /’\(Q\(Q\\ /\[O\EO\\
OH ©OH OoH O OH O oM O OH O
m ") O O Q
., N i my B Mo [RAES Mg
_ B1 D1 D1
| D1 i;— % li_
N4V 4V,
LPZ L.P2
@D,
wherein:

LP!is a carbonyl-containing moiety;

— C(::OE--LD}--E-- E— c(é::<);;~i,%§m D
in

each occurrence of is independently a first

linker that contains a biedegradable bond so that wheu the bond is broken, D 1s released tn an active

— C(=O)~LD‘--§~w D

form for its intended therapeutic effect; and the 3 in etween L' and D

denotes direct or indirect attachment of D to LV

m(ii(zx@)-LP5-—-—-3«—1}’2

each occurrence of is independently a second linker not yet

connected to the isolated antibody, in which L™ is a moiety containing a functional group that is yet

to form a covalent bond with a functional group of the isolated antibody and the 3 between L7

and LY denotes direct or indirect attachment of L™ to LP! and each occurrence of the second linker

is distinct from gach occurrence of the first linker,
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~——C(=0)-1.D zmg_, 1_;?2__3__,

each occurrence of is independently a third linker that

connects each D-carrying polymeric scaffold to the isolated antibody in which the terminal g
attached to L™ denotes direct or indirect attachment of L™ to the isolated antibody upon formation
of a covalent bond between a functional group of L™ and a functional group of the isolated
antibody; and each occurrence of the third linker is distinct from each occurrence of the first linker;

m is an integer from 1 to about 300,

mi 1s an integer from 1 to about 140,

2 1s an integer from 1 to about 40,

mis is an integer from O to about 18,

mua 1s an integer from 1 to about 10;

the sum of m, m1, mz, m3, and ms ranges from about 15 to about 300; and

the total number of L™ connected to the isolated antibody is 10 or less.
{6093] The conjugate described herein can include one or more of the following features: For
example, in Formula (I}, mi 1s an integer from 1 to about 120 (e.g., about 1-90) and/or m3 is an
integer from 1 to about 10 {e.g., about 1-8).
i8094] For example, when the PHF in Formula (I) has a molecular weight ranging from about 6
kDa to about 20 kDa (1.¢., the sum of o, mi, ma2, w3, and mu ranging from about 45 to about 150},
mz 18 an integer from 2 to about 20, ms is an integer from 0 to about 9, mu is an integer from 1 to
about 10, and/or mu: 1s an integer from 1 to about 75 (e.g., nu being about 4-45).
{6095] For example, when the PHF in Formula (I} has a molecular weight ranging from about &
kDa to about 15 kDa (i.¢, the sum of m, m:, m2, m3, and ms ranging from about 60 to about 110),

~r
/
i

me 18 an integer from 2 to about 15, m3 15 an integer from 0 to about 7, ma4 1s an integer from 1 to
about 10, and/or n1; is an integer from 1 to about 55 {e.g., nu being about 4-30}.

{8096] For example, when the PHF in Formula (1) has a molecular weight ranging from about 2
kDa to about 20 kDa (i.e., the sum of m, mi, m2, m3, and ma4 ranging from about 15 to about 150},
my 18 an integer from 1 to about 20, ms 18 an integer from 0 to about 10 {e.g., ms ranging from 0 to
about 9}, ma is an integer from 1 to about 8, and/or m1 is an integer from 1 to about 70, and the total
number of L™ connected to the isolated antibody ranges from about 2 to about 8 (e.g., about 2, 3. 4,

5,6, 7, or &},
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{0097} For example, total number of L™ connected to the isolated antibody ranges from about 2
to about 6 {e.g., about 2, 3, 4, S or 6).

10098] For example, total number of L™ connected to the isolated antibody ranges from about 3
to about 6 {e.g , about 3, 4, 5 or 6).

{0099]  For example, total number of L™ connected to the isolated antibody ranges from about 3
to about 5 {e.¢., about 3, 4, or 5},

100100] For example, total number of L™ connected to the isolated antibody ranges from about
2 to about 4 (e.g., about 2, 3 or 4).

LY connected to the isolated antibody ranges from about

{00101] For example, total number of
3toabout4 (e.g., about 3 or 4}

{00102] For example, when the PHF in Formula (I} has a molecular weight ranging from about
3 kDa to about 15 kDa (i.e., the sum of m, mu, mz, m3, and m4 ranging from about 20 to about 110),
n1; 18 an integer from 2 to about 15, ms 18 an integer from 0 to about 8 (e.g., ms ranging trom 0 to
about 7}, ma is an integer from 1 to about 8, and/or m: is an integer from 2 to about 50, and the total
number of L™ connected to the isolated antibody ranges from about 2 to about 8 (e.g., about 2, 3. 4,
5,6, 7, or &},

180103} For example, when the PHF in Formula (1) has a molecular weight ranging from about
5 kDato about 10 kDa, (1.e., the sum of m, mu, mz, m3 and my ranges from about 40 to about 75),
mz 18 an integer from about 2 to about 10 {e.g., m being about 3-10}, ny; is an integer from 0 to
about 5 (e.g., ms ranging from O to about 4), ma is an integer from 1 to about 8 (e.g., w4 ranging
from 1 to about 5), and/or m is an integer from about 2 to about 35 {e.g., m1 being about 5-35), and
the total number of L™ connected to the isolated antibody ranges from about 2 to about 8 (e.g.,
about 2,3,4,5,6,7, or 8).

{00104] For example, each occurrence of D independently is a therapeutic agent, e.g., having a
molecular weight of <5 kDa.

180105] For example, each occurrence of D independently is a diagnostic agent or a label.
[60106] For example, some occurrences of D independently are therapeutic agents {e g, having
a molecular weight of <5 kDa) and the other cccurrences of D are diagnostic agents or labels.
{60107} For example, each occurrence of D independently 1s an anti-cancer drug, for example,
selected from vinca alkaloids, auristating, tubulysins, duocarmycins, non-natural camptothecin

compounds, maytansinoids, calicheamicin compounds, topoisomerase inhibitors,
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pyrrolobenzodiazepines, DNA binding drugs, DNA-alkvlating drugs, RINA polymerase inhibitors,
kinase inhibitors, MEK inhibitors, KSP inhuibitors, and analogs thereof.

{00108} For example, each occurrence of the auristatin compound is auristatin, dolastatin (e.g.,
dolastatin 10 or dolastatin 15}, monomethylauristatin E (MMAE), monomethylauristatin F
{(MMAF), auristatin F hydroxypropyl amide (AF HPA), monomethylauristatin F hydroxypropyl
amide (AF HPA), or auristatin F phenylenediamine (AFP).

100109} For example, each occurrence of the duocarmycin or analog thereof 1s duocarmycin A,
duocarmycein B, duocarmycin B2, duocarmycin C1, duocarmycin C2, duocarmycin D,
duocarmyecin SA, CC-1065, adozelesin, bizelesin, or carzelesin,

{00110} For example, each occurrence of the camptothecin compound s camptothecin, CPT-11
(irinotecan), SN-38, or topotecan.

00111} For example, each occurrence of the pyrrolobenzodiazepine compound is a
pyrrolobenzodiazepine monomer, a symmetrical pyrrolobenzodiazepine dimer or an unsymmetrical

pyrrolobenzodiazepine dimer.

R LD EMSWLPQ

{00112] For example, each when not connected to the isolated antibody,

independently comprises a terminal group W*, in which each W* independently is:
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wherein
ring A is cycloatkyl or heterocycloalkyl,
ring B is cycloalkyl, heterocycloalkyl, aryl, or heteroaryi;
R'% is 3 leaving group:
R!A s a sulfur protecting group;
RY is hydrogen, an aliphatic, heteroaliphatic, carbocyclic, or heterocycloalkyl moiety;
R*is hydrogen, an aliphatic, aryl, heteroaliphatic, or carbocyclic moiety;

R¥is Cie alkyl and each of Z1, Zz 73 and 77 is independently a carbon or nitrogen atom;
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R¥ is hydrogen, halogen, OR, -NO», -CN, -8(OpR, Cia4 alkyl (e.g., Cis alkyl), or 6-24
membered aryl or heteroaryl, wherein the Ci24 alkyl (e.g., Cis alkyl), or 6-24 membered aryl or
heteroaryl, is optionally substituted with one or more aryl or heteroaryl; or two RY together form an
annelated cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; R is hydrogen, alkyl, heteroalkyl,
cycloalkyl, or heterocycloatkyl;

RYis C(RYy, O, 8 or NR; and

ziisaninteger 1,2, 3,4, 5,6,7, 8,9 or 10.

G
Ry R z:‘iﬂ N-RST
RS
3 A s3 ’\ﬂ/
. .- COOR
00113 For examiple, each R4 independently is ~ * ﬁ? ; O ,
p p )

5%

32
/‘% \ /\-QSGSRSS 54 R 83 . . P .1 %) 7 .
2 ,or R "COOR™ in whichris | or 2 and each of R¥, R and R¥ is hydrogen,

an aliphatic, heteroaliphatic, carbocyelic, or heterocycloalkyl motety.

R4

)
P
|

/N ué)* o -
{00114} For example, ring A can be == ; ™ or

wherein R® is hydrogen, halogen, Cia4 alkyl (e.g., Cis alkyl), or 6-24 membered aryl or heteroaryl,
wherein the Cia4 altkyl (e.g., Ci alkyl), or 6-24 membered aryl or heteroaryl, 1s optionally

substituted with one or more aryl or heteroaryl.

{00115] For example, ring A can be
{00116]  For example, the functional group of L™ that is yet to form a covalent bond with a
functional group of the isolated antibody {(such as a functional group or a reactive moiety on an
amino acid residue of the antibody, for example, a tunctional group on a cysteine residue or a lysine

residue of the antibody), 15 selected from
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O
Xa
N5
Ky
~8SRP, -8-8-L.G, @ | and halo, in which LG 1s a leaving group, R? is H or a sulfur protecting

group, and one of X, and X is H and the other 15 a water-soluble maleimido blocking moiety, or X
and Xb, together with the carbon atoms to which they are attached for a carbon-carbon double bond.

For example, the functional group of L™ that is yet to form a covalent bond is a functional group

that 1s not reacted with a functional group of the isolated antibody, e.g., O asthe
functional group of L™, in which one of X, and X» is H and the other is a water-soluble maleimido

blocking motety, or Xa and Xb.
{00117]  For example, LP! comprises —X~-(CH2»-C(=0)— with X directly connected to the

—— C(=0)-LP @ e
carbonyl! group of , in which X i1s CHz, O, or NH, and v is an integer from | to

6.

MC(:O)“LDIWS“LP}' o
{60113} For example, each occurrence of is independently —C{=Q0)-
X-ACH2 - C(=0)-NH-(CH2 }u-NH-C(=0)-(CH w-(OCH - NHC(=0)-{CH2 y—M, in which X is

O
Ka

Xy
CH», O, or NH, each of v, u, w, x and y independently is an integer from 1 1o 6, and M is o
, wherein one of X, and Xb ts H and the other is a water-soluble maletmido blocking motety, or X
and X, together with the carbon atoms to which they are attached for a carbon-carbon double bond.
160119] For example, each of v, u, w, x and y is 2.
{60120} For example, the ratio between D and the isolated NaPiZb-targeted antibody, XMT-
1535, is about 25:1, 24:1, 23:1,22:1, 21:1,20:1, 19:1, 18:1, 17:1, 16:1, 151, 14:1, 13:1, 12:1, 11-1,
10:1, %0, 81, 7:1,6:1, 5.1, 41, 3:1, 2l or 101,
{00121} For example, the ratio between D and the isolated NaPi2b-targeted antibody, XMT-
1535, 15 about 20:1, 15:1, 10:1, 5:1, 2:t or 101,
{00122} For example, the ratio between D and the isolated NaPi2b-targeted antibody, XMT-
1535, isabout 16:1, 151, 14:1, 13:1, 12:1, 111 or 10:1.
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{00123} For example, the ratio between D and the isolated NaPiZb-targeted antibody, XMT-
1535, is about 15:1, 14:1, 13:1, 12:1 or 110 1.

i00124] For example, the ratio between D and the isolated NaPiZb-targeted antibody, XMT-
1535, is about 15:1, 14:1, 13:1 or 12:1.

160125] ~For example, the ratio between D and the isolated NaPi2b-targeted antibody, XMT-
1535, is about 14:1, 13:1 or 12:1.

{60126] For example, the ratio between D and the isolated NaPi2b-targeted antibody, XMT-
1535, is about 13:1 or 12:1.

[80127] For example, the ratio between D and the 1solated NaPiZb-targeted antibody, XMT-
1535, is about 12:1.

{00128} For example, the ratio between D and the 1solated NaPi2b-targeted antibody, XMT-
1535, is about 14:1, 13:1, 121, 11:1, 10:1 or 9:1.

100129] For example, the ratio between D and the isolated NaPi2b-targeted antibody, XMT-
1535, 1sabout 13:1, 121, 111, 10: L or 9:1.

{60130} For example, the ratio between D and the isolated NaPi2b-targeted antibody, XMT-
1535, isabout 12:1, 111, 10:1 or 9:1.

{00131} For example, the ratio between D and the isolated NaPiZb-targeted antibody, XMT-
1535, 1sabout 11:1, 10:1 or 9:1.

{00132] For example, each of the one or more D-carrying polymeric scaffolds independently is

of Formula (If):
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wherein:
3 15 an integer from 0 to about 17,

nish iS an integer from 1 to about 8, and

the terminal g denotes the direct attachment of the one or more polymeric scaffolds to
the isolated NaPi2b-targeted antibody, XMT-1535. The scaffold of Formula (If} can include one or
more of the following features:
{00133] The sum of m3z and mse i3 between 1 and 13,
180134} When the PHF in Formula (11} has a molecular weight ranging from about 2 kDa to
about 40 kDa, the sum of m, m1, mz, maa and m3p ranges trom about 15 to about 300, m 1s an
integer from 1 to about 140, mz is an integer from 1 to about 40, maza is an integer from 0 to about
17, m3p 18 an integer from 1 to about 8, the sum of msa and myy ranges from 1 and about 18, and the
ratio between the PHF and the isclated NaPi2b-targeted antibody, X?MT-1535, is 10 or less.
100135] When the PHF in Formula (IT) has a molecular weight ranging from about 2 kDa to
about 20 k3, the sum of m, mi1, mz, m3a and m3p ranges from about 15 to about 150, m1 is an
integer from 1 to about 70, nu 1s an integer from 1 to about 20, m3a 1s an integer from 0 to about 9,

m3 18 an integer from 1 to about 8, the sum of msa and m3b ranges from 1 and about 10, and the
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ratio between the PHF and the isolated NaPiZb-targeted antibody, XMT-1535, is an integer from 2
to about 8 (e.g., from about 2 to about 6 or from about 2 to about 4)..

