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Abstract: Triple negative breast cancer (TNBC] is a heterogenous subtype of breast cancer
often associated with an aggressive phenotype and poor prognosis. Antibody-drug conjugate
(ADC]), comprising of a monoclonal antibody linked to a cytotoxic payload by a linker, is
gaining increasing traction as an anti-cancer therapeutic. Emerging ADC drugs such as
sacituzumab govitecan (IMMU-132]) and trastuzumab deruxtecan (DS-8201a) are in late
stages of clinical development for patients with metastatic breast cancer, including TNBC.
In this article, we review and discuss the development and clinical application of ADCs in

patients with advanced TNBC.
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Introduction

Triple negative breast cancer (IINBC) is a heter-
ogeneous tumor subtype conventionally defined
by the absence of expression of the estrogen
receptor (ER), progesterone receptor (PgR), and
human epidermal growth factor receptor 2
(HER?2) amplification, and accounts for approxi-
mately 15-20% of all breast carcinomas.
Clinically, TNBC is often an aggressive tumor
subtype associated with an earlier age of onset,
higher rate of relapse, and a relatively short survival
of 10-13months from the time of metastasis.!
TNBC is often the most challenging subtype of
breast cancer to treat for various clinical and bio-
logical reasons. Aside from germline BRCAI1/2
deficiency, which now has an approved targeted
therapy, PARP inhibition, and programmed cell
death ligand 1 (PD-L1)-positive tumors, for
which immunotherapy with a PD-L1 inhibitor is
now approved, attempts to identify biomarkers
that can help guide treatment decisions with tar-
geted therapies have yet to improve the outcomes
of patients with metastatic TNBC, and cyto-
toxic chemotherapy remains the mainstay of
treatment. Although recent efforts to character-
ize TNBC tumors based on the profiling of its
transcriptome, proteome, genome, epigenome,
and immunological microenvironment are help-
ing to increase understanding of the molecular

heterogeneity of TNBC,! the development of
novel treatment strategies is an area of unmet
clinical need. As a first-line treatment for patients
with PD-L1-positive metastatic TNBC, the PD-1.1
inhibitor, atezolizumab plus nab-paclitaxel, showed
a survival benefit compared with nab-paclitaxel
alone [progression-free survival (PFS); 7.5 months
versus 5.0months, hazard ratio (HR), 0.62;
$<<0.001; overall survival (OS) from 25.0 months
and 15.5months, HR 0.62; p<0.001].2 However,
not all patients may benefit from immune check-
point blockade, as only about 40% of triple-
negative tumors are PD-L1 positive, and the
tumor will ultimately become resistant to first-
line therapy, necessitating the development of
additional beneficial targeted therapies.

Antibody-drug conjugates (ADC) are immuno-
conjugate agents engineered to deliver potent
small molecules preferentially to cancer cells.
This novel approach combines the specificity of a
monoclonal antibody (mAb) with the high
potency of small molecules and has the potential
to improve cancer treatment. This category of
drug is one of the fastest growing classes of cancer
therapeutics in the past few decades. The clinical
application of ADCs utilizes mAbs, which were
first described in 1975.3> The “magic bullet” con-
cept, described by Paul Ehrlich, originally referred
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to a chemical that specifically targeted microor-
ganisms.* The mAb-based strategy was developed
as a biological tool for a cancer therapeutic that
specifically targets cancer cells while minimizing
toxicity to normal tissues. As the first generation
of ADC, gemtuzumab ozogamicin, which is an
anti-CD33 mAb conjugated with the potent
DNA-targeting antibiotic calicheamicin, was
given accelerated approval by the US Food and
Drug Administration (FDA) for the treatment of
patients with acute myeloid leukemia (AML) in
2000.%% However, the drug was voluntarily with-
drawn from the US market in 2010 due to its fail-
ure to demonstrate improved survival, and with
more fatal toxicity in a required post-approval
study. Reasons for failure may include off-target
toxicity due to its unstable linker and the hetero-
geneous mixture of drugs comprising 1-8 cali-
cheamicin moieties per IgG molecule and 50%
unconjugated antibody,%’ which competes with
the ADC for cancer cell internalization. In
September 2017, the low-fractionated dose of
gemtuzumab ozogamicin with chemotherapy for
CD33-positive refractory AML gained approval
by the FDA.8 This unusual story of the first ADC
was an insightful example of how successful drug
development of ADCs depends critically on the
suitable engineering of the ADC components as
well as adequate selection of the antigen to gener-
ate efficacy while minimizing toxicity of the drug.

