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ABSTRACT
◥

Extra domain B splice variant of fibronectin (EDBþFN) is an
extracellular matrix protein (ECM) deposited by tumor-associated
fibroblasts, and is associated with tumor growth, angiogenesis, and
invasion. We hypothesized that EDBþFN is a safe and abundant
target for therapeutic interventionwith an antibody–drug conjugate
(ADC). We describe the generation, pharmacology, mechanism of
action, and safety profile of an ADC specific for EDBþFN (EDB-
ADC). EDBþFN is broadly expressed in the stroma of pancreatic,
non–small cell lung (NSCLC), breast, ovarian, head and neck
cancers, whereas restricted in normal tissues. In patient-
derived xenograft (PDX), cell-line xenograft (CLX), and mouse
syngeneic tumor models, EDB-ADC, conjugated to auristatin
Aur0101 through site-specific technology, demonstrated potent
antitumor growth inhibition. Increased phospho-histone H3, a
pharmacodynamic biomarker of response, was observed in

tumor cells distal to the target site of tumor ECM after EDB-
ADC treatment. EDB-ADC potentiated infiltration of immune
cells, including CD3þ T lymphocytes into the tumor, providing
rationale for the combination of EDB-ADC with immune check-
point therapy. EDB-ADC and anti-PD-L1 combination in a
syngeneic breast tumor model led to enhanced antitumor activity
with sustained tumor regressions. In nonclinical safety studies in
nonhuman primates, EDB-ADC had a well-tolerated safety
profile without signs of either on-target toxicity or the off-
target effects typically observed with ADCs that are conjugated
through conventional conjugation methods. These data highlight
the potential for EDB-ADC to specifically target the tumor
microenvironment, provide robust therapeutic benefits against
multiple tumor types, and enhance activity antitumor in com-
bination with checkpoint blockade.

Introduction
Tumors are no longer defined by only the highly proliferative cancer

cell compartment, but instead the diverse repertoire of recruited or
locally expanded cells comprising the tumor microenvironment (TME)
recognized as active participants and key determinants in cancer
progression. The TME, consisting of multiple distinct cell types includ-
ing fibroblasts, pericytes, blood and lymphatic endothelial cells, innate
and adaptive immune cells, as well as growth factors and protease-rich
extracellular matrix (ECM), contributes to the stromal compartment
orchestratingheterotypic interactionswith the cancer cells, progressively
driving tumor cell survival, progression, and invasion (1).

Targeted cancer therapeutics, including small molecule inhib-
itors, monoclonal antibodies (mAbs), and antibody–drug conjugates
(ADC), have been largely focused on taking advantage of the cancer
cell-related molecular signatures or cell surface proteins to target
cancer cells with cytotoxic and other inhibitory agents whileminimally
affecting normal cells.However, the components of the TMEmay limit
the efficacy of these therapies by driving therapeutic resistance (2).
Fibroblasts are the keyTME cellular constituents responsible for laying
down the ECM components, including the glycoprotein fibronectin.
The ECM not only serves as a structural and facilitating scaffold for
tumor cell migration via the sequestration and directional concentra-
tion of cytokines, but also augments ability of the tumor to withstand
harsh conditions such as hypoxia, high metabolic demand, and
chemotherapeutic attack (2). Therapies designed to target the TME,
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ECM, and stroma to date have had mixed results, and in some cases
have been reported to promote worse outcomes (3–6).

Extra domain B (EDBþFN) splice variant of fibronectin 1 consists
of a 91 aa domain inserted into fibronectin 1 at the primary transcript
level, is a non-internalizing, insoluble, ECM-associated protein, and
is a marker of tissue remodeling and angiogenesis (7–11). In solid
tumors, EDBþFN is secreted by fibroblasts, myofibroblasts, and
vascular smooth muscle cells and is associated with tumor growth,
angiogenesis, and invasion (12). Because EDBþFN selectively accu-
mulates in the stroma around new blood vessels in tumors and is
largely absent in normal adult vasculature, EDBþFN is a promising
target for drug development and tumor-specific delivery of cytotoxic
payloads to the TME with an ADC. ADCs employ the exquisite
specificity of mAbs for the targeted delivery of highly potent cytotoxic
drugs to the tumor site. ADCs have exhibited promising therapeutic
results and several products have gained marketing authorization for
the treatment of certainmalignancies in patients. However, limitations
of off-tissue on-target distribution of the antibody into normal tissues
remain problematic, thereby limiting the potential for widespread
patient benefit. In addition, conventionally conjugated ADCs, where
the cytotoxic molecules or payloads are attached to the antibody via
lysine side-chain amines or through activated cysteine sulfhydryl
groups yielding heterogeneous products with different molar ratios
of drug to antibody,may also be limited by themaximumdose that can
be administered due to off-target and off-tissue effects of the cytotoxic
payload once it dissociates from the antibody.

New classes of ADCs have been developed, which retain potent
antitumor activity, but with reduced off-target effects. One example is
the site-specific engineered kK183C-K290C antibody conjugated to
mcValCitPABC_Aur-06380101 (vc0101), which showed improved
linker-payload stability, potent efficacy, and reduced myelosuppres-
sion when applied to anti-Her2 trastuzumab (13). The linker-payload
vc0101 is completely synthetic and delivers auristatin PF-06380101
(Aur0101), a microtubule depolymerizing agent, also known as a
microtubule inhibitor (MTI), with potent anti-mitotic and cytotoxic
properties (14, 15). Release of the payload is triggered by proteases such
as cathepsins, and both intracellular and extracellular proteases are
likely to release the payload (16). The bystander activity of the cell-
permeable auristatin payload demonstrates cytotoxicity in a hetero-
genous tumor environment (13), and we hypothesized would be
effective even for an extracellular target such as EDBþFN.