180136} When the PHF in Formula (11} has a molecular weight ranging from about 3 kDa to
about 15 kDa, the sum of m, m, my, mya and ms3p ranges trom about 20 to about 110, myis an
integer from 2 to about 50, mz is an integer from 2 to about 15, maa is an integer from 0 to about 7,
ma3p is an integer from 1 to about 8, the sum of ms, and m3s ranges from 1 and about 8; and the ratio
between the PHF and the isolated NaPiZb-targeted antibody, XMT-1535, is an integer from 2 to
about 8 (e.g., from about 2 to about 6 or from about 2 to about 4).

{00137} When the PHF 10 Formula (IT) has a molecular weight ranging from about 5 kDa to
about 10 kDa, the sum of m, mi, mz, m3a and m3 ranges from about 40 to about 75, my is an integer
from about 2 to about 35, mz is an integer from about 2 to about 10, msa i an integer from 0 to
about 4, msp is an integer from 1 to about 5, the sum of m3a and np ranges from 1 and about 5; and
the ratio between the PHF and the 1solated NaPi2b-targeted antibody, XMT-1538, is an integer from
2 to about 8 {e.g., from about 2 to about 6 or from about 2 to about 4).

{60138] In certain embodiments, the ratio between auristatin F hydroxypropyl amide ("AF
HPA”) and the isolated NaPi2b-targeted antibody, XMT-1535, can be about 30:1, 29:1, 28:1, 271,
26:1,25:1,24:1,23:1,22:1, 211, 20:1, 19:1, 18:1, 17:1, 16:1, 15:1, 14:1, 13:1, 12:1, 11:1, 10:1,
91,81, 71 or6: 1.

{60139 In certain embodiments, the ratio between AF HPA and the isolated NaPi2b-targeted
antibody, XMT-1535, can be about 25:1, 24:1, 231, 22:1, 21:1, 20:1, 19:1, 18:1, 17:1, 16:1, 15:1,
41, 13:1, 12:1, 11:1, 1oL, &L 81, 7l or 61,

100140} In other embodiments, the ratio between AF HPA and the isolated NaPi2b-targeted
antibody, XMT-1535, can be about 20:1, 19:1, 18:1, 17:1, 161, 15:1, 14:1, 13:1, 12:1, 1101, 1003,
9:1,81,7:1or6:1.

{00141} In some embodiments, the ratio between AF HPA and isolated NaPi2b-targeted
antibody can be about 16:1, 15:1, 14:1, 13:1, 12:1, 11:1 or 10: 1

[60142] In some embodiments, the ratio between AF HPA and isolated NaPi2b-targeted
antibody can be about 151, 14:1, 13:1, 12:1 or 11:1,

{00143] In some embodiments, the ratio between AF HPA and isolated NaPi2b-targeted
antibody can be about 151, 14:1, 13:1or 12:1.

100144] In some embodiments, the ratio between AF HPA and isolated NaPiZb-targeted

antibody can be about 14:1, 13:1 or 12:1.
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{00145] In some embodiments, the ratio between AF HPA and isclated NaPi2b-targeted
antibody can be about 13:1 or 12:1.

i00146] In some embodiments, the ratic between AF HPA and isolated NaPiZb-targeted
antibody can be about 12:1.

{00147] In some embodiments, the ratio between AF HPA and isolated NaPi2b-targeted
antibody can be about 14:1, 13:1, 12:1, 11:1, 10:1 or 9: 1.

{001 48] In some embodiments, the ratic between AF HPA and isolated NaPiZb-targeted
antibody can be about 13:1, 12:1, 11:1, 10:1 or 9:1.

[60149] In some embodiments, the ratio between AF HPA and isolated NaPi2b-targeted
antibody can be about 121, 11:1, 10:1 or 9:1.

{001 50] In some embodiments, the ratio between AF HPA and isolated NaPi2b-targeted
antibody can be about 11:1, 10:1 or 9:1.

{00151] In certain embodiments, the ratio between PHF and 1solated NaPi2b-targeted antibody
can be about 10:1, 9.1, 8:1, 7.1, 6:1, 5:1,4:1,3:1, 2.  or 111,

{60152] In certain embodiments, the ratio between PHYE and isolated NaPi2b-targeted antibody
can be about 8:1, 7:1, 6:1, 5:1, 4:1, 3: T or 2:1.

{80153] In other embodiments, the ratio between PHF and isolated NaPi2Zb-targeted antibody
can be about 6:1, 5.1, 4:1, 3:1, 2:1or 1:1.

{00154] In other embodiments, the ratio between PHY and isolated NaPi2b-targeted antibody
can be about 6:1, S:1, 4:1, 3:1 or 2:1.

{00155 In other embodiments, the ratio between PHF and isolated NaPi2b-targeted antibody
can be about 6:1, 5.1, 4:1 or 3:1.

{00156} In some embodiments, the ratio between PHF and tsolated NaPiZb-targeted antibody
can be about 51, 4:1 or 3:1.

{060157] In some embodiments, the ratio between PHF and 1solated NaPi2b-targeted antibody
can be about 4:1, 3:1 or 2:1.

[60158] In some embodiments, the ratio between PHF and 1solated NaPiZb-targeted antibody
can be about 4:1 or 3:1.

{60139] The water-soluble maleimido blocking moteties {e.g., X, or Xp) are moieties that can
be covalently attached to one of the two olefin carbon atoms upon reaction of the maleimido group
with a thiol-containing compound of Formula (II):

Roo-(CH2)a-SH
30



WO 2019/060542 PCT/US2018/051951

8y

wherein:

Roo 18 NHRo1, OH, COORys, CH{(NHRo}YCOORys or a substituted phenyl group;

Ry 1s hydrogen or Cig alkyl;

Roi 18 hydrogen, CHz or CH3CO and

d 1s an integer from 1 to 3.
{60160] In one embodiment, the water-soluble maleimido blocking compound of Formula (I}
can be cysteine, N-acetyl cysteine, cysteine methyl ester, N-methyl cysteine, 2-mercaptoethanol, 3-
mercaptopropanoic acid, 2-mercaptoacetic acid, mercaptomethanol (1.e., HOCH2SH), benzyl thiol
in which phenvl is substituted with one or more hydrophilic substituents, or 3-aminopropane-1-
thiol. The one or more hydrophilic substituents on phenyl comprise OH, SH, methoxy, ethoxy,
COOH, CHO, COCi4 alkyl, NHz, F, cyano, SOsH, PO3H, and the like.
{00161} In another aspect, the water-soluble maleimido blocking group is -S-{CHz}4-Roo, in

which,
Roo is OH, COOH, or CHINHRs1)COOR3;
Ro3 is hydrogen or CHa;
Ry is hydrogen or CH3CO; and
dislor2
{00162} In another embodiment, the water-soluble maleimidoe blocking group is -8-CHa-
CH(NH2)COOH.
100163} In certain embodiments, the conjugate described herein comprises one or more D-

carrying PHF, each of which independently 1s of Formula (ITT), wherein the PHF has a molecular

weight ranging from about 2 kDa to about 40 kDa:
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(1)
wherein:

m is an integer from 1 to about 300,

mi 15 an integer from 1 to about 140,

m2 is an integer from 1 to about 40,

s 18 an integer from O to about 17,

maw 18 an integer from 1 to about §;

the sum of msa and m3y ranges from 1 and about 18;

the sum of m, mi, mo, m3., and msy ranges from about 15 to about 300,

the terminal % denotes the attachment of one or more PHF polymeric scaffolds to the
isolated NaPiZb-targeted antibody, XMT-1535,

the ratio between the PHF and the antibody 1s 10 or less.
{00164} The scaffold of Formula (1} can include one or more of the following features:
{00165 When the PHF in Formula (JII) bas a molecular weight ranging from about 2 kDa to
about 20 kDa, the sum of m, mu, mp, m3a and msp ranges from about 15 to about 150, miis an
integer from 1 to about 70, m2 is an integer from 1 to about 20, maa is an integer from 0 to about 9,
ma3p 18 an integer from 1 to about 8, the sum of msa and mas ranges from 1 and about 10, and the
ratio between the PHF and the antibody 1s an integer from 2 to about 8.
{00166} When the PHF in Formula (1H) has a molecular weight ranging from about 3 kDa to
about 15 kDa, the sum of m, m, my, mya and ms3p ranges trom about 20 to about 110, myis an
integer from 2 to about 50, mz is an integer from 2 to about 15, maa is an integer from 0 o about 7,
M3 is an integer from 1 to about &, the sum of msa, and map ranges from 1 and about &; and the ratio
between the PHF and the antibody is an integer from 2 to about 8 (e.g., from about 2 to about 6 or
from about 2 to about 4).
{60167} When the PHF in Formula (IH) has a molecular weight ranging from about 5 kDa to
about 10 ka3, the sum of m, mi1, mz, m3a and m3p ranges from about 40 to about 75, m1 s an integer
from about 2 to about 35, m2 is an integer from about 2 to about 10, msa is an integer from 0 to
about 4, msb is an integer from 1 to about 5, the sum of m3a and miss ranges from 1 and about 5; and
the ratio between the PHF and the antibody 1s an integer from 2 to about 8 (e.g., from about 2 to

about 6 or from about 2 to about 4).
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{00168] In certain embodiments, the ratio between auristatin F hydroxypropyl amide (“AF
HPA”) and the antibody can be about 30:1, 29:1, 28:1, 27:1, 26:1, 25:1, 24:1, 23:1, 22:1, 211, 20:1,
19:1, 181, 17:1, 16:1, 15:1, 14:1, 131, 12:1, 11:1, 16:4, 9:1, 8.1, 7'l or 6.1,

{00169] In certain embodiments, the ratio between AF HPA and the antibody can be about
25:1,24:1,23:1,22:1, 211, 20:1, 19:1, 181, 17:1, 16:1, 15:1, 14:1, 13:1, 12:1, 11:1, 10:1, 91, &1,
Tlor6l.

100170] In other embodiments, the ratio between AF HPA and the antibody can be about 20:1,
19:1, 18:1, 17:1, 16:1, 15:1, 14:1, 13:1, 121, 11:1, 10:1, 91, 8:1, 7:1 or 6°1.

{00171} In some embodiments, the ratio between AF HPA and the antibody can be about 161,
15:1, 14:1, 13:1, 12:1, 111 or 1001,

{60172] In some embodiments, the ratio between AF HPA and the antibody can be about 15:1,
14:1, 130, 1Z:1or 1101,

{00173] In some embodiments, the ratio between AF HPA and the antibody can be about 15:1,
141, 131 or 12: 1,

{00174] In some embodiments, the ratio between AF HPA and the antibody can be about 14:1,
13:Tor 12:1.

{80175} In some embodiments, the ratio between AF HPA and the antibody can be about 13:1
or 12:1.
{60176} In some embodiments, the ratio between AF HPA and the antibody can be about 12:1.

{60177} In some embodiments, the ratio between AF HPA and the antibody can be about 141,
13:1,12:1, 11:1, 101 or 90 1.

{00178] In some embodiments, the ratio between AF HPA and the antibody can be about 13:1,
123, 114, 16 or 901,

{60179} In some embodiments, the ratio between AF HPA and the antibody can be about 12:1,
IHE, 101 or 901,

{00180} In some embodiments, the ratio between AF HPA and the antibody can be about 11:1,
10:1 or 9:1.

{00181} In certain embodiments, the ratio between PHY and the antibody can be about 10:1,
91,81, 71,6, 51, 41,31, ZHor 101

100182} In certain embodiments, the ratio between PHF and the antibody can be about 8:1, 7:1,
6:1,5:1,4:1, 3:1or2:1.

(a9
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{00183} In other embodiments, the ratio between PHF and the antibody can be about 6:1, 5:1,
4:1,3:1,2:1or 121,
100184] In other embodiments, the ratio between PHF and the antibody can be about 6:1, 5:1,

4:1, 3.1 or2:1.

{60185] In other embodiments, the ratio between PHF and the antibody can be about 6:1, 5:1,
4:1or3:1.

{00186} In some embodiments, the ratio between PHF and the antibody can be about 5:1, 4:1 or
3.1

[60187] In some embodiments, the ratio between PHF and the antibody can be about 4.1, 3:1 or
2:1

{00188] In some embodiments, the ratio between PHF and the antibody can be about 4:1 or 3:1.
{00189} In certain embodiments, in the conjugate described herein, the D-carrying pelymeric

scaffold of Formula (11} is of Formula (IV), wherein the polymer is PHF that has a molecular

weight ranging from about 5 kDa to about 10 kDa:
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wherein:

m is an integer from 30 to about 35,
mi 18 an integer from 8 to about 10,
m2 18 an integer from 2 to about 5,
msa i an integer from O to about 1,
s 1S an integer from 1 to about 2;

the sum of msa and mw» ranges from 1 and about 4;
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the terminal 3 denotes the attachment of one or more PHF polymeric scaffolds to the
isolated NaPi2b-targeted antibody, XMT-1535,

the ratio between the PHF and the antibody is about 3 to about 5.

Diagnostic, Predictive, and Prognostic Methods of the Invention

180190] In various aspect the invention provides a method for identifying a cancer patient
amenable to NaiPi2b targeted therapy by measuring the status NaPi2b expression in a tumor sample
obtained from the patient, and identifving the patient for treatment based on the expression of
NaPi2b in the tumor sample.

{00191} Specifically the invention provides methods of discriminating between cancer patients
that will respond to NaPiZb-targeted, e.g. treatment with the NaPi2b-targeted polymer antibody-
drug conjugate disclosed in W(02017/160754 from those that will not respond based upon the
expression levels of NaPi2b. The NaPiZb expression profile correlates with (and so are able to
discriminate between) patients with good or poor response to treatment.

180192} In other embodiments, the invention includes a method to compare NaPi2b expression
in a sample of cancer cells from a patient to a control NaPi2b profile to determine the hikely clinical
or treatment outcome for the patient, or natural biological result. These embodiments of the
invention may be advantageously used to meet an important unmet diagnostic need tor the ability to
predict whether a patient will likely benefit from a given treatment type or whether a patient will be
better off with another type of treatment. For example, a high NaPi2b expression level value might
be strongly associated with response to NaPi2b-targeted polymer antibody-drug conjugates
disclosed in WO 2017/160574.

{00193 The methods of the invention provides objective protein expression patterns, which
may be used alone or in combination with subjective criteria to provide a more accurate assessment
of patient outcomes, including survival and the recurrence of cancer.

{60194] In various aspects the invention provided method for identifying and/or treating a
diseases or disorders related to aberrant NaPi12b expression by measuring NaPi2b expression in a
tumor sample obtained from the patient.

{00195] The methods of the invention provides objective protein expression patterns, which
may be used alone or in combination with subjective criteria to provide a more accurate diagnosis
of NSCLC. For example, the invention provides methods diagnosing NSCLC in a patient by
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measuring NaPiZb expression in a tumor sample obtained from the patient. Specifically, the
invention provides methods for subtyping a NSCLC by measuring NaPi2b expression in tumor
sample obtained from the patient and identifying the NSCLC as being adenocarcinoma based on
NaPi2b expression in the tumor sample. Optionally, the expression levels of one or more of TTF-1,
Napsin A, p63, p40 or CH5/6 are further determined.