Despite the advancement of development and
engineering of ADCs, the majority of ADCs uti-
lize payload from only a few categories of cyto-
toxic agents: antimitotic agents, microtubule
inhibitor, antitumor antibiotics, and DNA dam-
aging agents. The largest group of ADCs in clini-
cal trials use antimitotic monomethyl auristatin E
(MMAE) and MMAF, based on their high
potency, water solubility, and stability under
physiological conditions. The second largest class
of payload of ADCs in clinical trials is microtu-
bule inhibiting maytansinoids (DM1 and DM4),
which have excellent stability and acceptable
water solubility. Calicheamicin is a highly potent
antibiotic that binds to the minor groove of DNA
and creates double-stranded DNA breaks.
Camptothecin analogues such as SN-38 and
exatecan mesylate are potent DNA-damaging
agents that exhibit topoisomerasel inhibitory
activity.? So far, the criteria for suitable payload
include high level of potency, hydrophilicity, a lack
of susceptibility to multidrug resistance protein 1
(MDR1), making it challenging to identify the
suitable payload; thus, there is no gold-standard

payload for TNBC. With improvements in pay-
load application and conjugation chemistry, sec-
ond generation ADCs, such as brentuximab
vedotin for Hodgkin’s lymphoma and anaplastic
large-cell lymphoma,!%!! and trastuzumab emtan-
sine (T-DM1) for HER2-positive breast cancer,!?
have been approved. Most recently, in June 2019,
polatuzumab vedotin-piiq, a CD79b-directed ADC
carrying MMAE by protease-cleavable peptide
linker in combination with bendamustine plus
rituximab was approved for the indication of
relapsed diffuse large B-cell lymphoma. As a result
of these efforts to improve the therapeutic index of
the drug by maximizing tolerated dose and mini-
mizing effective dose, novel ADCs are emerging in
clinical development for patients with TNBC.
Here, we will review and discuss the clinical appli-
cation and development of ADCs for patients with
TNBC.

Mechanism of action of ADCs

ADCs are composed of three well-defined compo-
nents: an antibody directed to a tumor antigen, a
highly potent cytotoxic payload, and a linker
between the former two components. The most
appealing mechanism of ADC:s is a selective deliv-
ery of the drug to a cancer cell. The drug is admin-
istered intravenously to avoid the degradation by
gastric acid within the gastrointestinal tract, finds
and binds to the target antigens, following which
the drug—antigen complex undergoes internaliza-
tion with the cell via receptor-mediated endocyto-
sis. This process results in the formation of an
early endosome; an influx of proton ions into the
endosome creates an acidic environment. The late
endosome fuses with the cell lysosome, which
contains proteases and undergoes lysosomal deg-
radation. The cleavage of the linker due to acidic
pH or the presence of protease in the lysosome
allows the release of payloads into cytoplasm and
the payloads to take effect.

As this is a multi-step mechanism of action involv-
ing cancer cells, ADC molecules, and the micro-
environment, various factors are implicated in
influencing the outcome of ADC treatment
(Figure 1). Firstly, optimal antigen selection is
critical. Target antigens should ideally have a rel-
atively high expression in tumors, with little or no
expression in normal tissues, but be present on
the cell surface for the drug to access and be an
internalizing antigen so that the ADC is trans-
ported into the cancer cell via receptor-mediated
endocytosis. The degree of surface antigen
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Figure 1. Factors implicated in influencing the impact of ADCs. For efficient selective drug delivery, the
antibody must have high binding affinity to the target antigen and the payload conjugation should not alter

the pharmacokinetics. As host factors, the expression of target antigen should ideally be abundant on cancer
cells but not on normal tissues. Upon receptor-mediated endocytosis, a fraction of the ADCs binds to FcRns

in endosomes and are recycled back outside the cell. If the payload has high permeability, it may induce
bystander killing effects. Extracellular mechanisms of action, such as antibody-dependent cellular cytotoxicity
or complement dependent cytotoxicity, are potential additional mechanisms that could impact efficacy.