Herein, we show that EDBþFN is an attractive tumor target, as it is
broadly expressed and highly enriched in the stromal compartment of
multiple cancer types, with a restricted normal tissue expression
pattern that is conserved across humans and nonhuman primates.
By targeting the stroma and ECM with a novel, highly specific
EDBþFN targeting, site-specific ADC, we achieve durable human
tumor regressions in mouse models of cancer in a variety of tumor
types, harnessing a bystandermechanismwithout any negative impact
on normal tissues. Furthermore, we show that targeting EDBþFNwith
an ADC induces immune checkpoint mechanisms, as seen by the
infiltration of PD-L1 positive immune cells into the tumor parenchy-
ma in a murine breast cancer model. Consequently, a combination
benefit is observedwith an anti-PD-L1 inhibitor antibody, highlighting
the potential to combine EDB-ADC with immune checkpoint inhi-
bitors to enhance clinical benefit. The combination of low-dose EDB-
ADCand anti-PD-L1 eliminates tumors. These studies, taken together,
expand to non-internalizing ECM, stromal-associated proteins, and
proteins involved in mechanisms of angiogenesis, as what we think of
as druggable targets for ADCs and other novel tumor tissue targeting
modalities.

Materials and Methods
EDBþFN IHC on normal and tumor tissues

Fresh frozen human tumor, normal human tissue, and normal
cynomolgous monkey (Macaca fascicularis) sections were obtained
from the Pfizer Tissue Bank for the assessment of EDBþFN protein
expression by immunohistochemistry (IHC). Detailed IHC method
information is provided in the SupplementaryMaterials andMethods.

Construction of anti-EDBþFN antibodies
cDNA encoding a fully human IgG1-Kappa antibody derived from

the L19 clone (10) that binds EDBþFN was constructed within a
proprietary CHO expression vector using In-Fusion Cloning (Takara
Bio). PCR was used to add sequence tags for In-Fusion Cloning to the
L19 heavy chain harboring theK(94)RVH frameworkmutation (Kabat
numbering) to remove a putative glycation liability and the K(290)C
(EU numbering or 307 by Kabat numbering) mutation in the constant
region to enable site-specific conjugation of vc0101. Similarly, In-
Fusion cloning tags were incorporated onto the L19 light chain
containing K(183)C (Kabat numbering) within the human Kappa
constant region for site-specific conjugation of the linker payload. The
heavy chain and light chain were then combined in a single In-Fusion
reaction to obtain the final construct within an expression vector for
anti-EDBþFN-K(94)R-hIgG1-K290C-Kappa-K(183)C antibody.

A reverse chimeric (rc) antibody comprised of human L19 anti-
EDBþFN heavy and light chain variable regions fused to mouse
constant regions was generated to produce an ADC for immunocom-
petent syngeneic tumor models. The cDNA encoding human L19
heavy and light chain variable regions fused to mouse IgG2a and
mouse Kappa regions, respectively, were constructed by gene synthesis
and subcloned into the pTT5 expression vector (Blue Heron Biotech).
Nucleic acid sequence encoding anti-EDBþFN-K(94)R-hIgG1-
K290C-Kappa-K(183)C and the rc anti-EDBþFN antibodies was
confirmed using double-stranded Sanger DNA sequencing.

Production of anti-EDBþFN antibodies and surface plasmon
resonance determination of binding affinity

The anti-EDBþFN-K(94)R-hIgG1-K290C-Kappa-K(183)C anti-
body expression vector was used to generate stable CHO single-site
integration pools and the antibody was purified from the resultant
conditioned medium using a two-column purification, Protein A
MabSelect SuRe (GE Life Sciences) followed by trimethylaminoethyl
(TMAE) at pH 8.1 with weak partitioning to remove high-molecular
mass species and process related impurities. Anti-EDBþFN-K(94)R-
hIgG1-K290C-Kappa-K(183)C antibody was formulated into PBS-
CMF pH 7.2. The rc anti-EDBþFN antibody was produced by
transiently co-transfecting HEK-293 cells with expression vectors
encoding the heavy and light chains and purified using a two-
column purification, Protein A MabSelect SuRe (GE Life Sciences)
followed by size-exclusion chromatography (SEC, Superdex 200) and
was then formulated into PBS-CMF pH 7.2.

Details and description of the surface plasmon resonance techni-
ques used to evaluate affinity and avidity of the EDBþFN antibodies
are provided in the Supplementary Materials and Methods.