{60196] The cancer patient has a disease or disorders related to aberrant NaPi2b activity and/or
expression. Diseases or disorders related to aberrant NaPiZb activity and/or expression include but
not limited to cancer. The cancer can be ovarian cancer such as epithelial ovarian cancer, thyroid
cancer, colorectal cancer, lung cancer, non-small cell lung cancer (NSCLC) such as non-squamous
NSCLC, breast cancer, kidney cancer, salivary duct carcinoma, papillary thyroid cancer, papillary
renal cancer, salivary duct adenocarcinoma, endometnial cancer, and cholangiocarcinoma.

180197] The subject is refractory to chemotherapy, including standard, front-line
chemotherapeutic agents. In some embodiments, the subject has platinum-sensitive ovarian cancer.
In some embodiments, the subject has platinum-refractory ovartan cancer. In some embodiments,
the subject has advanced ovarian cancer and has not recetved any prior therapy for treating cancer
{e.g., ovarian cancer). In some embodiments, the subject has advanced ovarian cancer and has not
received any prior chemotherapy for treating cancer {e.g., ovarian cancer).

[60198] The sample s derived from a subject having or suspected of having cancer. The
sample of cancer cells is dissected from tissue removed or obtained from the subject.

{60199} In some emnbodiments, the test cell population is derived from fresh, unfrozen tissue
from a biopsy sample. In other embodiments, the test cell population ts derived from a primary or
metastatic site. In some embodiments, the test cell population is derived from a fresh or frozen
tissue from a biopsy or surgical sample or ascetic fluid or pleural fluid. In some embodiments, the
test cell population is derived from a fixed tissue (e.g., formalin fixation or formalin-fixed paraffin-
embedded (FFPE)) from a biopsy or surgical sample or cell block derived from a fluid specimen.
The tissue sample may be frozen or fresh.

{60200} NaPi2b targeted therapy includes NaPi2b-targeted antibody drug conjugate (ADC)
therapy. For example, such NaPiZb-targeted antibody drug conjugate (ADC) therapy as described
in WO 2017/160754.

100201} The reguisite level of NaPi2b expression may be that which ts identified by the any

methods known in the art and more specifically by the methods described herein.
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{00202 For example, the level of NaPi2b expression can be measured by conducting a known
immunological assay, such as an enzyrue immunoassay, radioimmunoassay, competitive
immunoassay, double antibody sandwich assay, fluoroimmunocassay, ELISA, Western blotting
technique, agglutination assay, cytofluorometry (e.g. flow cytometry), or immunchistochemical
staining assay, using an antibody that specifically recognizes NaPiZh {e.g., the chimeric antibodies
according to the invention). Cell-based assays, such flow cytometry (FC), immuno-histochemistry
(IHC), or tmmunofluorescence (IF) are particularly destrable in practicing the methods of the
invention, since such assay formats are clinically-suitable. Accordingly, in some embodiment, the
methods of the invention are implemented in a flow-cytometry (FC), immuno-histochemistry (IHC),
or immunotiuorescence (IF) assay format. Preferably, the methods are implemented in an THC
format

180203} Flow cytometry (FC} may be employed to determine cell surface expression of NaPi2b
in a tumor sample before, during, and after treatment with a drug targeted at inhibitingNaPiZb
expression. For example, tumor cells may be analyzed by flow cytometry for NaPi2b, as well as for
markers identitying cancer cell types, etc., if so desired. Flow cytometry may be carried out
according to standard methods. See, e.g. Chow et al., Cytometry {Communications tn Chinical
Cytometry) 40: 72-78 (2001). Briefly and by way of example, the following protocol for cytometric
analysis may be employed: fixation of the celis with 2% paraformaldebyde for 10 minutes at 37.°C.
followed by permeabilization in 90% methanol for 30 minutes on ice. Cells may then be stained
with NaPiZb -specific antibody, washed and labeled with a fluorescent-labeled secondary antibody.
The cells would then be analyzed on a flow cytometer (e.g. a Beckman Coulter FC500) according to
the specific protocols of the instrument used. Such an analysis would identify the level of expressed
NaPi2b in the tumor,

{00204] Immunchistochemical (IHC) staining may be also employed to determine the
expression of NaPi2b in a tumor sample before, during, and after treatment with a drug targeted at
inhibiting activity. IHC may be carried out according to well-known techniques. See, e.g.,
ANTIBODIES; A LABORATORY MANUAL, Chapter 10, Harlow & Lane Eds., Cold Spring
Harbor Laboratory (1988). Briefly, and by way of example, paraffin-embedded tissue (e.g. tumor
tissue from a biopsy) is prepared for immunohistochemical staining by deparaffinizing tissue
sections with xvlene followed by ethanol; hydrating in water then PBS; unmasking antigen by

heating slide in sodium citrate bufter; incubating sections in hydrogen peroxide; blocking in
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blocking solution; incubating slide in primary polypeptide antibody and secondary antibody; and
finally detecting using ABC avidin/biotin method according to manufacturer's instructions.

180205] Immunofluorescence (IF) assays may be also employed to determine the expression of
NaPiZb tumor sample before, during, and after treatment with a drug targeted at inhibiting activity.
I¥F may be carried out according to well-known techniques. See, e.g., J. M. Polak and 8. Van
Noorden (1997 INTRODUCTION TO IMMUNOCYTOCHEMISTRY, 2nd Ed.; ROYAL
MICROSCOPY SOCIETY MICRGSCCOPY HANDBOOK 37, BioScientific/Springer-Verlag,
Briefly, and by way of example, patient samples may be tixed in paraformaldehyde followed by
methanol, blocked with a blocking solution such as horse serum, incubated with the primary
antibody against polypeptide followed by a secondary antibody labeled with a fluorescent dye such
as Alexa 488 and analyzed with an epifluorescent microscope.

180206} Antibodies emploved in the above-described assays may be advantageously conjugated
to fluorescent dves (e.g. Alexad88, PE), or other labels, such as quantum dots, for use in mult-
parametric analyses along with other signal transduction (phospho-AKT, phospho-Erk 1/2) and/or
cell marker {cytokeratin} antibodies.

160207] In a preferred embodiment the expression of NaPiZb in a sample from a tumor i3
determined immunohistochemically. In even a more preferred embodiment, the expression of
NaPi2b in a sample from a tumor is determined immunohistochemically (THC) using the chimeric
antibody described herein.

{00208} Alternatively, the assay may include preparing RNA fror the sample, optionally for
use in PCR (polymerase chain reaction) or other analytical methodology. The PCR methodology is
optionally, for example, RT-PCR (reverse transcription-PCR) or quantitative PCR, such as, for
exampie, real-time RT-PCR, RNAseq and the like. Alternatively, the assaying may be conducted by
use of an array, such as a microarray as known in the relevant field.

{60209] Patients are identified as being respounsive to treatment, wherein the treatment is
monitored or cancer is detected by detecting and/or measuring the expression level of NaPiZ2b in a
sample.

{60210} The detection/measurement of the expression level of NaPiZb is determined by
calculating a NaPi12b score. The NaPi2b score is quantitative or semi quantitative. For example
detection is scored pathologically to arrive at a pathology score. It is contemplated that any scoring
methods known in the art may be used in the methods of the invention. In particular, any

histological scoring methods known in the art.
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{00211} The methods for assessing the measurement results obtained by immunchistochemical
staining assays include, for example, the H-score method. The H-score 15 determined by the
following calculation formula (Am J Clin Pathol. 1988; 90 (3): 233-9). H-Score ={(% at <1+} X 0)
+ (% at 1H)X 1) + (% at 2+ X 2) + (% at 3+) X3) where staining intensity 0 is unstained;
staining intensity 1 is weak staining; staining intensity 2 is moderate staining; and staining intensity
3is strong staining.

{00212} In some embodiments, the H-score can be a value of 0 to 300, and when the H-score is
higher than a cut-off point, anti-tumor effects maybe observed in chemotherapy that uses the
NaPi2b-targeted antibody drug conjugate of the present tnvention. For example, when the subject
has an H-score of 50, 60, 70, 80, 90, 100, 110, 120, 130 or higher the subject is responsive to
treatrent with a NaPi2b-targeted antibody drug conjugate (ADC) as described herein and in WO
2017/160754

{00213] In assessment by the H-score method, only cancer cell portions are used. For negative
or positive controls for staining intensity, formalin-fixed paraffin-embedded cell lines or xenografts
{(lines whose protein expression levels are known in advance) may be employed. When there are no
control specimens, a plurality of specimens are assessed simultaneously to confirm the overall
distribution of staining intensity of the specimens, and then staining intensity may be set.

[60214] In addition to the H-score method, other scoring methods, such as the Alired method
{(Harvey, et al. Journal of Clinical Oncology 17, no. 5 (May 1999) 1474-1474), can also be used.
Cut-off points are required to be set in each method. Allred score=score of percentage of positive
cells+staining intensity score. Specimens could also be scored semi-quantitatively as having a

scoring of 1+ or 2+ or 3+ for NaPi2b expression.

Performance and Accuracy Measures of the Invention

{00215 The performance and thus absolute and relative clinical usefulness of the invention
may be assessed in multiple ways as noted above. Amongst the various assessments of
performance, the invention 1s intended to provide accuracy in clinical diagnosis and prognosis. The
accuracy of a diagnostic, predictive, or prognostic test, assay, or method concerns the ability of the
test, assay, or method to distinguish between subjects responsive to chemotherapeutic treatment and
those that are not, is based on whether the subjects have an "effective amount” or a "significant
alteration” int the levels of NaPi2b. By "effective amount” or "significant alteration,” it 1s meant that

the measurement NaPiZb is different than the predetermined cut-off point (or threshold value) and
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therefore indicates that the subject responsiveness to therapy or disease free/overall survival for
which the NaPiZb.is a determinant.

180216} In the categorical diagnosis of a disease state, changing the cut point or threshold value
of a test {or assay} usually changes the sensitivity and specificity, but in a qualitatively inverse
relationship. Therefore, tn assessing the accuracy and usefulness of a proposed medical test, assay,
or method for assessing a subject's condition, one should always take both sensitivity and specificity
inte account and be mindful of what the cut point ts at which the sensitivity and specificity are
being reported because sensitivity and specificity may vary significantly over the range of cut

points.

Construction of Clinical Algorithms

180217] Any tormula may be used to combine NaPi2b results into indices useful in the practice
of the invention. As indicated above, and without imitation, such indices may indicate, among the
various other indications, the probability, likelihood, absolute or relative chance of responding to,
for example, chemotherapy or chemoradiotherapy, 1.e. NaPiZb-targeted therapy, e.g. treatment with
the NaPi2b-targeted polymer antibody-drug conjugate described herein and disclosed in WO
2017/160754. This may be for a specific time period or horizon, or for remaining lifetime risk, or
simply be provided as an index relative to another reference subject population.

{00218] Although various preferred formula are described here, several other model and
formula types beyond those mentioned herein and in the definitions above are well known to one
skilled in the art. The actual model type or formula used may itself be selected from the field of
potential models based on the performance and diagnostic accuracy characteristics of its results in a
training population. The specifics of the formula itself may commonly be derived from NaPi2b.
results in the relevant training population. Amongst other uses, such formula may be intended to
map the feature space derived from one or more inputs to a set of subject classes {e.g. useful in
predicting class membership of subjects as normal, responders and non-responders), to derive an
estimnation of a probability function of risk using a Bayesian approach (e.g. the risk of cancer or a
metastatic event), or to estimate the class-conditional probabilities, then use Bayes' rule to produce

the class probability function as in the previous case.

Methods of Treatment
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{60219} Once selected for treatment the patient receives a therapeutically effective amount of a
NaPiZb antibody conjugate (e.g. NaPiZb-targeted polymer antibody-drug conjugate described herein
or disclosed in WO 2017/160754).

100226} Accordingly, the present invention also provides methods of treating, preventing,
delaying the progression of or otherwise ameliorating a symptom of a cancer selected from the
group consisting of epithelial ovarian cancer, thyroid cancer, colorectal cancer, lung cancer, non-
small cell lung cancer (NSCLC) such as non-squamous NSCLC, adenocarcinoma, breast cancer,
kidney cancer, salivary duct carcinoma, papillary thyroid cancer, papiliary renal cancer, salivary
duct adenocarcinoma, endometrial cancer, and cholangiocarcinoma by administering a NaPi2b
antibody conjugate (e.g., NaPiZb-targeted polymer antibody-drug conjugate described herein or
disclosed in WO 2017/160753) to a subject identified by the methods described herein. The subject
to be treated is, e.g., human. The conjugate is administered in an amount sufficient to treat, prevent
or alleviate a symptom associated with the pathology.

{00221} By therapeutically effective amount relates generally to the amount needed to achieve a
therapeutic objective. The amount required to be administered will furthermore depend on the
binding affinity of the antibody for its specific antigen, and will also depend on the rate at which an
administered antibody is depleted from the free volume other subject to which it is administered.
The dosage regimen utilizing the conjugates disclosed herein is also selected in accordance with a
variety of other factors including type, species, age, weight, sex and medical condition of the
patient; the severity of the condition to be treated; the route of administration; the renal and hepatic
function of the patient; and the particular conjugate emploved. An ordinarily skilied physician or
veterinarian can readily determine and prescribe the effective amount of the conjugate required to
prevent, counter or arrest the progress of the condition.

{60222} Common ranges for therapeutically effective dosing of a NaPi2b antibody conjugate
disclosed herein may be, by way of nonlimiting example, from about 0.1 mg/kg body weight to
about 50 mg/kg body weight, from about 0.1 mg/kg body weight to about 100 mg/ke body weight
or from about 0.1 mg/kg body weight to about 150 mg/kg body weight. Ranges disclosed herein are
expressed as amount administered based on the subject’s weight, and one skilled in the art can
easily express it as amount administered per body surface area of the subject. For example, 1 mg/kg
body weight for a human adult is equivalent to about 37 mg/m? and 1 mg/kg body weight for a

human child is equivalent to about 25 mg/m”.