ADC, antibody-drug conjugate.

expression is not always predictive of response to
ADC:s since slow internalization kinetics or ineffi-
cient trafficking may influence overall drug efficacy.
Secondly, the payload is ideally nonsusceptible to
multidrug resistance protein, to avoid efflux of
the drug. Thirdly, linker optimization is also a key
feature; linkers must be stable while the ADC is
in circulation to avoid off-target toxicity, but be
capable of releasing the drug once inside cancer
cells.

In addition to direct cytotoxicity, there are other
mechanisms by which ADCs can exert anti-tumor
effects. ADCs can induce antibody-dependent
cellular cytotoxicity (ADCC), whereby natural
killer (NK) cells recognize and kill antibody-
coated cancer cells by activating cascades of
apoptosis-inducing cytotoxic granules such as
perforin and granzyme.!> Apart from selective
drug delivery, bystander killing effects have been
reported with some ADCs, in which free drugs,
such as those released nonspecifically from conju-
gates or released by apoptotic cells, cross the
plasma membrane and Kkill neighboring cells

regardless of the presence or absence of antigen
presentation. 1415 In addition, cytotoxic mecha-
nisms of action such as ADCC and complement-
dependent cytotoxicity (CDC) may be triggered
by ADCs. For example, trastuzumab emtansine
binds to FcyRIII on immune effector cells and
mediates ADCC by activating cytotoxic granules
such as perforin and granzyme.1©

ADCs for metastatic TNBC

The clinical development of ADCs and the com-
position of the various drugs in development are
summarized in Tables 1 and 2.

Sacituzumab govitecan

Mechanism of action. Sacituzumab govitecan is
an anti-trophoblast cell-surface antigen (Trop-2)
antibody conjugated with a potent DNA damag-
ing agent, SN-38, by a pH-sensitive cleavable
linker. Trop-2 is a Ca?™" signal transducer that was
initially identified as a transmembrane glycopro-
tein in a trophoblast cell.l7:18 Functionally, it is
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Table 2. Discontinued antibody-drug conjugates for patients with metastatic breast cancer.

Drug Target Antibody Linker-payload DAR Patient cohort Main reason for
discontinuation
PF-06664178 Trop-2  RN926 AcLys-VCAur0101 2 BC, NSCLC, Toxicity
ovarian cancer
Trastuzumab HER2 Anti-HER2  Cathepsin 1.7 BC, NSCLC, Narrow therapeutic index
tesirine conjugate 1gG1 B-cleavable bladder cancer,
(ADCT-502) valine-alanine gastroesophageal
PBD cancer
XMT-1522 HER2 HT-19 Dolaflexin, 12 BC, NSCLC, Company’s decision due to
AF-HPA gastric cancer the competitive environment
for HER2-targeted therapies
Glembatumumab gpNMB  CRO11 vc-MMAE 2.7 BC No significant advantage of

vedotin (CDX-011)

response and survival for

CDX-011

AF-HPA, auristatin F-hydroxypropylamide; BC, breast cancer; DAR, drug antibody ratio; HER2, human epidermal growth factor receptor 2;
MMAE, monomethyl auristatin E; NSCLC, non-small cell lung cancer; PBD, pyrrolobenzodiazepines; VC, valine-citrulline.

associated with cell migration and anchorage-
independent growth; elevated expression of
Trop-2 in breast cancer is correlated with poor
prognosis.!® It is highly expressed in many epithe-
lial cancers such as breast, colorectal, pancreatic,
lung, esophageal, and ovarian cancers, with lower
expression in certain normal tissues,20-22 and is
expressed in 90% of TNBC tumors.?*> SN-38, the
payload of the drug, is an active metabolite of iri-
notecan, which binds reversibly to the topoisom-
erase 1 cleavage complex on DNA and slows
down DNA replication by interfacial inhibiting
mechanism, which causes S-phase-specific cell
death.?* Although SN-38 is moderately toxic,
with an IC50 in the nanomolar range, the average
drug-to-antibody ratio (DAR) of 7.6 makes it
possible to reach a sufficient drug concentration
in cancer cells.?> Sacituzumab govitecan delivers
SN-38 in its most active, non-glucuronidated
form, which may explain the lower frequency of
severe diarrhea than with irinotecan. In a preclini-
cal study, sacituzumab govitecan, as well as
SN-38, mediated pro-apoptotic signals such as
upregulation of p21WAF1/Cipl gnd cleavage of pro-
caspase-3 and PARP in breast cancer cell lines,
and demonstrated higher antitumor activity in a
xenograft mouse model compared with
irinotecan.?>