Conjugation of EDB to vc0101 and purification of ADCs
Anti-EDBþFN antibodies were conjugated to Aur0101 molecules

using mcValCitPABC (ValCit) linker to produce mcValCitPABC_
Aur-06380101 (vc0101) ADCs. Anti-EDBþFN antibodies (27.2 mg/-
mL in PBS, pH 7.2) were reduced with 15-fold molar excess of tris(2-
carboxyethyl) phosphine (TCEP) at 37�C for 7 hours, then desalted on
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Sephadex-G25 to remove excess TCEP. Interchain disulfide bonds
were re-oxidized with 30-fold molar excess of dehydroascorbic acid
(DHA) at 4�C overnight, then DHA was removed by desalting.
Conjugation was conducted in 9-fold molar excess of mcValCitPAB-
C_Aur-06380101 in PBS containing 10% dimethylamine (DMA) at
25�C for 2 hours. Excess linker-payload was quenched with 9-fold
excess of L-cysteine at 25�C for 15 minutes, then the ADC dialyzed in
PBS at 4�C overnight. The conjugate was purified by SEC on Superose-
200 in PBS. Themonomer peakwas collected, and sample dialyzed into
20 mmol/L histidine/8.5% sucrose, pH 5.8, then sterile filtered and
stored at �80�C. Protein concentration was determined via UV
spectrophotometry, and the ADC was further characterized via SEC
for monomer content (99%–100%), and via LC/MS to measure free
drug content (below the level of quantitation) and to calculate the
drug–antibody ratio of the resulting EDB-vc0101 (EDB-ADC, DAR¼
3.9). Negative control IgG1 antibody (also with kK183C-K290C
mutations) was conjugated to themcValCitPABC_Aur-06380101 and
purified under the same conditions as above and generated a product
(Neg-vc0101, Neg-ADC) with DAR¼ 3.9. The rc version of the ADC
was conjugated with 2.2-fold molar excess of TCEP and 7-fold excess
of mcValCitPABC_Aur-06380101, resulting in an ADC (rcEDB-
vc0101, rcEDB-ADC) with DAR of 3.4.

In vitro and in vivo pharmacology studies
Experimental conditions for the in vitro pharmacology assessments

are described in the Supplementary Materials and Methods.
All mouse animal studies were approved by the Pfizer Institutional

Animal Care and Use Committee (IACUC) in accordance with the
guidelines described in “Guide for the Care and Use of Laboratory
Animals” (NRC, 2011). Female NOD.CB17-Prkdcscid (NOD-SCID)
mice, athymic nu/nu nude mice, and Balb/c mice 7 to 10 weeks of age
(NOD-SCID Stock No.: 394; nu/nu nude, Stock No.: 088; Balb/c Stock
No. 028) were obtained from Charles River Laboratories. The human
non–small cell lung cancer (NSCLC) patient-derived xenograft (PDX)
37622A1 (PDX-NSX-11122) was subcutaneously passaged in vivo as
fragments in nu/nu mice as described previously (8). The human
pancreatic carcinoma PDX PA0165F/PDX-PAX-13565 (Model Name
TM00176) was purchased from The Jackson Laboratory was subcu-
taneously passaged in vivo as fragments in NOD-SCID mice. For
studies using NCI-H1975 (H1975, ATCC), athymic nu/nu nude mice
were injected subcutaneously in the right flank with 8 � 106 cells
suspended in 100% Matrigel (BD Biosciences). For studies using the
mouse syngeneic cell line EMT6, 8-week-old Balb/cmice were injected
in the leftmammary fat padwith 1 � 106 cells suspended inDPBS. For
rechallenge experiments in EMT6, once mice had completely elimi-
nated their EMT6 tumors in response to treatment the mice stayed on
study tumor-free until Day 40 to 45, then 0.3 � 106 EMT6 cells were
re-injected into the right mammary fat pad. Tumors were measured at
least twice/week with a Vernier caliper (Mitutoyo) and the tumor
volume ¼ (width � width � length)/2. Mice were randomized into
study groups when mean tumor volume reached a prespecified tumor
volume.Mice were treated intravenously every 4 days with phosphate-
buffered saline (PBS; Gibco, Catalog No. 14190–144, as vehicle),
Neg-vc0101 (Neg-ADC), EDC-vc0101 (EDB-ADC), or rcEDB-vc0101
(rcEDB-ADC).Mouse IgG2a anti-PD-L1 (reverse chimeric avelumab)
was generated in Pfizer.

Histology and IHC for mechanism of action and
pharmacodynamic biomarkers

Mechanism of action and pharmacodynamic biomarker studies
were conducted in parallel to the efficacy studies. Detailed experi-

mentalmethods for the IHC studies are available in the Supplementary
Material and Methods.

Cynomolgus safety and pharmacokinetic study design
Nonhuman primate studies were approved by Pfizer IACUC,

conducted in an Association for Assessment and Accreditation of
Laboratory Animal Care–accredited institution, and conducted in
accordance with the current guidelines for animal welfare. Experi-
mental conditions for the nonhuman primate studies and pharma-
cokinetic assessments are available in the Supplementary Materials
and Methods.

Data availability
The data generated in this study are available within the article and

its supplementary data files.