WO 2019/060542 PCT/US2018/051951

{00223} Common dosing frequencies may range, for example, from twice datly to once a month
{e.g., once daily, once weekly: once every other week; once every 3 weeks, once every 4 weeks or
monthly). For example, conjugates of XMT-1535 disclosed herein can be administered (e.g., as a
single dose weekly, every 2 weeks, every 3 weeks, every 4 weeks or monthly) at about 0.1 mg/kg to
about 20 mg/kg (e.g., 0.2 mg/kg, 0.4 mg/ke, 0.5 mg/kg, 0.67 mg/kg, 0.8 mg/kg, 1 mg/kg, 1.25
mg'kg, 1.67 mg/kg, 2 mg'kg, 2.5 mg/kg, 3 mg/kg, 4 mg/kg, 5 mg/kg, 6 mg/kg, 7 mg/kg, 8 mg/kg, 9
mg/kg, 10 mg/kg, 11 mg/kg, 12 mg/kg, 13 mg/keg, 14 me/ke, 15 me/ke, 16 me/ke, 17 mg/ke, 18
mg/kg, 19 mg/kg, or 20 mg/kg). For example, conjugates of XMT-1535 disclosed herein can be
administered (e.g., as a single dose weekly, every 2 weeks, every 3 weeks, every 4 weeks or
monthly) at about 0.1 mg/kg to about 20 mg/kg (e.g., 0.2 mg/kg, 0.4 mg/ke, 0.5 mg/kg, 0.67 mg/kg,
0.8 mg/kg, 1 mg/kg, 1.25 mg/kg, 1.67 mg/kg, 2 mg/kg, 2.5 mg/kg, 3 mg/kg, 4 mg/kg, S mg/kg, 6
mg/kg, 7 mg/kg, 8 meg'ke, 9 mg/kg, 10 mg/kg, 11 mg/kg, 12 mg/kg, 13 mg/kg, 14 mg/kg, 15 mg/kg,
16 mg/kg, 17 mg/kg, 18 mg/kg, 19 mg/kg, or 20 mg/kg) for treating NaPiZb-expressing ovarian
cancer or NaPiZb-expressing NSCLC cancer.

160224} Common dosing frequencies may range, for example, from twice daily to once a month
{e.g., once daily, once weekly; once every other week; once every 3 weeks, once every 4 weeks or
monthly). For example, conjugates of XMT-1535 disclosed herein can be administered (e.g., as a
single dose weekly, every 2 weeks, every 3 weeks, every 4 weeks or monthly) at about 3 mg/m” to
about 53 m* {e.g., 3 mg/m’, 6 mg/m?, 12 mg/m?, 20 mg/m’, 25 mg/m*, 30 mg/m*, 35 mg/m?, 40
mg/m?, or 33 mg/m?. For example, conjugates of XMT-1535 disclosed herein can be administered
{e.g., as a single dose weekly, every 2 weeks, every 3 weeks, every 4 weeks or monthly) at about 3
mg/m’ to about 53 mg/m? (e.g., 3 mg/m®, 6 mg/m?, 12 mg/m?, 20 mg/m?, 25 mg/m’, 30 mg/m?, 35
mg/m?, 40 mg/m?®, or 53 mg/m?) for treating NaPiZb-expressing ovarian cancer or NaPiZb-
expressing NSCLC cancer.

{00225 Efficaciousness of treatment is determined in association with any known method for
diagnosing or treating the particular NaPiZb-related disorder. Alleviation of one or more symptoms

of the NaPi2b-related disorder indicates that the antibody confers a clinical benefit.

Kits
{00226} The invention provides kits comprising the chimeric NaPiZb antibodies (e g,
MERSG67) that detects the level of NaPi2b expression in a patient sample (e.g., the number of

antigens per cell) and a therapeutic composition comprising an effective amount of a NaPi2b-
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targeted polymer antibody-drug conjugate as described herein or disclosed in WO 2017/160754. If
desired, the kit further cormnprises directions for detecting the level of NaPi2b expression and
determining whether or not the NaPiZb-targeted polymer antibody-drug conjugate disclosed in WO
2017/160754would be effective if administered to the patient. Preferably, the kit is an
immunohistochemical test kit. Optionally, the kit further comprises instructions for administering a
NaPi2b-targeted polymer antibody-drug conjugate as described herein or disclosed in WO

2017/160754t0 a patient selected to receive such treatment.

Definitions

{00227] Unless otherwise defined, scientific and technical terms used in connection with the
present disclosure shall have the meanings that are cormnmonly understood by those of ordinary skiil
in the art. Further, unless otherwise required by context, singular terms shall include pluralities and
plural terms shall include the singular. Generally, nomenclatures utilized in connection with, and
techniques of, cell and tissue culture, molecular biology, and protein and oligo- or polynuclectide
chemistry and hybridization described herein are those well-known and commonly used in the art.
Standard techniques are used for recombinant DNA, oligonucieotide synthests, and tissue culture
and transformation {e.g., electroporation, lipofection). Enzymatic reactions and purification
techuiques are performed according to rnanufacturer’s specifications or as commonly accomplished
in the art or as described herein. The foregoing techniques and procedures are generally performed
according to conventional methods well known in the art and as described in various general and
more specific references that are cited and discussed throughout the present specification. See e.g.,
Sambrook ef af. Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N'Y. {1989}). The nomenclatures utilized in connection with, and the
faboratory procedures and techniques of, analytical chemistry, synthetic organic chemistry, and
medicinal and pharmaceutical chemistry described heretn are those well-known and commonly used
in the art. Standard techniques are used for chemical syntheses, chemical analyses, pharmaceutical
preparation, formulation, and delivery, and treatment of patients.

{00228] As utilized in accordance with the present disclosure, the following terms, unless
otherwise indicated, shall be understood to have the following meanings:

100229} As used herein, the terms “WNaPi2b” (also known as sodium-dependent phosphate
transport protein 2B, SLC34A2, NaPillb, Npt2, Na(+)-dependent phosphate cotransporter 28;

sodium/phosphate cotransporter 2B; Na(+)/Pt cotransporter 2B; NaPi3b; solute carrier family 34
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member 2), when used herein, refers to human NaPi2b (e.g., GenBank Accession No. (0954363
and includes any variants, isoforms and species homologs of NaPi2b which are naturally expressed
by cells, including tumor cells, or are expressed on cells transfected with the NaPi2b gene. These
terms are synonymous and may be used interchangeably.

{60230} As used herein, the term “NaPi2b antibody” or “anti-NaPi2b antibody” is an antibody
that binds specifically to the antigen NaPi2b.

{00231} When used herein in the context of two or more antibodies, the term “competes with”
or “cross-competes with” indicates that the two or more antibodies compete for binding to NaPiZb,
e.g., compete for NaPi2b binding in any art-recoguized assay. An antibody “blocks” or “cross-
blocks” one or more other antibodies from binding to NaPi2b if the antibody competes with the one
or more other antibodies 25% or more, with 25%-74% representing “partial block”™ and 75%-100%
representing “tull block™, as determined using any art-recognized assay. For some pairs of
antibodies, competition or blocking in any art-recognized assay is only observed when one antibody
is coated on the plate and the other is used to compete, and not vice versa. Unless otherwise defined
or negated by context, the terms “competes with”, “cross-competes with”, “blocks” or “cross-
biocks™ when used herein is also intended to cover such pairs of antibodies.

180232} As used herein, the term “antibody” refers to immunoglobulin molecules and
immunologically active portions of immunoglobulin (Ig) melecules, 7.e., molecules that contain an
antigen binding site that specifically binds (immunoreacts with} an antigen. By “specifically bind”
or “imruunoreacts with” “or directed against” 15 reant that the antibody reacts with one or more
antigenic determinants of the desired antigen and does not react with other polypeptides or binds at
much lower affinity (Kq > 10°%). Antibodies include, but are not limited to, polyclonal, monoclonal
and chimeric antibodies.

{00233} The basic antibody structural unit 1s known to comprise a tetramer. Each tetramer is
composed of two identical pairs of polypeptide chains, each pair having one “light” (about 25 kDa)
and one “heavy” chain {about 50-70 kDa). The amino-terminal portion of each chain includes a
variable region of about 100 to 110 or more amino acids primarily responsible for antigen
recognition. The carboxy-terminal portion of each chain defines a constant region primarily
responsible for effector function. In general, antibody molecules obtained from humans relate to any
of the classes IgG, IgM, lIgA, Igh and gD, which differ from one another by the nature of the heavy
chain present in the molecule. Certain classes have subclasses as well, such as IgGy, Ig(n, and

others. Furthermore, in humans, the light chain may be a kappa chain or a lambda chain.
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{00234] The term “monoclonal antibody” (mAb) or “monoclonal antibedy composition”, as
used herein, refers to a population of antibody molecules that contain only one molecular species of
antibody molecule consisting of a unigue light chain gene product and 2 unique heavy chain gene
product. In particular, the complementarity determining regions (CDRs) of the monoclonal antibody
are identical in all the molecules of the population. Monoclonal antibodies (mAbs) contain an
antigen-binding site capable of immunoreacting with a particular epitope of the antigen
characterized by a unique binding aftinity for it.

{00235] As used herein the term "chimeric” means that the antibody or antigen-binding portion
includes sequences from two different species. Chimeric antibodies are immunoglobulin molecules
comprising a human and non-human portion. More specifically, the antigen combining region
{variable region) of a chimeric antibody is derived from a human source and the constant region of
the chimeric antibody which confers biclogical effector function to the immunoglobulin is derived
from a non-human source. The chimeric antibody should have the antigen binding specificity of the
human antibody molecule and the effector function conferred by the non- human antibody
molecule. Methods of producing chimeric antibodies according to the invention will be familiar to
persons skilled in the art, see for example, UK. Pat. No. 4,816,567, 1J.8. Pat. No. 5,585,089 and US
20030039649 which are incorporated herein by reference in their entirety. Such methods require the
use of standard recombinant technigues.

{00236} In general, antibody molecules obtained from humans relate to any of the classes Ig(,
feM, TgA, TgE and IgD, which differ from one another by the nature of the heavy chain present 1o
the molecule. Certain classes have subclasses as well, such as Ig(G, 1g(G2, and others. Furthermore,
in humans, the light chain may be a kappa chain or a lambda chain.

160237] The term “antigen-binding site” or “binding portion” refers to the part of the
immunoglobulin molecule that participates in antigen binding. The antigen binding site is formed
by amino acid residues of the N-terrinal variable (“V”) regions of the heavy (“H”) and light (“L”)
chains. Three highly divergent stretches within the V regions of the heavy and light chains, referred
to as “hypervariable regions,” are interposed between more conserved flanking stretches known as
“tramework regions,” or “FRs”. Thus, the term “FR” refers to amino acid sequences that are
naturally found between, and adjacent to, hypervariable regions in immunoglobulins. In an antibody
molecule, the three hypervariable regions of a light chain and the three hypervariable regions of a
heavy chain are disposed relative to each other in three dimensional space to form an antigen-

binding surface. The antigen-binding surface is complementary to the three-dimensional surface of
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a bound antigen, and the three hypervariable regions of each of the heavy and light chains are
referred to as “complementarity-determining regions,” or “CDRs.” The assignment of amino acids
to each domain is in accordance with the definitions of Kabat Sequences of Proteins of
Immunological Interest (National Institutes of Health, Bethesda, Md. (1987 and 1991)), or Chothia
& Lesk J. Mol. Biol. 196:901-917 (1987), Chothia ef o/ Nature 342:878-883 {1989},

{60238} As used herein, the term “epitope” includes any protein determinant capable of specific
binding to an immunoglobulin or fragment thereof, or a T-cell receptor. The term “epitope”
includes any protein determinant capable of specific binding to an immunoglobulin or T-cell
receptor. Epitopic determinants usually consist of chemically active surface groupings of molecules
such as amino actds or sugar side chains and usually have specific three dimensional structural
characteristics, as well as specific charge characteristics. An antibody 1s said to specifically bind an
antigen when the dissociation constant is <1 uM; e.g., < 100 nM, preferably < 10 aM and more
preferably < 1 nM.

{60239] As used herein, the terms “immunoclogieal binding,” and “immunological binding
properties” refer to the non-covalent interactions of the type which occur between an
immunoglobulin molecule and an antigen for which the immunoglobulin s specific. The strength,
or affinity of immunological binding interactions can be expressed in terms of the dissociation
constant (Ka) of the interaction, wherein a smaller Ka represents a greater affinity. Immunological
binding properties of selected polypeptides can be quantified using methods well known in the art.
One such method entails measuring the rates of antigen-binding site/antigen complex formation and
dissociation, wherein those rates depend on the concentrations of the complex partners, the affinity
of the interaction, and geometric parameters that equally influence the rate in both directions. Thus,
both the “on rate constant” (Ken) and the “off rate constant” (Ko} can be determined by calculation
of the concentrations and the actual rates of association and dissociation. {See Nature 361:186-87
{1993)). The ratio of Kot /Kon enables the cancellation of all parameters not related to affinity, and
is equal to the dissociation constant Kq. (See, generally, Davies et al. (1990} Annual Rev Biochem
59:439-473). An antibody of the present disclosure is said to specifically bind to NaPiZb, when the
equilibrium dissociation constant (Ka or Ko} is <1 uM, preferably < 100 nM, more preferably < 10
1M, and most preferably < 100 pM to about 1 pM, as measured by assays such as radioligand

binding assays or similar assays known to those skilled in the art.



WO 2019/060542 PCT/US2018/051951

{00240} The term “isolated polynucieotide” as used herein shall mean a polynucleotide of
genoric, cDNA, or synthetic origin or some combination thereof, which by virtue of its origin the
“isolated polynuclectide” (1) is not associated with all or a portion of a polynuclectide in which the
“isolated polynucleotide” is found in nature, (2) is operably linked to a polynucleotide which it is
not linked to in nature, or (3} does not occur in nature as part of a larger sequence.

{00241} The term “isolated protein” referred to herein means a protein of ¢cDNA, recombinant
RNA, or synthetic origin or some combination thereof, which by virtue of its origin, or source of
derivation, the “1solated protein” (1) is not associated with proteins found in nature, (2) 1s free of
other proteins from the same source, (3) 13 expressed by a cell from a different species, or (4) does
not occur in nature.

{00242} The term “polypeptide” is used herein as a generic term to refer to native protein,
fragments, or analogs of a polypeptide sequence. Hence, native protein fragments, and analogs are
species of the polypeptide genus.

{00243} The term “naturally-occurring” as used herein as applied to an object refers 1o the fact
that an object can be found in nature. For example, a polypeptide or polynucleotide sequence that is
present in an organism {(including viruses) that can be isolated from a source in nature and which
has not been intentionally modified by man in the laboratory or otherwise is naturally-occurring,
[60244] The term “operably linked” as used herein refers to positions of components so
described are in a relationship permitting them to function in their intended manner. A control
sequence “operably linked” to a coding sequence is ligated in such a way that expression of the
coding sequence ts achieved under conditions compatible with the control sequences.

100245] The term “control sequence” as used herein refers to polynuclectide sequences that are
necessary to effect the expression and processing of coding sequences 1o which they are ligated.
The nature of such control sequences differs depending upon the host organism in prokaryotes, such
control sequences generally include promoter, ribosomal binding site, and transcription termination
sequence in eukaryotes, generally, such control sequences include promoters and transcription
terroination sequence. The term “control sequences” is intended to include, at a rotnimum, all
components whose presence is essential for expression and processing, and can also include
additional components whose presence is advantageous, for example, leader sequences and fusion
partner sequences. The term “polynucleotide” as referred to herein means a polymeric boron of

nucleotides of at least 10 bases in length, either ribonucleotides or deoxyribonucleotides or a
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modified form of either type of nuclectide. The term includes single and double stranded forms of
DNA.