Clinical results. In a single-arm phasel/II study,
108 patients with metastatic TNBC who had
received at least two prior therapies were
enrolled.?3:26 Patients received 10 mg/kg of sacitu-
zumab govitecan on days 1 and 8 in a 21-day

cycle until disease progression or unacceptable
toxicity occurred. The majority of patients had
received prior treatment with anthracycline, tax-
ane, and platinum chemotherapy, with a median
of three prior therapies. The objective response
rate (ORR) was 33.3% (95% CI 24.6-43.1%),
the median PFS was 5.5months (95% CI 4.1-
6.3 months), and median OS was 13.0months
(95% CI 11.2-13.7months). Notably, patients
appeared to benefit from the drug regardless of
age, number of previous treatments, or receipt of
a prior immune checkpoint inhibitor, although
the sample size of these subgroups were too small
to draw statistically significant conclusions. These
results compared quite favorably with prior stud-
ies of therapies for pretreated mTNBC, which
typically show response rates around 12% and
PFS less than 3 months.26

In the patients treated with sacituzumab govite-
can, grade 3 or 4 adverse events (AEs) included
neutropenia (42%), anemia (11%), hypophos-
phatemia (9%), diarrhea (8%), and fatigue and
asthenia (8%). Based on the clinical activity dem-
onstrated in this phasel/II trial, sacituzumab
govitectan received a breakthrough therapy desig-
nation for the treatment of metastatic TNBC in
February 2016. Final drug approval by the FDA
is currently pending due to chemistry and manu-
facturing issues.

To verify the findings seen in the initial early phase
study, the international, open-label, randomized,
confirmatory phase III ASCENT trial is currently
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ongoing. This trial is enrolling 488 patients with
refractory or metastatic TNBC who received at
least two prior chemotherapies in the metastatic
setting including a taxane. Patients are assigned to
treatment with either sacituzumab govitecan or to
physician’s choice of single-agent chemotherapy
(eribulin, capecitabine, gemcitabine, or vinorel-
bine). The primary outcome measure is PFS and
secondary outcome measures are OS, ORR, dura-
tion of response, and time to onset of response
[ClinicalTrials.gov identifier: NCT02574455].

Ladiratuzumab vedotin (SGN-LIV1a)

Mechanism of action. Ladiratuzumab vedotin is a
humanized antibody targeting the zinc trans-
porter LIV-1 conjugated with a potent microtu-
bule-disrupting agent, monomethyl auristatin E
(MMAE) by a proteolytically cleavable linker.
LIV-1 is a multi-span transmembrane protein
with putative zinc transporter and metallopro-
teinase activity expressed in 68% of metastatic
TNBC tumors.?” LIV-1 is expressed frequently in
breast, prostate, and melanoma, but less in ovar-
ian, uterine, and lung cancers. Expression of
LIV-1 was initially identified in primary estrogen
receptor-positive breast cancer, found to be main-
tained after endocrine therapy in metastatic sites,
and is also upregulated in TNBC.28 Expression of
LIV-1 is reported to be associated with lymph
node metastasis and metastatic progression by
promoting epithelial-mesenchymal transition
(EMT) through downregulation of E-cadherin
via interaction with signal transducer and activa-
tor of transcription3 (STAT3) and Snail.2° The
payload, MMAE, is a synthetic analogue of dolas-
tatin 10, which is a natural antimitotic drug
extracted from the sea hare Dolabella auricularia
and causes G2/M phase cell cycle arrest by inter-
fering with the polymerization of microtubules
upon binding to the B-subunit of tubulin dimers.
The drug is highly potent (free drug IC50: 10-1°M)
in cell lines, water soluble, and stable under physi-
ological conditions, and therefore is preferred as
an ADC payload. In a preclinical study, ladiratu-
zumab vedotin was shown to bind to the target
antigen, internalize over a 24-h period, traffic to
the lysosome, release the payload by proteolysis,
and mediate the disruption of microtubules. Also,
the antitumor activity of ladiratuzumab vedotin
was demonstrated in breast cancer and cervical
cancer xenograft models.28