Results
EDBþFN is broadly expressed in human tumors while restricted
in normal tissues

EDBþFN expression in human tumors and normal tissues was
studied utilizing a high-sensitivity IHC technique developed to elim-
inate nonspecific reactivity typical when staining human tissues with a
human antibody. Breast cancer (N ¼ 12), NSCLC (N ¼ 15), ovarian
cancer (N ¼ 12), head and neck squamous cell cancer (N ¼ 25), and
pancreatic cancer (N ¼ 14) were evaluated for EDB expression
(Fig. 1A). EDBþFN was expressed in 100% of the tumors stained
and expressed at a moderate or high level in the majority of tumors
(Fig. 1A, inset table). EDBþFN was strongly expressed in the tumor
ECM surrounding the tumor parenchymal nests in most tumors
(Fig. 1A), consistent with previous reports of EDBþFN expression
in multiple cancer indications (17–20). There was occasional weaker
and less consistent tumor cell staining. EDBþFN IHC on normal
human tissues demonstrated the selectivity of the EDBþFN to tumors,
with some exceptions such as stromal elements in themuscularis of the
gastrointestinal (GI) tract and the ovaries (Fig. 1B–G). These findings
were consistent with previous reports that EDBþFN is restricted in
normal tissues (12). In addition, we examined EDBþFN expression
using the TCGA database, showing widespread EDBþFN expression
across cancer indications with limited normal tissue expression in
tissues either adjacent to tumors (as in the TCGA database) or normal
tissues (from GTEX database; Supplementary Fig. S1). Altogether,
these data demonstrate EDBþFN is an abundantly expressed tumor
ECM protein expressed across a wide breadth of tumor indications
with a considerable and favorable tumor to normal (T:N) ratio. This,
combined with the restricted normal expression of EDBþFN to
predominantly non-proliferating regions, positions EDBþFN as an
ideal target for the development of an ADC.

Anti-EDBþFN antibody binding is avidity driven
The binding affinity (KD) of anti-EDBþFNL19 antibody for human

7-EDB-89 (EDB) was determined to be 231� 1.4 nmol/L using a SPR
method where the EDB antibody L19 was captured via an anti-human
Fc antibody which was directly immobilized onto the biosensor chip
and EDB was used as the analyte (Supplementary Table S1). However,
when using a different SPR approach, where EDBwas directly coupled
to the biosensor chip and L19 used as the analyte, the affinity
measurement (KD) was 43.1 � 6.08 pmol/L—much higher than that
determinedwhenEDBwas used as the analyte, reflecting a large avidity
component (�5,000-fold) for L19 antibody binding interaction with
EDB. Using this latter method, but varying the density of EDB
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immobilization, the KD is proportional to the EDB immobilization
levels: 182.5 � 21.9 or 414.5 � 201.5 pmol/L using medium or low-
density immobilized, respectively, supporting an avidity binding
component for L19 antibody interaction with EDB. To eliminate
potential biosensor chip matrix effect when EDB is used as the analyte
since the pI of recombinant 7-EDB-89 protein is 5.0, EDB was directly
immobilized onto the biosensor chip and the antigen binding fragment
(Fab) was used as the analyte to remove avidity component. The
affinity determined for L19 and L19-K(H94)R-kK(L183)C Fabs bind-
ing EDB were 21.3 � 0.64 and 39.5 � 7.4 nmol/L, respectively
(Supplementary Table S1). The Fab direct binding SPR method offers
themost accurate affinitymeasurement for L19 antibody binding EDB
because it eliminates the avidity factor and indicates that the negative
charge of biosensor carboxyl matrix may have slowed the on-rates or
hastened off-rates due to negative charge of human 7-EDB-89 protein.
Collectively, these data suggest that the apparent binding of anti-
EDBþFN antibodies is enhanced by significant contribution from
avidity when in the presence of high concentrations of antigen or
target, which could allow for increased and preferential binding of the
anti-EDBþFN antibody or ADC to the tumor microenvironment
(where EDBþFN is enriched) versus normal tissues (where EDBþFN
is at lower densities or absent)—thereby widening the T:N differential.

EDB-ADC binding to EDBþFN results in cell killing
We hypothesized an ADC is an ideal targeting modality for

EDBþFN to further leverage the T:N differential of EDBþFN via the
selection of a linker-payload. We employed a linker able to be cleaved
by proteases present in the tumor extracellular microenvironment and
an MTI payload which is more potent against proliferating cells in the

tumor and less so in normal tissues (21) for the generation of the ADC,
together with site-specific conjugation technology which permits
exquisite stability of the ADC resulting in reduced off-target
toxicities (13).

A site-specific conjugation approach was used to generate EDB-
vc0101 (EDB-ADC) with a DAR of 3.9. EDB-ADC binding was
assessed via ELISA demonstrating that EDB-ADC bound to
7-EDB-89 with a relative binding measurement of 0.05 nmol/L, which
was identical to that of the conventionally conjugated EDB-ADC,
suggesting that the ADC has similar binding properties regardless of
being a site-specific ADC (Supplementary Table S2). To enable further
controlled studies and in vivo studies in syngeneic animals, a non-
targeted control Neg-ADC was generated (DAR ¼ 3.9) and a reverse
chimeric form of the ADC was generated for syngeneic studies
(rcEDB-ADC, DAR ¼ 3.4).

Although EDBþFN is predominantly expressed in vivo by prolif-
erating or activated fibroblasts and deposited into the extracellular
matrix, transformed fibroblastic cell lines such as WI-38 VA-13
provides an opportunity to characterize the cytotoxic potential of
ADC candidates in vitro. In conjunction, EDBþFN negative cell lines
permit testing the specificity of ADCs for their target and to assess the
potential for off-target cytotoxic effects. EDBþFN expression was
assessed in a panel of cell lines using western blot analysis (Supple-
mentary Fig. S2). Utilizing EDBþFN-positive WI-38 VA-13 fibro-
blasts, the in vitro potency (IC50) of EDB-ADCwas demonstrated to be
216 ng Ab/mL. This was similar to the in vitro potency of the
conventionally conjugated EDB-ADC at 185 ng Ab/mL, further
demonstrating pharmacologic comparability between the two ADCs.
The requirement of EDBþFN for the activity of EDB-ADC was

B
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A Breast cancer NSCLC Ovarian cancer Head and neck cancer Pancreatic cancer

Tumor type # Samples % Moderate or high

NSCLC 15 100

Breast 12 92

Ovarian 12 83

Pancrea�c 14 79

Head and neck 25 80

Expression of EDB+ fibronectin in human cancer

Figure 1.