180246} The term “oligonucleotide” referred to herein includes naturally occurring, and
modified nucleotides linked together by naturally occurring, and non-naturally occurring
oligonucleotide linkages. Oligonucleotides are a polynucleotide subset generally comprising a
fength of 200 bases or fewer. Preferably oligonucleotides are 10 to 60 bases in length and most
preferably 12, 13, 14, 15, 16, 17, 18, 19, or 20 to 40 bases in length. Oligonucleotides are usually
single stranded, e.g., for probes, although oligonucleotides may be double stranded, e.g., foruse in

the construction of a gene mutant. Oligonucleotides disclosed heretn are either sense or antisense

oligonucleotides.
{00247} The following terms are used to describe the sequence relationships between two or

2% k¢

more polynucleotide or amino acid sequences: “reference sequence”, “comparison window”,
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“sequence identity”, “percentage of sequence identity”, and “substantial identity”. A “reference
sequence” 1s a defined sequence used as a basis for a sequence comparison a reference sequence
may be a subset of a larger sequence, for example, as a segment of a full-length ¢cDNA or gene
sequence given in a sequence listing or may comprise a complete cDNA or gene sequence.
Generally, a reference sequence is at least 18 nucleoctides or 6 amino acids in length, frequently at
least 24 nucleotides or 8 amino acids in tength, and often at least 48 nucleotides or 16 amino acids
in length. Since two polynucleoctides or amino acid sequences may each (1) comprise a sequence
{(i.e., a portion of the complete polynucleotide or amino acid sequence) that 1s similar between the
two molecules, and (2) may further comprise a sequence that is divergent between the two
polynuclecotides or amino acid sequences, sequence comparisons between two {or more) molecules
are typically performed by comparing sequences of the two molecules over a “comparison window”
to identify and compare local regions of sequence similarity. A “comparison window”, as used
herein, refers to a conceptual segment of at least 18 contiguous nucleotide positions or 6 amino
acids wherein a polynucleotide sequence or aming acid sequence may be compared to a reference
sequence of at least 18 contiguous nucleotides or 6 amino acid sequences and wherein the portion of
the polynucleotide sequence in the comparison window may comprise additions, deletions,
substitutions, and the like (i.e., gaps) of 20 percent or less as compared to the reference sequence
{which does not comprise additions or deletions) for optimal alignment of the two sequences.
Optimal alignment of sequences for aligning a comparison window may be conducted by the local

homology algorithm of Smith and Waterman Adv. Appl. Math. 2:482 {1981}, by the homology
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alignment algorithm of Needleman and Wunsch J. Mol. Biol. 48:443 (1970}, by the search for
sitntlarity method of Pearson and Lipman Proc. Natl. Acad. Sci. (U.S.A) 85:2444 (1988), by
computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the
Wisconsin Genetics Software Package Release 7.0, (Genetics Computer Group, 575 Science Dr |
Madison, Wis.}, Geneworks, or MacVector software packages), or by inspection, and the best
alignment (7.¢., resulting in the highest percentage of homology over the comparison window)
generated by the various methods is selected.

100248] The term “sequence identity” means that two polynucleotide or amino acid sequences
are identical {(i.e., on a nucleotide-by-nucleotide or residue-by-residue basis) over the comparison
window. The term “percentage of sequence identity” is calculated by comparing two optimally
aligned sequences over the window of comparison, determining the number of positions at which
the identical nucleic acid base {e.g., A, T, C, G, U or I} or residue occurs in both sequences to yield
the number of matched positions, dividing the number of matched positions by the total number of
positions in the comparison window {7.e., the window size}, and multiplying the result by 100 to
vield the percentage of sequence identity. The terms “substantial identity” as used herein denotes a
characteristic of a polynuciectide or amino acid sequence, wherein the polynucleotide or amino acid
comprises a sequence that has at least 85 percent sequence identity, preferably at least 90 to 95
percent sequence dentity, more usually at least 99 percent sequence identity as compared to a
reference sequence over a comparison window of at least 18 nucleotide (6 amino acid} positions,
frequently over a window of at least 24-48 nucleotide (8-16 anmuno acid) positions, wherein the
percentage of sequence identity is calculated by comparing the reference sequence to the sequence
which may include deletions or additions which total 20 percent or less of the reference sequence
over the comparison window. The reference sequence may be a subset of a larger sequence.
{60249] As used herein, the twenty conventional amino acids and their abbreviations follow
conventional usage. See Immunology - A Synthesis (20d Edition, E.S. Golub and DR. Green, Eds,,
Sinauer Associates, Sunderland7 Mass. (1991)). Sterecisomers (e.g., D-amino acids) of the twenty
conventional arino acids, unnatural amino acids such as a-, a-disubstituted amino acids, N-abkyl
amino acids, lactic acid, and other unconventional amino acids may also be suitable components for
polypeptides of the present disclosure. Examples of unconventional amino acids include: 4
hydroxyproline, y-carboxyglutamate, e-N, N N-trimethyllysine, & -N-acetyllysine, O-phosphoserine,
N-acetylserine, N-formylmethionine, 3-methylhistidine, S-hydroxylysine, o-N-methylarginine, and

other similar amino acids and imino acids {e.g, 4-hydroxyproline). ln the polypeptide notation used
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herein, the left-hand direction is the amino terminal direction and the right-hand direction is the
carboxy-terminal direction, in accordance with standard usage and convention.

180250] Similarly, unless specified otherwise, the left-hand end of single-stranded
polynucleotide sequences is the 57 end the left-hand direction of double-stranded polynucleotide
sequences is referred to as the 5 direction. The direction of 57 to 37 addition of nascent RNA
transcripts is referred to as the transcription direction sequence regions on the DNA strand having
the same sequence as the RNA and which are 57 to the 57 end of the RNA transcript are referred to
as “upstream sequences’, sequence regions on the DNA strand having the same sequence as the
RNA and which are 37 to the 37 end of the RNA transcript are referred to as “downstream
sequences’ .

{60251} As applied to polypeptides, the term “substantial 1dentity” means that two peptide
sequences, when optimally aligned, such as by the programs GAP or BESTFIT using default gap
weights, share at least 80 percent sequence identity, preferably at least 90 percent sequence identity,
more preferably at least 95 percent sequence identity, and most preferably at least 99 percent

sequence identity.

{00252 Preferably, residue positions that are not identical differ by conservative amino acid
substitutions.
{00253] Conservative amino acid substitutions refer to the interchangeability of residues having

similar side chains. For example, a group of amino acids having aliphatic side chains is glycine,
alanine, valine, leucine, and isoleucine; a group of amino acids having aliphatic-hydroxyl side
chains is serine and threonine; a group of amino acids having amide-containing side chains 18
asparagine and ghutamine; a group of amino acids having aromatic side chains is phenylalanine,
tyrosine, and tryptophan; a group of amino acids having basic side chains is lysine, arginine, and
tustidine; and a group of amino acids having sulfur-containing side chains is cysteine and
methionine. Preferred conservative amino acids substitution groups are: valine-leucine-isoleucine,
phenylalanine-tyrosine, lysine-arginine, alanine valine, glutamic-aspartic, and asparagine-
glutamine.

{00254] As discussed herein, minor variations in the amino acid sequences of antibodies or
immunoglobulin molecules are contemplated as being encompassed by the present disclosure,
providing that the vartations in the amino acid sequence maintain at feast 75%, more preferably at
least 80%, 85%, 90%, 95%, and most preferably 99%. In particular, conservative amino acid

replacements are contemplated. Conservative replacements are those that take place within a family
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of amino acids that are related in their side chains. Genetically encoded amino acids are generally
divided mto families: (1) acidic amino acids are aspartate, glutamate; (2) basic amino acids are
lysine, arginine, histidine; (3) non-polar amino acids are alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine, tryptophan, and (4) uncharged polar amino acids are glycine,
asparagine, glutamine, cysteine, serine, threonine, tyrosine. The hyvdrophilic amino acids include
arginine, asparagine, aspartate, glutamine, glutamate, histidine, lysine, serine, and threonine. The
hydrophobic amino acids include alanine, cysteine, isoleucine, leucine, methionine, phenylalanine,
proline, tryptophan, tyrosine and valine. Other families of amino acids include (1) serine and
threonine, which are the aliphatic-hydroxy family; (i1) asparagine and glutamine, which are the
amide containing tamily; (i1} alanine, valine, leucine and isoleucine, which are the aliphatic family;
and (iv) phenylalanine, tryptophan, and tyrosine, which are the aromatic family. For example, it 13
reasonable to expect that an isolated replacement of a leucine with an isoleucine or valine, an
aspartate with a glutamate, a threonine with a serine, or a similar replacement of an amino acid with
a structurally related amino acid will not have a major effect on the binding or properties of the
resulting molecule, especially if the replacement does not involve an amino acid within a
framework site. Whether an amino acid change resuits in a functional peptide can readily be
determined by assaying the specific activity of the polypeptide derivative. Assays are described in
detail herein. Analogs of antibodies or immunoglobulin molecules can be readily prepared by those
of ordinary skill in the art. Preferred amino- and carboxy-termini of analogs occur near boundaries
of functional domains. Structural and functional domains can be identified by comparison of the
nucleotide and/or amino acid sequence data to public or proprietary sequence databases. Preferably,
computerized comparison methods are used to identify sequence motifs or predicted protein
conformation domains that occur in other proteins of known structure and/or function. Methods to
identify protein sequences that fold into a known three-dimensional structure are known. Bowie ef
al. Science 253:164 (1991). Thus, the foregoing examples demonstrate that those of skill in the art
can recognize sequence motifs and structural conformations that may be used to define structural
and functional domatns in accordance with the disclosure.

{00255] Preferred amino acid substitutions are those which: (1) reduce susceptibility to
proteolysis, (2) reduce susceptibility to oxidation, (3) alter binding affinity for forming protein
complexes, (4) alter binding affinities, and (4) confer or modify other physicochemical or functional
properties of such analogs. Analogs can include various muteins of a sequence other than the
naturally-occurring peptide sequence. For example, single or multiple amino acid substitutions
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{preferably conservative amino acid substitutions} may be made in the naturally-occurring sequence
{preferably in the portion of the polypeptide outside the domain{s) forming tntermolecular contacts.
A conservative amino acid substitution should not substantially change the structural characteristics
of the parent sequence {e.g., a replacement amino acid should not tend to break a helix that occurs
in the parent sequence, or disrupt other types of secondary structure that characterizes the parent
sequence). Examples of art-recognized polypeptide secondary and tertiary structures are described
in Proteins, Structures and Molecular Principles (Creighton, Ed., W. H. Freeman and Company,
New York (1984)); Introduction to Protein Structure (C. Branden and J. Tooze, eds., Garland
Publishing, New York, N.Y. (1991}); and Thornton et at. Nature 354:105 (1991).

{00256} The term “agent” is used herein to denote a chemical compound, a mixture of chemical
compounds, a biological macromolecule, or an extract made from biological materials.

180257} As used herein, the terms “label” or “labeled” refers to incorporation of a detectable
marker, e.g., by incorporation of a radiolabeled amino acid or attachment to a polypeptide of
biotiny] moieties that can be detected by marked avidin {e.g., streptavidin containing a fluorescent
marker or enzymatic activity that can be detected by optical or calorimetric methods). In certain
situations, the label or marker can also be therapeutic. Various methods of fabeling polypeptides
and glycoproteins are known in the art and may be used. Examples of labels for polypeptides
include, but are not limited to, the following: radioisotopes or radionuclides (e.g., *H, 1*C, PN, *°8,
0y BT, Hn, ML P fluorescent labels (e.g., FITC, rhodamine, lanthanide phosphors),
enzymatic labels (e.g., horseradish peroxidase, p-galactosidase, luciferase, alkaline phosphatase),
chemiluminescent, biotinyl groups, predetermined polypeptide epitopes recognized by a secondary
reporter {e.g., leucine zipper pair sequences, binding sites for secondary antibodies, metal binding
domains, epitope tags). In some embodiments, labels are attached by spacer arms of various lengths
to reduce potential steric hindrance. The term “pharmaceutical agent or drug” as used herein refers
to a chemucal compound or composition capable of inducing a desired therapeutic effect when
properly administered to a patient.

[00258] Other chemistry terms herein are used according to conventional usage in the art, as
exemplified by The McGraw-Hill Dictionary of Chemical Terms (Parker, 5., Ed., McGraw-Hill,
San Francisco (1985)).

{00259} As used herein, “substantially pure” means an object species is the predominant species
present {i.e., on a molar basis it is more abundant than any other individual species in the

composition), and preferably a substantially purified fraction is a composition wherein the object
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species comprises at least about 50 percent {on a molar basis) of all macromolecular species
present.

180260 Generally, a substantially pure composition will comprise more than about 80 percent
of all macromolecular species present in the composition, more preferably more than about 85%,
90%, 95%, and 99%. Most preferably, the object species is purified to essential homogeneity
{contaminant species cannot be detected in the composition by conventional detection methods)
wherein the composition conststs essentially of a single macromolecular species.

{00261} The use of the articles “a”, “an”, and “the” in both the tfollowing description and claims
are to be construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising”, “having”, “being of” as in “being of a
chemical formula”, “including”, and “containing” are to be construed as open terms (i.e., meaning
“including but not limited to”) unless otherwise noted. For example, a polymeric scaffold of a
certain formula includes all the monomer units shown in the formula and may also include
additional monomer units not shown in the formula. Additionally whenever “comprising” or
another open-ended term 1s used in an embodiment, it 15 to be understood that the same embodiment
can be more narrowly claimed using the intermediate term “consisting essentially of " or the closed
term “consisting of.”

[00262] The term “about”, “approximately”, or “approximate”, when used in connection with a
numerical value, means that a collection or range of values is included. For example, “about X7
includes a range of values that are +20%, +10%, +5%, +2%, £1%, +0.5%, +0.2%, or +0.1% of X,
where X 15 a numerical value. In one embodiment, the term “about” refers to a range of values
which are 5% more or less than the specitied value. In another embodiment, the term “about” refers
to a range of values which are 2% more or less than the specified value. In another embodiment, the
term “about” refers to a range of values which are 1% more or less than the specitied value.

{00263} Recitation of ranges of values are merely intended to serve as a shorthand method of
referring individually to each separate value falling within the range, unless otherwise indicated
herein, and each separate value is incorporated into the specification as if it were individually
recited herein. A range used herein, unless otherwise specitied, includes the two limits of the range.
For example, the expressions “x being an integer between 1 and 6”7 and “x being an integer of | to
6” both mean “x being 1, 2, 3,4, 5, or 67, i.e., the terms “between X and Y and “range from X to

Y, are inclusive of X and Y and the integers there between.

¥
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100264] “Drug”: As used herein, the term “drug” refers to a compound which is biologically
active and provides a desired physiological effect following administration to a subject in need
thereof {e.g.,, an active pharmaceutical ingredient).