Clinical results. The ongoing phasel study has been
evaluating the safety, tolerability, pharmacokinetics,

and antitumor activity of ladiratuzumab vedotin in
patients with LIV1-positive advanced or meta-
static breast cancer [ClinicalTrials.gov identifier:
NCT01969643]. At completion of dose escala-
tion, expansion cohorts were opened to further
evaluate safety and antitumor activity of mono-
therapy in TNBC patients at 2.0mg/kg and
2.5mg/kg dosing every 3weeks. Among the 44
patients with TNBC in the combined dose escala-
tion and expansion cohorts, the ORR was 32%
and the median PFS was 11.3weeks (95% CI
6.1-17.1 weeks). In the entire cohort, grade 3 and
4 AEs included neutropenia (25%) and anemia
(15%). These interim results of the phasel study
showed encouraging antitumor activity and toler-
ability of ladiratuzumab vedotin. Enrollment is
ongoing in the triple negative monotherapy
expansion cohort.30 Other clinical trials are evalu-
ating the efficacy and safety of ladiratuzumab
vedotin as monotherapy in I-SPY 2 trial [Clini-
calTrials.gov identifier: NCT0102379], and in
combination with either pembrolizumab3! [Clini-
calTrials.gov identifier: NCTO03310957] or
atezolizumab32  [ClinicalTrials.gov  identifier:
NCT03424005].

Trastuzumab deruxtecan (DS-8201a)

Mechanism of action. Trastuzumab deruxtecan
is a humanized antibody against HER2 conju-
gated with a topoisomerase I inhibitor, extecan
derivative (DX-8951 derivative, DXd) by a
cleavable peptide-based linker. HER2 is a mem-
ber of the epidermal growth factor receptor
(EGFR) family of receptor tyrosine kinases and
is overexpressed in a broad spectrum of cancers,
such as bladder, breast, cervical, cholangiocarci-
noma, colorectal, endometrial, esophageal, gas-
tric, and lung. Overall, amplification and/or
overexpression of HER2 occurs in 15-20% of
breast cancer tumors, and is associated with poor
prognosis due to its promotion of cell prolifera-
tion, adhesion, migration, and apoptosis.33:34
DXd was demonstrated to be approximately 10
times more potent than SN-38 as evidenced by
the DNA relaxation assay.3> Trastuzumab derux-
tecan has a relatively higher DAR of 7-8, and
releases the payload in the presence of lysosomal
enzyme such as cathepsin B.3° In vitro, trastu-
zumab deruxtecan induced ADCC and inhibited
phosphorylated Akt as well as phosphorylation of
Chkl1 and Histone H2A.X, implying that the drug
is capable of inducing HER2-specific cell growth
inhibition and DNA damage and apoptosis via
delivery of the payload in HER2-positive cancer
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cell lines. In vivo, growth inhibition of both high
and low HER2-expressing tumors in patient-
derived xenograft models as opposed to less inhi-
bition by low-DAR ADC control drug were
observed, suggesting its efficient delivery of pay-
load with higher DAR were effective even in low
HER2-expressing tumors.?> Moreover, trastu-
zumab deruxtecan demonstrated a bystander kill-
ing effect with antitumor activity in both
HER2-positive and HER2-negative tumors only
when they were neighboring, likely due to the
high permeability of the payload.!>

Clinical results. In a dose escalation study,
patients with breast or gastric or gastro-esopha-
geal carcinoma refractory to standard therapy
regardless of HER2 status were enrolled. Among
24 patients in the entire cohort, 8 had low-HER2
expressing tumors, which were defined to be
either IHC 1+ and IHC 2+/ISH-. Although the
greatest response to the drug was observed in
HER2 IHC 3+ patients, two responders had low-
HER?2 expressing tumors, suggesting that trastu-
zumab deruxtecan might offer activity even in
patients with low-HER2 expression. This ongo-
ing, open-label, multicenter phase III study [Clin-
icalTrials.gov identifier: NCT03734029] is
recruiting patients with HER2-low, unresectable
and/or metastatic breast cancer. Approximately
540 patients will be randomized in a 2 to 1 ratio
to trastuzumab deruxtecan (5.4mg/kg every
3weeks) wversus physician’s choice of chemother-
apy and PFS, OS, ORR, duration of response,
and safety will be evaluated.3”