EDBþFN is expressed in the ECM of multiple tumor types with restricted expression in normal tissues. A, Panels of breast cancers, NSCLCs, ovarian cancers, head
andneck cancers, andpancreatic cancerswere IHC stained for EDBþFN, demonstratingwidespreadECMand stromal reactivity in themajority of tumors (inset table).
B–G, Normal human tissues including heart (B), kidney (C), liver (D), lung (E), small intestinal muscularis mucosae (F), and muscularis externa (G) were stained for
EDBþFN. Micron bar ¼ 300 mm.
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demonstrated by inclusion of the EDBþFN-negative tumor cell line
HT-29, where minimal cytotoxicity was observed similar to Neg-ADC
(IC50 >10,000 ng Ab/mL), suggesting that the cytotoxicity of EDB-
ADC is dependent on EDBþFN expression (Supplementary Fig. S3;
Supplementary Table S3).

EDB-ADC eliminates human tumors in in vivo mouse models of
human cancer

EDBþFN expression was evaluated in NSCLC and pancreatic
cancer xenografts in immunocompromised mice using IHC. H1975
cell line xenograft (CLX), PDX-NSX-11122, and PDX-PAX-13565 had
high EDBþFN protein expression in the tumor stroma (Fig. 2A).
Utilizing these tumor models, we dosed the mice at staging volume
q4dx4 with EDB-ADC intravenously (Fig. 2B). In the H1975 model,
treatment with EDB-ADC at 1 and 3 mg/kg resulted in a marked
decrease in mean tumor volume (MTV) from staging. Tumor growth
inhibition (TGI) was statistically significant compared with vehicle-
treated mice on the last day the vehicle treated mice were on study
(study day 14 ANOVA, P < 0.0001). EDB-ADC at 1 and 3 mg/kg
resulted in multiple mice with durable complete regressions sustained
for 10 to 70 days.

IHC evaluation of human IgG, to detect the antibody component of
the ADC, in H1975 tumors 48 hours after a single dose of EDB-ADC,
demonstrated that EDB-ADC had widespread distribution through-

out the tumor stroma, similar to the expression of EDBþFN (Figs. 2A
and 3). Minimal human IgGwas observed in tumors treated with Neg-
ADC (Fig. 3). Similarly, staining for the ADC payload auristatin
showed robust distribution throughout the tumor stroma and ECM
in tumors treated with EDB-ADC (Fig. 3). Tumors treated with EDB-
ADC or Neg-ADC were stained for phospho-histone H3, a marker of
mitotic arrest and a pharmacodynamic biomarker of ADC efficacy.
Tumors treated with Neg-ADC or EDB-ADC both were positive for
phospho-histone H3; however, tumors treated with EDB-ADC had
widespread staining of phospho-histoneH3þ tumor cells nested within
the stromal and ECM pockets where the ADC and payload auristatin
were localized (Fig. 3), consistent with the greater TGI observed with
EDB-ADC compared with Neg-ADC or vehicle control (Fig. 2B).

In the NSCLC PDX-NSX-11122 model, treatment with EDB-ADC
at 1 and 3mg/kg resulted in dose-dependent TGI (Fig. 2B), with a 18%
and 95% decrease in MTV from staging with the 1 and 3 mg/kg dose
levels, respectively. TGI for each group was statistically different
compared with vehicle treated mice on the last day vehicle treated
mice were on study (study day 32 ANOVA, P < 0.0001). Eight of 10
mice in the EDB-ADC 3 mg/kg group had complete regressions
sustained for 22 to 63 days. Treatment with Neg-ADC did not
result in a decrease in MTV in any mice. Treatment of the pancreatic
PDX-PAX-13565 model with the EDB-ADC at 3 mg/kg resulted in
tumor regressions in 7 of 10 mice. TGI was statistically different
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Figure 2.

EDB-ADC eliminates tumors in vivo in multiple tumor models.A, EDBþFN protein expression by IHC in H1975 CLX, NSCLC PDX, and pancreatic PDXmodels showing
widespread ECM and stromal reactivity mirroring expression in human tumors. B, EDB-ADC induces TGI and complete tumor regressions in H1975 CLX, NSCLC PDX,
and pancreatic PDX models in vivo. Mice bearing indicated human tumors were treated q4dx4 with EDB-ADC or controls at indicated dose levels on Days 0, 4, 8, 12
after tumors reached an average staging volume.
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compared with vehicle treated mice up to last day the vehicle treated
micewere on study (study day 7 to 14ANOVA,P< 0.0001). EDB-ADC
at 3 mg/kg resulted in 1 of 10 mice with complete regressions.
Treatment with Neg-ADC did not result in a decrease in MTV in
any mice. Together, we demonstrate that a tumor ECM targeted ADC
can result in robust TGImediated through tumor cell killing likely due
to a bystander effect of the cell permeable payload.