100265] “Anti-angiogenesis agent” or “angiogenesis inhibitor” refers to a small molecular
weight substance, a polynucieotide, a polypeptide, an isolated protein, a recombinant protein, an
antibody, or conjugates or tusion proteins thereof, that inhibits angiogenesis, vasculogenesis, or
undesirable vascular permeability, either directly or indirectly. The angiogenesis inhibitor includes
those agents that bind and block the angiogenic activity of the angiogenic factor or its receptor. For
example, an anti-angiogenesis agent is an antibody or other antagonist to an angiogenic agent as
including, but not limited to, antibodies to VEGF-A or to the VEGF-A receptor {(e.g., KDR receptor
or Flt-1 receptor), VEGF-trap, anti-PDGFR inhibitors such as Gleevec™ (Imatinib Mesylate). Anti-
angiogenesis agents also include native angiogenesis inhibitors, e.g., angiostatin, endostatin, and the
like.

{00266] “Cytotoxic”: As used herein the term “cytotoxic” means toxic to cells or a selected cell
population {e.g., cancer cells). The toxic effect may result in cell death and/or lysis. In certain
instances, the toxic effect may be a sublethal destructive effect on the cell, e.g., slowing or arresting
cell growth. In order to achieve a cytotoxic effect, the drug or prodrug may be selected from a group
consisting of a DNA damaging agent, a microtubule distupting agent, or a cytotoxic protein or
polypeptide, amongst others.

{00267} “Cytostatic”: As used herein the term “cytostatic” refers to a drug or other compound
that inhibits or stops cell growth and/or multiplication.

{002638] “Small molecule”: As used herein, the term “small molecule” refers to molecules,
whether naturally-occurring or artificially created (e.g., via chemical synthesis) that have a
relatively low molecular weight. Preferred small molecules are biologically active in that they
produce a local or systernic effect in animals, preferably mammals, more preferably humans. o
certain preferred embodiments, the small molecule is a drug and the small molecule 1s referred to as
“drug molecule” or “drug” or “therapeutic agent”. In certain embodiments, the drug molecule has
MW less than or equal to about 5 kDa. In other embodiments, the drug molecule has MW less than
or equal to about 1.5 kDa In embodiments, the drug molecule is selected from vinca alkaloids,
auristatins, duocarmyeins, tubulysins, non-natural camptothecin compounds, topoisomerase
inhihitors, DNA binding drugs, kinase inhibitors, MEK inhibitors, KSP inhibitors, calicheamicins,

SN3E&, pyrrolobenzodiazepines, and analogs thereof. Preferably, though not necessarily, the drug is
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one that has already been deemed safe and effective for use by an appropriate governmental agency
or body, e.g., the FDA. For example, drugs for human use listed by the FDA under 21 CF R §§
330.5, 331 through 361, and 440 through 460; drugs for veterinary use listed by the FDA under 21
CF R 8§38 500 through 589, incorporated herein by reference, are all considered suitable for use
with the present hydrophilic polymers.

{60269] “Drug dertvative” or “modified drug” or the like as used herein, refers to a compound
that comprises the drug molecule intended to be delivered by the conjugate disclosed herein and a
functional group capable of attaching the drug molecule to the polymeric carrier.

[60270] “Active form” as used herein refers to a form of a compound that exhibits intended
pharmaceutical efficacy in vivo or in vitro. In particular, when a drug molecule intended to be
delivered by the conjugate disclosed herein is released from the conjugate, the active form can be
the drug itself or its derivatives, which exhibit the intended therapeutic properties. The release of the
drug from the conjugate can be achieved by cleavage of a biodegradable bond of the linker that
attaches the drug to the polymeric carrier. The active drug derivatives accordingly can comprise a
portion of the linker.

{60271} “PHE” refers to poly(1-hydroxymethylethylene hydroxymethyl-formal}.

{00272} As used herein, the terms “polymer unit”, “monomeric unit”, “monomer”, “monomer
unit”, “unit” all refer to a repeatable structural unit in a polymer.

{60273] As used herein, “molecular weight” or “MW” of a polymer or polymeric
carrier/scaffold or polymer conjugates refers to the weight average molecular weight of the
unmodified polymer unless otherwise specified.

100274} As used herein, “treating” or “treat” describes the management and care of a patient for
the purpose of combating a disease, condition, or disorder and includes the administration of a
conjugate of the disclosure, or a pharmaceutical composition thereof, to alleviate the symptoms or
complications of a disease, condition or disorder, or to eliminate the disease, condition or disorder.
180275] As used herein, “prevention” or “prophylaxis” refers to reduction in the risk of
developing a disease or condition, or reduction or elimination of the onset of the symptors or
complications of the disease, condition or disorder.

{60276} The term “etfective amount” or “sutficient amount”, as it refers to an active agent,
refers to the amount necessary fo elicit the desired biclogical response. Asused herein, a
"therapeutically effective amount” or a "therapeutically effective dose" refers to an amount or

quantity of an agent, compound, material, or composition containing a compound that is at least
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sufficient to produce a detectable therapeutic effect. The effect can be detected by any assay method
known in the art. The precise effective amount for a subject will depend upon the subject’s body
weight, size, and health; the nature and extent of the condition; and the therapeutic selected for
adnunistration.

{60277] A “subject” includes a human as well as a non-human animal, at any stage of
development, including, for example e g., any mammal, | a human, primate, bird, mouse, rat, fowl,
dog, cat, cow, horse, goat, camel, sheep or a pig. Preferably, the non-human animal is a mammal
(e.g., a rodent, a mouse, a rat, a rabbit, a monkey, a dog, a cat, a primate, or a pig). An animal may
be a transgenic animal or a human clone. Preferably, the mammal is a human. The term “subject”
encompasses animals.

{00278} As used herein a “lat” refers to a combination of components, such as a combination of
the compositions herein and another item for a purpose including, but not limited to, reconstitution,
activation and instruments/devices for delivery, administration, diagnosis and assessment of a
biological activity or property. Kits optionally include instructions of use.

{60279} As used herein “contacting” refers to reacting, exposing, incubating a tumor sample or
specimen with an anti-NaPi2b antibody

100280} As used herein “patent response” or “response” or “benefit” from treatment can be
assessed using any endpoint indicating a benefit to the patient, including, without limitation, (1)
inhibition, to some extent, of disease progression including, but not limited to, disease progression,
including slowing down and complete arrest (2) reduction in the number of disease episodes and/or
symptoms (3) reduction in tumor size (4) inhibition (i.e. reduction, slowing down or complete
stopping) of disease spread (S) relief, to some extent, of one or more symptoms associated with the
disease (0) decreased mortality at a given time point following treatment.

{00281} As used herein "tissue sample” is meant a collection of similar cells obtained from a
tissue of a subject or individual. The source of the tissue may be solid tissue as from a fresh, frozen
and/or preserved organ, tissue sample, biopsy, and/or aspirate; blood or any blood constituents such
as plasma,; bodily fluids such as cerebral spinal fluid, amniotic fluid, peritoneal fluid, or interstitial
fluid; cells from any time in gestation or development of the subject. The tissue sample may also be
primary or cultured cells or cell lines. Optionally, the tissue sample is obtained from a disease
tissue/organ. For instance, a "tumor sample” is a tissue sample obtained from a tumor or other
cancerous tissue. The tissue sample may contain a mixed population of cell types (e.g., tumor cells

and non-tumor cells, cancerous cells and non-cancerous cells). The tissue sample may contain
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compounds which are not naturally intermixed with the tissue in nature such as preservatives,
anticoagulants, buffers, fixatives, nutrients, antibiotics, or the like.

100282} The term “prediction” or “predicting” used herein refers to the likelihood that a patient
will respond either favorably or unfavorably to a drug (therapeutic agent) or set of drugs or a
therapeutic regimen. In one embodiment, the prediction relates to the extent of those responses. In
one embodiment, the prediction relates to whether and/or the probability that a patient will survive
or improve following treatment, for example treatment with a particular therapeutic agent, or for a
certain period of time without disease recurrence. The prediction methods of the invention can be
used clinically to make treatment decisions by choosing the most appropriate treatment modalities
for any particular patient. The prediction methods of the present invention are valuable tools in
prediction if a patient 15 likely to respond favorably to a treatment regimen, such as a given
therapeutic regimen, including for example, administration of a given therapeutic agent or
combination, surgical intervention, steroid treatment, etc., or whether long-term survival of the
patient, following a therapeutic regimen is hikely

{60283} "Clinical parameters” encompasses all non-sample or non-NaPi2b status of the subject
health status or other characteristics, such as, without limitation, age (Age), ethnicity (RACE),
gender (Sex), or family history (FamHX).

[60284] "FN" 1 false negative, which for a disease state test means classifving a disease subject
incorrectly as non-disease, non-responsive to treatment, or normal.

{00285 "FP" is false positive, which for a disease state test means classifying a normal subject
incorrectly as having disease or being responsive to treatment.

{00286] A "formula," "algorithm," or "model” is any mathematical equation, algorithmic,
analytical or programmed process, or statistical technique that takes one or more continuous or
categorical inputs (herein called "parameters”) and calculates an output value, sometimes referred to
as an "tndex” or "index value." Non-limiting examples of "formulas” include sums, ratios, and
regression operators, such as coefticients or exponents, biomarker value transformations and
normalizations (including, without lirnitation, those normalization schemes based on clinical
parameters, such as gender, age, or ethnicity). The resulting predictive models may be validated in
other studies, or cross-validated in the study they were onginally trained in, using such techniques
as Bootstrap, Leave-One-Out (LOG) and 10-Fold cross-validation (10-Fold CV}. At various steps,
false discovery rates may be estimated by value permutation according to techniques known in the

art.
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{00287] A "health economic utility function” 1s a formula that is derived from a combination of
the expected probability of a range of clinical outcomes n an idealized applicable patient
population, both before and after the introduction of a diagnostic or therapeutic intervention into the
standard of care. It encompasses estimates of the accuracy, effectiveness and performance
characteristics of such intervention, and a cost and/or value measurement (a utifity) associated with
each ocutcome, which may be derived from actual health system costs of care (services, supplies,
devices and drugs, etc.} and/or as an estimated acceptable value per quality adjusted life year
(QALY) resulting in each outcome. The sum, across all predicted outcomes, of the product of the
predicted population size for an outcome multiplied by the respective outcome's expected utility is
the total health economic utility of a given standard of care. The difference between (1) the total
health economic utility calculated for the standard of care with the intervention versus (i) the total
health economic utility for the standard of care without the intervention results in an overall
measure of the health economic cost or value of the intervention. This may itself be divided
amongst the entire patient group being analyzed (or solely amongst the intervention group) to arrive
at a cost per unit intervention, and to guide such decisions as market positioning, pricing, and
assumptions of health system acceptance. Such health economic utility functions are commonly
used to compare the cost-effectiveness of the intervention, but may also be transformed to estimate
the acceptable value per QALY the health care system 1s willing to pay, or the acceptable cost-
effective clinical performance characteristics required of a new intervention.

{60288} For diagnostic {or progunostic) interventions of the invention, as each outcome (which
in a disease classitying diagnostic test may be a TP, FP, TN, or FN) bears a different cost, a health
economic utility function may preferentially favor sensitivity over specificity, or PPV over NPV
based on the clinical situation and tndividual outcome costs and value, and thus provides another
measure of health economic performance and value which may be different from more direct
clinical or analytical performance measures. These different measurements and relative trade-offs
generally will converge only in the case of a perfect test, with zero error rate (a.k.a., zero predicted
subject outcome misclassifications or FP and FN), which all performance measures will favor over
imperfection, but to differing degrees.

{60289] Measuring” or "measurement," or alternatively "detecting” or "detection,” means
assessing the presence, absence, guantity or amount (which can be an effective amount) of either a

given substance within a clinical or subject-derived sample, including the derivation of gualitative
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of quantitative concentration levels of such substances, or otherwise evaluating the values or
categorization of a subject's non-analyte clinical parameters.

180290] "Negative predictive value” or "NPV" is calculated by TN/(TN+FN) or the true
negative fraction of all negative test results. It also is inherently impacted by the prevalence of the
disease and pre-test probability of the population intended to be tested. See, e.g., O'Marcaigh A S,
Jacobson R M, "Estimating The Predictive Value Of A Diagnostic Test, How To Prevent
Misleading Or Confusing Results," Clin. Ped. 1993, 32(8): 485-491, which discusses specificity,
sensitivity, and positive and negative predictive values of a test, e.g., a clinical diagnostic test.
Often, for binary disease state classification approaches using a continuous diagnostic test
measurement, the sensitivity and specificity is summarized by Receiver Operating Characteristics
{ROC) curves according to Pepe et al, "Limitations of the Odds Ratio in Gauging the Performance
of a Diagnostic, Prognostic, or Screening Marker," Am. J. Epidemiol 2004, 159 (9): 882-890, and
summarized by the Area Under the Curve (AUC) or ¢-statistic, an indicator that allows
representation of the sensitivity and specificity of a test, assay, or method over the entire range of
test {or assay) cut points with just a single value. See also, e g, Shultz, "Clinical Interpretation Of
Laboratory Procedures,” chapter 14 in Teitz, Fundamentals of Clinical Chemistry, Burtis and
Ashwood {(eds.}, 4.sup.th edition 1996, W B. Saunders Company, pages 192-199; and Zweig et al
"ROC Curve Analysis: An Example Showing The Relationships Among Serum Lipid And
Apolipoprotein Concentrations In Identifying Subjects With Coronory Artery Disease,” Clin.
Chern., 1992 38(8): 1425-1428. Aun alternative approach using likelihood functions, odds ratios,
information theory, predictive values, calibration (including goodness-of-fit), and reclassification
measurements is summarized according to Coolk, "Use and Misuse of the Receiver Operating
Characteristic Curve in Risk Prediction,” Circulation 2007, 115: 928-935. Finally, hazard ratios and
absolute and relative risk ratios within subject cohorts defined by a test are a further measurement
of chinical accuracy and utility. Multiple methods are frequently used to defining abnormal or
disease values, including reference limits, discrimination limits, and risk thresholds.

{60291} "Analytical accuracy” refers to the reproducibility and predictability of the
measurement process itself, and may be summarized in such measurements as coefficients of
variation, and tests of concordance and calibration of the same samples or controls with different
times, users, equipment and/or reagents. These and other considerations in evaluating new

biomarkers are also summarized in Vasan, 2006,
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{60292 "Performance" s a term that relates to the overall usefulness and quality of a diagnostic
or prognostic test, including, among others, chinical and analytical accuracy, other analytical and
process characteristics, such as use characteristics (e.g., stability, ease of use}, health economic
value, and relative costs of components of the test. Any of these factors may be the source of
superior performance and thus usefulness of the test, and may be measured by appropriate
“performance metrics,” such as AUC, time to result, shelf life, etc. as relevant.

{00293} "Positive predictive value" or "PPV" is calculated by TP/ATP+FP) or the true positive
fraction of all positive test results. It is inherently impacted by the prevalence of the disease and pre-

test probability of the population intended to be tested.

{00294] "Sensitivity” is calculated by TP/(TP+FIN) or the true positive fraction of subjects.
{00295 "Specificity” is calculated by TNATNA+FP) or the true negative fraction of normal
subjects.

100296] By "statistically significant”, 1t i1s meant that the alteration is greater than what might be

expected to happen by chance alone (which could be a "false positive™). Statistical significance can
be determined by any method known in the art. Commonly used measures of significance include
the p-value, which presents the probability of obtaining a result at least as extreme as a given data
point, assuming the data point was the result of chance alone. A result is considered highly
significant at a p-value of 0.05 or less. Preferably, the p-value 1s 0.04, 0.03, 0.02, 0.01, 0.005, 0.001
or less.

{60297} "Traditional laboratory risk factors” correspond to biomarkers 1solated or derived from
subject samples and which are currently evaluated in the clinical Iaboratory and used in traditional
global risk assessment algorithms. Traditional laboratory risk factors tor tumor recurrence include
for example Proliferative index, tumor infiltrating lymphocyies. Other traditional laboratory risk

factors for tumor recurrence known to those skitled 1n the art.

{60298] All methods described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”} provided herein, i1s intended merely to better illustrate the
disclosure and 15 not to be construed as a limitation on the scope of the claims unless explicitly
otherwise claimed. No language in the specification is to be construed as indicating that any non-

claimed element is essential to what is claimed.
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EXAMPLES
Example 1: Cloning, production, and purification of MERS67
180299] MERSG7 is a human-rabbit chimeric antibody that was designed based on the
humanized anti-NaPi2b antibody, XMT-1535 (aka. RebMab200 (Lopes dos Santos, 2013)). It
consists of the human heavy and light chain variable sequences joined to the Rabbit Ig(G1 constant
region or the Rabbit Ig kappa-b4 chain C region, respectively. Target DNA sequences were
designed with codon optimization from the amino acid sequences of the humanized variable heavy
and light chain regions and the rabbit constant regions. Gene synthesis, expression vector
construction, plasmid preparation, and transient expression was performed at GenScript®. DNA
sequences for the chimeric heavy and light chain are provided in Figure 1. For production,
ExpiCHO-S cells were grown in serum-free ExpiCHO™ Expression Medium (Thermo Fisher
Scientific). The cells were maintained in Erlenmever Flasks (Comning Inc., Acton, MA)at 37 °C
with 8% CO:2 on an orbital shaker (VWR Scientific). One day before transfection, the cells were
seeded at an appropriate density in Corning Erlenmeyer Flasks, Un the day of transfection, DNA
and the transfection reagent were mixed at an optimal ratio and then added into the tlask with cells
ready for transfection. The recombinant plasmids encoding heavy and light chains of Mers67 were
transiently co-transfected into suspension ExpiCHO-S cell cultures. The cells were transterred to
32°C incubator with 5% CO2 on day 1 post-transfection for remaining culture. Evhavcer and feed
{Thermo Fisher Scientific) were added on day 1 and feed was added on day 5 post-transfection. The
cell culture supernatant collected on day 14 was used for purification.
{00300] Cell culture broth was centrifuged and followed by filtration. Filtered supernatant was
loaded onto protein A Column {GenScript, Cat No.L00433) at 3 mL/min. After washing and elution
with appropriate buffer, the eluted fractions were buffer exchanged to PBS. The target protein was
further purified via Hiload Superdex 200 16/600 pg column {GE Healthcare, Uppsala, Sweden) to
rernove high molecular weight aggregates. The purified protein was analyzed by SDS-PAGE,
Western blot and SEC-HPLC by using standard protocols for molecular weight, vield and purity
measurements as shown in Figure 2 and Figure 3A (after one step purification, Lot U0S59BH) and
Figure 3B (after two step purification, LotUS096BL}. 5 ug of sample was loaded on SDS-PAGE
and 0.3 pg of total protein was loaded on Western blot. The primary antibody for Western blot was
Goat Anti-Rabbit IgG-HRP (GenScript, Cat No. A00131).
Example 2: Binding of MERS67 to Human NaPi2b Peptide.
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{60301} The binding of MERS67 was evaluated in comparison to the binding of the parental
antibody, XMT-1535.

180302} Human cyclized NaPiZb peptide were generated and lyophilized covering the amino
acids identified in the XMT-1535 epitope (New England Peptide, Gardner, MA). For the ELISA,
the lvophilized NaPiZb peptide was reconstituted in DMSO. Human NaPi2b peptide was used to
coat 96-Well high binding clear ELISA plates (Corning, 3369) at 1 ug/mL in sodium carbonate
butfer, pH 9 to a total volume of 100 ul per well. After a 2-hour incubation, plates were washed 4
times with 100 ul per well TBS-Tween 20, blocked with 3% BSA in TBS-Tween 20 (100 ul per
well) for 1 hour, and washed again. Test articles, MERS67 (Lot UOR59BH and Lot U5569BL),
XMT-1535, and the non-binding control (trastuzumab ) were added to the wells at a dose
concentration range from 100 oM to 0.002 nM using an 8-point 3-fold serial dilution in TBS-Tween
20 butfer at 100 ul per well. Plates were incubated for 1 hour with rocking then washed as above.
Peroxidase-Conjugated AtfiniPure Goat Anti-Human 1g(G F(ab™)2 Fragment specific secondary
antibody (Jackson ImmunoResearch, 109-035-097) was used at S5000x 1o TBS-Tween 20 buffer at
100 ul per well for XMT-1535 and Trastuzumab and goat anti-rabbit HRP secondary antibody
{Abcam, ab6721) was used for MERS67. Plates were again incubated for 1 hour with rocking
followed by wash as above. TMB substrate (Bethy! Lab, E102) was added at 50 ul per well and
incubated until color appeared then the reaction was quenched with an equal amount of 0.2N
H:504. The Optical Density (O.D.) was measured at 450 nm with a SpectraMax M5 microplate
reader (Molecular Devices, Sunnyvale, CA). The O.D. for each treatment was graphed, and Ka
calculated for each antibody with GraphPad Prism software (GraphPad Software Inc., La Jolla, CA)
by non-linear regression using the one site-specific binding model.

{00303} In two lots examined (Lot UOE59BH and Lot U5696BL), MERS67 bound to human
NaPi2b with Kq of 0.2561 aM and 0.1045 nM, respectively; XMT-1535 bound to human NaPi2b
with a Ka of 0.536 nM. A negative control antibody showed no binding.

Example 3 MERS67 Can detect NaPiZb in an FFPE immunchistechemical format

00304] Levels of cell surface expression of NaPiZb were contirmed by flow cytometry. 100 ul
of 1x10° of OVCARS or JIMT-1 cells were incubated for one hour in ice with phycoerythrin
comjugated RebMABR200 at 5 ug/ml. Using a Quantibrite PE fluorescence calibration kit (BD
BioSciences) and a MACS Quant Instrument (Miltenyt Biotec, Bergisch Gladbach, Germany), cell
surface receptor number was calculated relative to standard curve to be 1.95 x10° and 120 for

OVCAR3 and JIMT-1 respectively.
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{60305] Cell Pellet and xenograft formalin fixed paraffin embedded blocks were prepared from
OVCAR3 and JIMT-1 cell ines using standard methods.

{00306] For manual immunchistochemistry analysis, the DAKQO Envision+System-HRP (DAB)
kit (K4010, Agilent, Santa Clara, CA) was used according to the manufacturer’s directions. Briefly,
slides were sectioned at 5 u, baked at 56 °C for 15 minutes and rehydrated through xvylene and
graded alcohols. Prior to peroxidase blocking, slides were antigen retrieved in a pH 6.0 solution
{Vector Laboratories, Burlingame, CA} at 99 °C. For the primary antibody incubation step,
MERSG67 was inttially titrated over a range of dilutions in DAKO diluent with background reducing
components (S3022, Agilant, Santa Clara, CA). A “no primnary” antibody control was included in
some experimental runs to evaluate the method for non-specitic background. Slides were
counterstained with Mayer’s Hematoxylin, debydrated, and mounted for examination by light
microscopy. Various titrations were compared in a series of xenografts with known response to the
NaPi2b-targeted polymer antibody-drug conjugate as disclosed in WO 2017/1607541in vivo, and a
titration was chosen that yielded IHC staining that by visual light microscopic reading best
distinguished responders and non-responders int a series of preclinical xenograft models. Results for
control OVCARS and JIMT1 xenograft staining are shown in Figure 4. Immunochistochemistry was
also established using an automated TechMate 500 or TechMate 1000 (BioTek Solutions/Ventana
medical Systems) platform, where various antigen retrieval conditions and primary antibody
titrations were tested to develop a higher through-put protocol. A protocol was selected based on
staining of control material and staining of preclinical material with known response to ADC
treatment. Briefly, for the established protocol, 4 ¢ sections were cut, dewaxed, and rehydrated
through xylene and a series of alcohols. Slides were antigen retrieved in a standard steamer using
BioGenex AR-10 retrieval solution. On the TechMate platform, further retrieval was performed
with Proteinase K (DAKO). Following serum blocking: the primary antibody was applied for 30
rinutes at room temperature, then endogenous peroxidase block and non-biotin polymer-based
detection (rabbit Polink-2 Plus detection system, GBI) was used and finally a brief hematoxylin
counterstaining,

Example 4: MERSG7 was used to detect immunoreactivity in a Human Tumors and in
Human Primary Xenograft Models.

{60307] Using the manual method developed for IHC, a human lung tumor tissue microarray

consisting of 37 tumors was stained with MERSG67. 21/37 (57%) of tissue cores had detectable

N
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membrane immunoreactivity. Immunchistochemical staining of two human lung adenocarcinomas
is shown in Figure 5.

180308} An additional tissue microarray with a variety of tumor types was also evaluated, and
immunoreactivity was noted in ovarian carcinoma and very focally in a cholangiocarcinoma.
Immunoreactivity could also be detected in a human primary xenograft model of salivary duct
carcinoma.

Example 8: Tumor Growth Response to Administration of NaPi2b-targeted polymer
antibody-drug conjugate

{80309] The ovarian primary carcinoma xenograft models were from a set of tumor models
derived from serous ovarian or fallopian tube cancers and implanted in immunocompromised mice
that were treated with 3 mg/kg NaPi2b-targeted polymer antibody-drug conjugate disclosed in WO
20177160754 weekly for three weeks in groups of n=3, once tumors reached a stratified mean
volume of 125-250 mm’. Untreated animals in groups of n=2-4 were included as a control. The
planned study endpoint was a tumor volume of 1 cm® or 45 days. In a case of complete response,
mice were followed for a longer time course to evaluate for tumor regrowth. Figure 6 1s a bar chart
shows the median best response calculated relative to day 0 at each timepoint for every animal, and
then expressed as the median value of best response for each model . The v axis shows the median
best response; the x axis shows the model number. The models were derived both from patients
who had received prior treatment and patients who were treatment naive. Anti-tumor effect of
NaPiZb-targeted polymer antibody-drug conjugate was seen in both tumor classes. Bars are colored
as derived from treatment naive (dark bar) tumors or post-treatment (light bar) tumors. Of the 10
models showing a median best response between -50 and -100, 5 were derived from treatment naive
tumors and S from previously treated tumors.

{60310} Model 5T206, where a sustained antitumor growth effect was seen, was continued for
an extended time course. Tissues obtained at the end of study (day 73) in a tumor with incomplete
response were evaluated for NaPi2b expression by IHC and showed NaPi2b expression.

{00311} Tumor blocks from untreated study animals were evaluated to determine an
efficacy/staining pattern relationship. The staining pattern seen in the ovarian cancer models was
compared to staining seen in human primary tumors. Figure 7 is a bar chart showing START
Ovarian Models, ordered by median best response; colored by H score (all models). The darker the
color the greater the H-score. NaPiZb-targeted polymer antibody-drug conjugate induced at least

50% reduction in tumor volume relative to baseline in 10/20 (50%) models when administered at a
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dose of 3 mg/kg once weekly for 3 weeks. There was no significant difference in regression rate
between treatment-naive and treatment-exposed tumor models (5/8, 5/12, respectively). Amongst
xenogratt tumors with H-score >70, 10/13 (76%) models achieved 50% or greater reduction in
tumor volume after treatment with a NaPiZb-targeted polymer antibody-drug conjugate, vs 0/7 (0%)
models with H-score <70. Applying the same IHC assay to primary human ovarian tumors, 12/20
{60%) tested tumors had an H-score >70. There was an association between NaPiZb IHC H-score
and tumor volume change after NaPi2b-targeted polymer antibody-drug conjugate treatment
{Spearman rank coefficient 0.76).

{60312 Using the automated THC method, a senies of 20 human lung adenocarcinomas, 20
gvarian carcinoma and 20 human primary ovarian carcinoma xenograft models were examined, and
interpreted using an “H-Score” method. The H-score incorporates staining intensity (determined by
increasing intensity from 0 to 3+) as well as percent cells positive detected at the tumor cell
membrane. H-Score = (%6 at <1+ X 0} + (%6 at 19X 1) +H{{ % at 2+) X 2) + ({(%3+) X3). H-Scores
ranged from 1-220, 1-250, and 0-290 for the lung, ovarian and xenograft tissues, respectively as
shown in a scatter plot in Figure 8 where the graphed H Scores (v axis) and tissue type {(x axis), are

colored by median best response for the xenografts.

Example 6: Classification of Lung Cancer

{60313} The histopathologic classification of lung cancer is based on morphologic features, but
may require ancitlary immunohistochemical stains for accurate diagnosis. Non-small cell carcinoma
can be divided into a number of subtypes inchuding Squamous Cell Carcinoma (SCC) and
Adenocarcinoma (ACA). The use of specific therapeutic agents can be indicated or contraindicated
in different lung cancer subtypes ( see, for example, Am J Surg Pathol., Volume 35, Number 1,
January 2011 . Currently, panels of immunohistochemical stains are emploved to categorize tumors,
for example Cytokeratin 5/6, TTF-1, Napsin A, p40 and p63. NaPi2b protein, detected by MERS67,
has expression in normal lung tissue including in cell types that could be precursor to lung ACA (
i.e. Type Il alveolar cells), and could be a marker for adenocarcinoma. It could be employed as a
single stain marker or used to improve current immunohistochemical panels.

{60314} Additionally, data from publicly available data sources, RNA expression values of
genes commonly assaved at the protein level in an IHC format, mimic the IHC profiles
characteristic of adenocarcinoma and squamous cell carcinoma, on a population basis. Viewing the

farge scale expression data on an individual tumor basis also suggests that understanding the
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expression level of NaPiZb could help refine the classification of adenocarcinoma and squamous
cell carcinoma.