EDB-ADC is efficacious in syngeneic mouse tumor model and
induces PD-L1 expression and T cell infiltration

EDBþFN was strongly expressed in the syngeneic breast tumor
model EMT6 by IHC (Fig. 4A). Treatment of EMT6 tumors with a
single 9mg/kg dose of rcEDB-ADC resulted in complete elimination of
tumors in all mice. Treatment with 4.5 mg/kg every 4 days twice
resulted in elimination of tumors in 7 of 10 mice. Treatment with
3 mg/kg every 4 days three times resulted in TGI and no measurable
tumor in 2 mice. Treatment with 1.5 mg/kg every 4 days three times
was not statistically different from the vehicle control group (Fig. 4B).
IHC evaluation of EMT-6 tumors harvested at 48 hours after the
second dose of EDB-ADC at 3 mg/kg demonstrated that the tumors
treated with EDB-ADC had marked phenotypic alterations of the
neoplastic cells. The tumors often had evidence of tumor lysis with a
central cavity filled with degenerate dissociated tumor cells and there
wasmarked diffuse immune cell infiltration ofmainly lymphocytes but
also macrophages with fewer neutrophils (Fig. 4C). Although vehicle

treated EMT6 tumors hadmoderate expression of PD-L1 with modest
infiltration of CD3þ T cells, treatment with EDB-ADC significantly
increased the expression of PD-L1, both on tumor cells and also on
infiltrating macrophages, and increased CD3þ T cells throughout the
tumor (Fig. 4C, quantified in Supplementary Fig. S4).

EDB-ADC combines with immunotherapy in syngeneic mouse
tumor model

The increased T cell infiltration and upregulation of PD-L1 led us
to hypothesize that a combination of EDC-ADC and a checkpoint
inhibitor may result in greater TGI at a lower dose of EDB-ADC
(Fig. 5). Anti-PD-L1 (10 mg/kg dosed i.v. every 3 days three times)
resulted in TGI in 2 mice with complete responses that were sustained
for 19 days. EDB-ADC 3 mg/kg showed TGI in 9 of 10 mice and
complete responses in 6 of 10 mice. Combination of EDB-ADC at
3 mg/kg and anti-PD-L1 resulted complete responses in 9 of 10 mice
(Fig. 5A). To further examine the potential benefit of EDB-ADC plus
checkpoint inhibitor therapy on tumor growth, tumor measurements
were evaluated as time for the tumor to increase volume 3-fold from
staging size (Fig. 5B). Although, anti-PD-L1 had similar median
survival compared to vehicle (3.9 days vs. 4.1 days), treatment with
EDB-ADC resulted in four tumors with >3-fold increase in tumor
volume consistentwith previous data showing a suboptimal TGI at this
dose. However, EDB-ADC combined with anti-PD-L1 resulted in a
single tumor >3-fold from staging volume and was statistically dif-
ferent from both PBS and anti-PD-L1 (log-rank Mantel–Cox P <
0.0001). These data demonstrate that combining a stromal or ECM
targeting ADC with a checkpoint inhibitor results in effective and
durable tumor growth regressions.

To interrogate the advantage of a combination of EDB-ADC with a
checkpoint inhibitor, we rechallenged mice that had complete regres-
sions with EMT6 and then assessed the duration for the tumors to
regrow (Fig. 5C). Mice previously treated with rcEDB-ADC were
largely susceptible to tumor challenge [1/6 (17%) remained tumor
free]; however, when rcEDB-ADC was combined with anti-PD-L1 5/7
(71%) mice remained tumor free (Fig. 5C)—a difference that was
statistically significant (P < 0.05). These data suggest that there is the
added potential for long lasting antitumor immunity when EDB-ADC
is combined with a checkpoint inhibitor.

EDB-ADC has a well-tolerated safety profile
As there is 100% protein sequence homology between human and

monkey EDB domain (Supplementary Table S4), the cynomolgus
monkey is a pharmacologically relevant nonclinical species for toxicity
evaluation of EDB-ADC. In addition, L19 antibody demonstrated
similar binding affinity to human and monkey EDB in Biacore assay
(Supplementary Table S5), and EDBþFN is expressed with a similar
pattern of distribution in human and cynomolgous monkey tissues
(Fig. 1B–G; Supplementary Fig. S5).

EDB-ADC was well tolerated in monkeys up to doses of 12 mg/kg
with no indication of target-dependent toxicities in EDBþFN expres-
sing tissues and organs. Therewere no changes in the general condition
of the animals. Clinically relevant toxicities included transient and
reversible myelosuppression with associated hematologic changes
(marked neutropenia at 12 mg/kg) and corneal findings (minimal to
mild increased mitoses/single cell necrosis of epithelial cells with
pigment deposition at 12 mg/kg). Additional findings of lesser tox-
icologic concern included minimally increased mitoses/single cell
necrosis of sinusoidal cells in the liver at ≥6 mg/kg. The highest
nonseverely toxic dose (HNSTD) of EDB-ADC was considered to be
≥12 mg/kg in the conditions of this study. In general, EDB-ADC-
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Figure 3.