{80315] Figure 9 is a box plot showing RINAseq data extracted from The Cancer Genome Atlas
(TCGA) showing differential expression of NaPi2b, Napsin A, CK5 and TTF1 in Lung SCC and
ACC. Immunohistochemical panels detecting protein expression from panels such as Napsin A,
CKS5 and TTF1 from can be used in the classification of squamous cell lung carcinoma and lung
adencarcinoma. Detection of expression of NaPi2b could be used to suppiement the currently used
panel.

{00316} Figure 10 is a scatter plot showing RNAseq data extracted from TCGA. NaPi2b s
shown on the x-axis and Napsin A is shown on the y-axis. Expression of Cytokeratin 5 is indicated
by color, with darkest being highest expression level. Most tissues annotated as squamous cell
carcinoma {circle shape) are contained within the solid line oval. Most tissues annotated as
adenocarcinoma (square shape) are in the upper right quadrant of the graph. Some tumors classified
as squamous cell carcinoma area also located in the upper right guadrant, marked with the dashed
circle, and are low expressers of cytokeratin. Use of a protein marker, such as NaPi2b might refine
the classification of tumors such as those in the dashed circle.

180317} Figure 11 shows TCGA provisional data as of May 21, 2018 for lung SCC and ACA
Stgnal. 2013 Apr 2;6(269):pl) and graphed to show the relationship of NaPiZb RNA expression
compared with the RNA expression values of the genes TTF-1, Napsin A, CK3, p63 that are more
conventionally evaluated by IHC to differentiate SCC and ACA in the clinical setting. The upper
row shows the ACA RNA results and the lower row the SCC RNA results. NaPi2b is shown on the
x~-axis and the gene of interest on the y axes. There appears to be a correlation between the NaPiZb
RINA expression with Napsin A genes for ACA, while other genes appear less well or uncorrelated.
{00318} Figure 12 shows the TCGA provisional data as of May 21, 2018 for lung SCC and
ACA extracted from cBicPortal (Cerami et al., Cancer Discov May 1 2012 (2} (5) 401-404; Gao et
Napsin-A, CKS5 and p63 genes in ACA and SCC. In each plot the ACA results are to the left. The
v axis s a measure of RNA expression, as determined by RNAseq. The results show that overall,
SLC34A2 expression appears higher in adenocarcinoma relative to squamous cell carcinoma.
{00319] While the distinctions made based on RNA expression somewhat overlap the proteins

that are evaluated in the clinic by IHC, the RNA based classification based on the commonly used
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genes has not been validated. A published unbiased attempt to find genes most differentially
expressed in lung cancer only returned TTF1/TITF] in the list of SCC vs ACA genes (Wilkerson et
al, Journal of Moledular Diagnostics, 2013 15:4, 485-497}, suggesting that RNA profiling based on
the genes used for differentiation by THC is not the best way to make the distinction of ACA vs

SCC.

Example 7: Differentiating ACA from SCC using NaPiZb Protein Expression

100320} An immunohistochemical assay for MERS6G7 was established on a Leica BondRx
Instrument. The assay was performed on tissue microarrays {TMA), including NSCLC and small
cell fung cancer (SCLC) cell line arrays, and a NSCLC human tumor array. Tumors in the NSCLC
array had previously been classified based on morphologic features only. All arrays were scored
based on the H-score method.

100321] To characterize the primary tumors further, the tumor TMA was stained with TTF-1
and p40, markers of ACA and squamous cell carcinoma (SCC), respectively. Results of this staining
were compared to MERS67 staining patterns. H-Scores in the NSCLC cell line TMA ranged from
0-260, and from 0-100 in the small cell lung carcinoma {(SCLC) TMA. Within the tissue microarray,
99 individual cases were evaluable. By morphologic classtfication 63 cases were SCC, and 23 cases
were ACA. Using an arbitrary cut point of H=50, there was a statistically significant difference in
the number of NaPi2b positive ACA cases (19/23) vs SCC (3/63). Figure 13 is a box plot of the H
scores derived from MERS67 THC comparing SCC vs ACA, when these tumors were classified by
morphology only.

180322} Figure 14 shows the NaPiZb staining results based on histelogy for the NSCLC cohort
only in those specimens where classification of ACA vs SCC by histology and TTF-1/p40 ITHC
results were in agreement. NaPi2b H score as determingd by IHC is plotted on the Y-Axis and
hustology subtype is characterized on the X-axis. Among 43 cases where p40 and TTF-1 were
evaluable and were tn agreement with morphologic diagnosis, 7/7 cases of ACA were positive for

NaPiZb, while 0/36 SCC were positive

OTHER EMBODIMENTS
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{00323} While the invention has been described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate and not limit the scope of the invention,

which is defined by the scope of the appended claims. Other aspects, advantages, and modifications

are within the scope of the following claims.
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What is claimed is:
I A method of predicting the responsiveness of a cancer patient to treatment with a NaPiZb-
targeted antibody drug conjugate comprising:
a. detecting whether NaPi2b is present in a tumor sample obtained from the patient by
contacting the tumor sample with an anti-NaPiZb antibody;
b. detecting binding between NaPi2b and the antibody; and
c. predicting that the patient with be responsive to treatment when the presence of

NaPi2b in the tumor sample is detected.

2. A method of predicting the responsiveness of a cancer patient to treatment with a NaPi2Zb-
targeted antibody drug conjugate comprising:
a. detecting whether NaPi2b is present in a tumoor sample obtained from the patient by
contacting the tumor sample with an anti-NaPi2b antibody;
b. detecting binding between NaPiZb and the anti-INaPi2b antibody; and
¢. scoring the detection pathologically, wherein a pathology score correlates with
responsiveness to treatment.
3. The method of predicting the responsiveness of a cancer patient to treatment with a NaPiZb-
targeted antibody drug conjugate comprising
a. measunng the expression level of NaPiZb in a tumor sample obtained from the
patient by contacting the tumor sample with an anti-NaPi2b antibody; and
b. predicting that the patient with be respousive to treatment when the expression level
of NaPiZb in the tumor sample is higher than a predetermined cut-off point.
4. The method of claim any one of the preceding claims, further comprising administering a
NaPiZb-targeted antibody drug conjugate to a subject predicted to be responsive.
5. A method of treating a cancer in a subject with a NaPi2b-targeted antibody drug conjugate
comprising:
a. detecting whether NaPi2b is present in a tumor sample obtained from the patient by

contacting the tumor sample with an anti-NaPi2b antibody;

b detecting binding between NaPi2b and the anti-NaPiZb antibody;
C. predicting that the patient with be responsive to treatment with the NaPi2b-targeted

antibody drug conjugate when the presence of NaPi2b in the tumor sample is

detected; and
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d. administering the NaPiZb-targeted antibody drug conjugate to a subject predicted to
be responsive.

The method of claim 1, 4 or 5, wherein the predicting is accomplished by scoring the

detection of step (b) pathologically, wherein a pathology score correlates with

responsiveness to treatment.

The method of claim 1, 4 or 5, wherein the predicting 1s accomplished by determining that

the expression level of NaPi2b in the tumor sample is higher than a predetermined cut-off

point.

The method of claim 3 or 7, wherein the predetermined cut-off point 13 calculated by the H-

score method.

The method of claim 2 or 6, wherein the pathology score 1s a quantitative or a semi

quantitative score.

The method of claim 2, 6 or 9, wherein the pathology score 1s determined by hight

microscopy or iimage analysis.

The method of any one of the preceding claims, wherein the cancer a NaPi2b- expressing

cancer.

The method of claim 11, wherein the NaPi2b- expressing cancer is lung cancer, ovarian

cancer, breast cancer, colorectal cancer, kidney cancer, thyroid cancer, renal cancer, salivary

duct adenccarcinoma, endometrial cancer, cholangiocarcinoma, papillary thyroid cancer or

papitlary renal cancer.

The method of claim 12, wherein the lung cancer is non-small lung carcinoma (NSCLC)

The method of claim 13, wherein the NSCLC 1s non-squamous NSCLC.

The method of claim 13, wherein the NSCLC 1s adenocarcinoma

The method of claim 12, wherein the ovarian cancer is epithelial ovarian cancer.

The method of claim 12, wherein the ovarian cancer 1s platinurs-refractory ovarian cancer.

The method of any one of the preceding claims wherein the antibody of the NaPi2b-targeted

antibody drug conjugate is XMT-1535.

The method of any one of the preceding claims wherein the antibody of the NaPiZb- targeted

antibody drug conjugate comprises: a variable heavy chain complementarity determining

region 1 (CDRH1) comprising the amino acid sequence GYTFTGYNIH (SEQ ID NO: 3), a

variable heavy chain complementarity determining region 2 (CDRH2) comprising the amino

acid sequence AIYPGNGDTSYKOQKFRG (SEQ ID NO: 4), a vartable heavy chain
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complementarity determining region 3 (CDRH3) comprising the amino acid sequence
GETARATFAY (SEQ ID NO: §), a variable hight chain complementarity determining
region | (CDRL1) comprising the amino acid sequence SASQDIGNFLN (SEQ ID NO: 6}, a

variable light chain complementarity determining region 2 (CDRL2) comprising the amino

acid sequence YTSSLYS (SEQ 1D N(O: 7), a vartable light chain complementarity
determining region 3 (CDRLS) comprising the amino acid sequence QQYSKLPLT (SEQ ID
NG: B).
20. The method of anyone of the preceding claims wherein the NaPi2b-targeted antibody drug
conjugate 18
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wherein:
m is an integer from 1 to about 300,
mj is an integer from 1 to about 140,
ma 18 an integer from 1 to about 40,
m3a is an integer from O to about 17,
msp 1S an integer from 1 to about 8;
the sum of mza and m» ranges from 1 and about 18; and
the sum of m, my, m2, m3a, and msp ranges from 15 to about 300;
the terminal 3 denotes the attachment of one or more polymeric scaffolds to the NaPi2b-
targeted antibody XMT-1535
21 A method of subtyping a non-small cell lung carcinoma as adenocarcinoma comprising:

detecting whether NaPi2b is present in a non-small cell lung carcinoma sample by

contacting the sample with an anti-NaPi2b antibody and detecting binding between NaPiZb
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and the antibody; and subtyping a non-small cell lung carcinoma as adenocarcinoma when
the presence of NaPi2b is detected in the sample.

The method of claim 18, further comprising detecting one or more of TTF-1, Napsin A, p63,
p40 or CK5/6 in the a non-small cell lung carcinoma sample.

The method of any one of the preceding claims, wherein said detecting is performed
immunohistochemically.

The method of any one of the preceding claims, wherein the anti-NaPi2b antibody is a
chimeric antibody.

The method of claim 24, wherein the chimeric antibody comprising a human variable region
and a non-human constant region.

The method of claim 24, wherein the chimeric antibody comprises the variable region of
antibody XMT-1535.

The method of claim 24, wherein the non-human constant region is rabbit.

The method of any one of the preceding claims, wherein the tissue sample is a formalin-
tixed paraffin-embedded sample.

The method of any one of the preceding claims, wherein the antibody is detected with a
labeled secondary antibody.

A chimeric antibody comprising: a vanable heavy chain coraplementarity determining
region 1 {CDRH1) comprising the amino acid sequence GYTFTGYNIH (SEQ ID NOG: 3), a
variable heavy chain complementarity determining region 2 ({CDRH2) coruprising the amino
acid sequence AIYPOGNGDTSYKOGKFRG (SEQ ID NO: 4), a variable heavy chain
complementarity determining region 3 (CDRH3) comprising the amino acid sequence
GETARATFAY (SEQ ID NO: 5}, a variable light chain complementarity determining
region | (CDRL1) comprising the amino acid sequence SASQDIGNFLN (SEQ ID NO: 6), a
variable light chain complementarity determining region 2 (CDRL2) comprising the amino
acid sequence YTSSLYS (SEQ ID NO: 73, a variable light chain complementarity
determining region 3 (CDRL3) comprising the amino acid sequence QQYSKLPLT (SEQ ID
NO: 8}

The chimeric antibody of claim 30, wherein the antibody comprises the variable heavy chain
of SEQ ID No: 1 and the variable light chain of SEQ 1D No:2.

The chimeric antibody of claim 30 or 31 wherein the constant region 1s a rabbit constant

region.

3
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33, The chimeric antibody of any one of claims 30-32 comprising a rabbit IgG1 heavy chain
constant region and a rabbit kappa constant region hight chain,

34, The chimeric antibody of claim 33, wherein the wherein antibody comprise the heavy chain
constant region of SEQ ID No: 11 and the light chain constant region of SEQ ID NO:12

35. A plasmid comprising the nueleic acid of SEQ 1D NO: 17 and/or SEQ 1D NO: 18

36. A cell comprising the plasmid of claim 35.

37, A wmethod of treating papiliary thyroid cancer, papillary renal cancer, salivary duct
adenocarcinoma, endometrial cancer or cholangiocarcinoma comprising administering to the
subject NaPi12b-targeted antibody drug conjugate in an arount sufficient to alleviate the
symptom of the cancer.

38, The method of claim 37, wherein NaPiZb-targeted antibody drug conjugate is:

F * \[QH(OH \[ /T\I j: + /{/\[ \E
HN HN HN
C
po= gno i il
HN Het HN © On\gm
NH (NH }
o= o )
o= ij\ Oﬁ’NHo OMe '“‘Me‘ o Me
‘fs 0 o ? S 1(”?\31:\19
A -0 D H
\];( ’\_?N /L(N Nt
qu——\fn =% _\—ﬁ)
© cooH
wherein:

m is an integer from 1 to about 300,

mi 18 an integer from 1 to about 140,

mz 1§ an integer from 1 to about 40,

Ma3a is an integer from O to about 17,

m3b 1S an integer from 1 to about §;

the sum of msa and msw ranges from 1 and about 18; and

the sum of m, m1, my, m3a, and ma ranges from 15 to about 300;

the terminal g denotes the attachment of one or more polymeric scaftolds to the NaPiZb-

targeted antibody XMT-1535.
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Figure 2

A. SDS-PAGE B. Western blot

Mmoot 2 M P 2

Lane M: Protein Marker

Lane 1: Reducing conditions

Lane 2. Non-reducing conditions

Lane P IgG from rabbit serum (Sigma, Cat No.15006) as positive control

SUBSTITUTE SHEET (RULE 26)



WO 2019/060542

mAuU
B
<o

& O~ 00 O
Lo IR o B oo B e N )

e 2 & ]
[ N e B oo T o |

PCT/US2018/051951

3/22
Figure 3A
=+
o
[&2]
P
(D
o o
.
=/
12345678 91011121314 151617181920 2122232425
Time [min]
Signal:  VWD1 A, Wavelength=280 nm
RT [min] [Height Width [min]  {Area Areg%
10431 12,5755 0.8921 137.8544 14,9464
12140 182.9476 0.4726 231520483  184.3939
19679 |11.0842 0.4467 297.0854 106597
Sum 2786.9881

SUBSTITUTE SHEET (RULE 26)



WO 2019/060542 PCT/US2018/051951
4/22
Figure 3B
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Figure 5
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Figure 11
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