EDB-ADC localizes to the tumormicroenvironment and inducesmitotic arrest in
tumor cells. Pharmacodynamic IHC to interrogate mechanism of action of EDB-
ADC in H1975 tumors 48 hours after a single 3 mg/kg ADC dose, demonstrating
ADC distribution (top row as visualized by human IgG antibody IHC) and
auristatin payload distribution (middle row, anti-auristatin IHC) in the tumor
stromal/ECM compartment, and downstream increase in phospho-histone H3
(pHH3) expression (bottom row). Micron bar ¼ 300 mm.
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related findings were consistent with target-independent or off-target
effects and were similar, though seen here at higher doses, to the
toxicity profile reported with other ADCs containing a proteolytically-
cleavable linker and MTI payloads. Concentration–time profiles
for the ADC and total Ab were similar in all animals as shown
by the systemic exposure ratio (ADC/Ab) of approximately 84%
(6 mg/kg) and 98% (12 mg/kg), indicative of a stable conjugation
process (Table 2; Supplementary Fig. S6). In general, the systemic
clearance was 0.41 � 0.06 mL/h/kg and steady-state volume of
distribution was 73.1 � 7.3 mL/kg. Positive anti-drug antibodies
(ADA) titers were observed in one of four animals in this study.

In conclusion, EDB-ADC was well tolerated in monkeys without
indication of target-dependent toxicities. Importantly, the off-target
toxicities, often seen with proteolytically cleavable linkers and MTI
payloads (such as bone marrow toxicity and corneal toxicity),
appeared to be alleviated by the site-specific conjugation of EDB-ADC.

EDB-ADC has an improved therapeutic index as compared with
conventionally conjugated ADC

Therapeutic index (TI) is an index of efficacy used to benchmark
and/or compare ADCs. In this case, TI was calculated on the basis of
ratio of the average ADC blood concentration (Cavg) at the HNSTD

dose in a safety model (cynomolgus monkey) divided by the tumor
static concentration (TSC) in an animal model of disease (xenograft
human tumor models). A summary of mouse and human pharma-
cokinetic parameters are shown inTable 1. The TI value of EDB-ADC
ranged from 4 to 16, depending on which xenograft model was used
for the calculation (Supplementary Table S6). This range of TI values
(4–16) was higher at the HNSTD of ≥12 mg/kg as compared with the
range 2 to 4.9 for a conventionally conjugated EDB-ADC at the
monkey HNSTD of ≥5 mg/kg (Supplementary Table S6). Taken
together, these data suggest that by using site-specific conjugation the
safety margin of an EDB-ADC can be increased due to improved
linker-payload stability and reduced myelosuppression without any
detriment to antitumor efficacy, thereby giving the potential for amore
potent yet better tolerated drug and ultimately an improved TI.

Discussion
We report that EDBþFN is a widely expressed tumor-enriched

target for delivery of cytotoxic agents to the extracellular tumor
microenvironment with a broad potential for clinical impact.
EDBþFN is highly prevalent in multiple tumors, within and across
cancer types with high unmet medical need and is restricted in normal
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tissues. EDBþFN was distributed in the tumor ECM surrounding the
tumor parenchyma in all animal models of cancer that were tested and
in 100% of human tumors across indications. EDBþFN was at high or
moderate levels in the majority of tumors, while restricted in normal
tissue, emphasizing the favorable T:N ratio for tumor targeting with an
ADC. It is conceivable that because EDBþFN is ECM localized, it may

“bathe” the cells comprising the tumor parenchyma, providing access
to previously difficult-to-target cells.

EDBþFN, a non-internalizing ECM target, affords opportunities
for intentional therapeutic design to optimize safety and efficacy.
Contrary to the assumption that the mechanism of ADCs relies on
ADC internalization and intracellular release of the payload, there is
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growing evidence that non-internalizing ADCs can demonstrate
antitumor efficacy (22), elegantly demonstrated by the work of Neri
and colleagues showing the preclinical efficacy of non-internalizing
ADCs targeting the ECM targets EDAþFN and Tenascin
C (16, 22–24). We hypothesized using an ADC to target EDBþFN
would result in the extracellular release of the cytotoxic payload,
resulting in bystander killing of tumor cells—mechanistically distinct
from other clinical stage ADCs, which target membrane internalizing
proteins. Herewith, we describe the first non-internalizing ADC
targeted against EDBþFN for which the therapeutic profile was
optimized via bioengineering based on biological features of the target
and tumor microenvironment in categories such as antibody avidity
versus affinity, linker selection for extracellular release, payload selec-
tion for proliferating cells, and site-specific conjugation for stability.

Although standard practice is often to select mAb candidates with
low nmol/L affinity for their target, these high-affinity antibodies may
result in off-tissue on-target binding and potential for toxicity. To
avoid this pitfall and capitalize on the T:N ratio of EDBþFN, we
selected an antibody for the EDB-ADC that is of moderate affinity but
demonstrates high avidity. The anti-EDBþFN antibody binds to
EDBþFN in an avidity driven manner, and antibody binding is
enhanced in the presence of higher concentrations of target. On the
basis of these data, we propose a model that high enrichment of
EDBþFN in the tumor microenvironment compared with normal
tissue allows for avidity-driven binding, preferentially in the TME,
thereby in effect widening the T:N differential.

EDBþFN is expressed at the invasive, high remodeling regions of a
tumor where extracellular proteases (such as cathepsins) involved in
invasion and tumor remodeling are enriched. On the other hand,
healthy homeostatic quiescent normal tissues do not have large
reservoirs of proteases in the extracellular tissue microenvironment.
Therefore, by utilization of the ValCit linker, which requires proteo-
lytic cleavage for release of the payload and resulting cytotoxic activity,
we capitalized on enriched expression of EDBþFN at sites of tumor
remodeling, simultaneously high in protease activity, to further bias
the activity of the ADC towards the tumor. We propose this is a self-
amplifying cyclical mechanism—when cells die there is release of
additional proteases into the TME, resulting in cleavage of the linker,
releasing more payload, and subsequent further cell killing. In addi-
tion, we selected a potent antimitotic MTI auristatin Aur0101 as the
cytotoxic payload for EDB-ADC. Aur0101 results in cell-cycle arrest
and apoptosis of target cells, mechanistically limiting the cytotoxic
activity to those cells which are actively dividing (14, 15), thereby

deliberately biasing ADC activity to proliferating tumor cells as
opposed to those non-proliferative cells within the normal tissues.

The success of ADCs in the clinic has been hindered by the inability
to “dose up” to reach greater plasma exposure permitting maximal
antitumor effects due to off-target ADC activity as a consequence of
off-tissue release of the payload, resulting in dose-limiting toxicities as
have been seen with MTI ADCs such as neutropenia (25). Although
ADCs using Aur0101 as a payload have progressed into the clinic (26),
because conventional conjugation methodologies were employed this
left the potential to be capped by the highest dose that can be safely
administered. To address this potential liability, we used site-specific
conjugation of the MTI to cysteine K183C and K290C residues.
Importantly, there was no significant toxicity observed with the
EDB-ADC in nonhuman primates, whereas the in vivo efficacy studies
in preclinical experimental tumor models of human cancer demon-
strated that the site-specific EDB-ADC retains activity in a dose- and
antibody-dependent fashion. Site-specific conjugation of EDB-ADC
increased the safety margin as an effect of improved linker-payload
stability, leading to a reduction in off-targetmyelosuppression without
any detriment to antitumor efficacy. Utilizing a site-specific conjugate
against a target with restricted normal tissue expression such as
EDBþFN leads us to anticipate being able to dose higher in humans
providing greater potential for antitumor efficacy. As the TI was
improved with the site-specific EDB-ADC as compared with the
conventionally conjugated ADC, it is reasonable to hypothesize that
in clinical studies an increased plasma exposure may be attainable due
to the unique combination of the site-specific ADC and the highly
tumor selective ECM antigen as the target.

Taken together, by maximizing features of the EDB-ADC through
bioengineering and molecular design focused on the ECM target,
optimized affinity/avidity, linker and payload selection, and site-
specific technology, we developed an ADC with the potential for
widespread clinical utility across human cancers along with an
improved TI and potential for diverse mechanisms of action as
compared with currently available ADCs. On the basis of the data
presented herein, the mechanisms of antitumor efficacy with EDB-
ADC may include cell death/cell-cycle arrest of tumor cells
and immunomodulation. Indeed, we showed that EDB-ADC enabled
checkpoint blockade as the combination of EDB-ADC and anti-PD-L1
resulted in long-lived tumor regressions. Additional mechanisms such
as death or modulation of fibroblastic stromal cells, de-regulated
angiogenesis or cytotoxic vascular targeting/collapse, vascular nor-
malization, induction of cellular differentiation, and/or impediment of
the epithelial-to-mesenchymal transition remain plausible but need
further study. In addition, as splice variants of FN1 have been
published to be increased in patients who have received prior che-
motherapy, and splice variants of FN1 are reported to be involved in
chemo- and radio-resistance (27, 28), further investigations can be
pursued to combine EDB-ADC with standards of care (SOC) such as
chemotherapy and radiotherapy either through sequential or simul-
taneous administration.

The studies presented herein demonstrate potent, tumor selective
cytotoxicity with a well-tolerated safety profile using a cytotoxic ADC
targeting EDBþFN, warranting further investigation of EDB-ADC in
the clinic. Our data definitively support the concept of safe and
efficacious targeting ADCs to non-internalizing antigens, such as
extracellularmatrix and stromal proteins, thereby expanding the scope
of antigens that can be targeted using thismodality for the treatment of
cancer. Although this work highlights the successful delivery of
cytotoxic payloads to the TME by targeting EDBþFN, the concept
of a non-internalizing ADC could potentially be extended to deliver a

Table 1. Summary of EDB-ADC single-dose pharmacokinetics in
mouse and nonhuman primate (NHP, Cynomolgus Monkey).

Model
Dose
(mg/kg) Analyte

Cmax

(mg/mL)

AUC0-tau

(mg�h/
mL)

Terminal
t1/2 (day)

ADC/
Ab (%)

Mouse 3 Ab 59.6 3,820 4.0 90
ADC 62.4 3,450 3.4

NHP 6 Ab 159 ,16250 6.6 84
ADC 148 13,700 5.9
Payload 0.00012 0.034 NA NA

12 Ab 258 24,800 6.1 98
ADC 268 24,450 5.8
Payload 0.00046 0.096 NA NA

Note: Mouse tau ¼ 336 hours; NHP tau ¼ 504 hours.
Abbreviations: Ab, antibody; NA, not applicable.
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variety of other payloads, such as immunomodulators that reprogram
the tumor stroma and immune repertoire to enhance therapeutic
responses in patients.
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