AVID100

Mechanism of action. AVID100 is an anti-EGFR
ADC that targets both wild-type and mutant
forms of EGFR and is conjugated with DMI1
(derivative of maytansine). EGFR is highly
expressed in many epithelial cancers such as lung,
breast, and head and neck cancer, making it a
promising target antigen for cancer therapeutics.
Among patients with TNBC, 20% highly overex-
press EGFR. However, due to EGFR expression
in normal skin cells, on-target and off-target tox-
icity has been a major concern. The antibody
moiety of AVID100, MAB100, exhibits antago-
nist activity in the EGFR signaling pathway by
competing with EGFR for binding. Although
AVID100 demonstrated cytotoxicity in breast,
head and neck, and lung cancer cell lines, the
drug did not demonstrate increased cytotoxicity
compared with MAB100 in keratinocytes.38

Clinical results. In a phasel dose-escalation
study, 24 patients with advanced or metastatic
epithelial malignancies without available standard
of care therapy and likely to express EGFR
received a 2-h infusion of AVID100 every 3 weeks.
The most common AEs experienced were rash,
nausea, and fatigue, but the drug was generally
well tolerated. Durable responses were observed
in three of these patients not selected for EGFR
overexpression (colorectal, ovarian, cervical).3®
The multicenter, dose-expansion, phase Ila trial is
recruiting patients with advanced, EGFR-overex-
pressing TNBC to evaluate the efficacy, safety,
and tolerability of AVID100 (AVID100-01 [Clin-
icalTrials.gov identifier: NCT03094169]). In this
study, patients will receive 220 mg/m? (~6 mg/kg)
of AVID100 every 3 weeks.

U3-1402

Mechanism of action. U3-1402 is an anti-HER3
ADC that is conjugated with a topoisomerase I
inhibitor exatecan derivative (DXd) via a peptidyl
linker.*® HER3 is one of the HER family mole-
cules and is highly expressed in various tumor
types. Unlike other HER family molecules, HER3
has a feature of lacking, or having minimal, intrin-
sic kinase activity.4! HER3 can be phosphorylated
by forming a heterodimer with other receptor
tyrosine kinases such as HER2, which results in
activating the intracellular signaling pathways,
mainly the PI3K/AKT and MAPK/ERK path-
ways. HER3 is implicated in causing resistance to
anti-HER2 agents,*243 and may be associated
with poor prognosis in solid tumors including
breast, gastric, ovarian cancer, and melanoma.**
Similar to the naked, fully human anti-HER3
mADb patritumab, which binds to the extracellular
domain of HER3 and inhibits HER3-activated
PI3K/AKT signaling pathway, U3-1402 showed
efficient internalization into the cancer cell and
release of the payload. In addition, the cytotoxic
activity of the drug was found to be mediated pre-
dominantly by its payload, DXd, via DNA dam-
age and apoptosis induction in an n vitro
pre-clinical study. In 2 vivo experiments, U3-1402
showed potent antitumor activity in a dose-depen-
dent and HER3-dependent manner without unac-
ceptable toxicity in rats and monkeys.4°

Clinical Results. The ongoing phase I/II trial is
evaluating the safety, tolerability, and efficacy
of U3-1402 in patients with HER3-overex-
pressing metastatic breast cancer. According to
the most recent report, 21 evaluable patients
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received U3-1402, and the grade 3/4 toxicity
included thrombocytopenia and liver enzyme
increase. Other common toxic effects included
nausea, vomiting, and decreased appetite. The
ORR was 33% and disease-control rate [DCR,
complete response (CR) + partial response
(PR) + stable disease (SD)] was 95%.%> This
preliminary data suggests that U3-1402 has
promising antitumor activity with manageable
toxicity in patients with HER3-overexpressing
metastatic breast cancer.

CAB-ROR2-ADC

Mechanism of action. CAB-ROR2-ADC is an
ADC composed of a conditionally active biologic
(CAB) antibody directing receptor tyrosine
kinase-like orphan receptor 2 (ROR2) conju-
gated to an undisclosed payload. The ROR2
belongs to the ROR subfamily of cell surface
receptors and is an onco-fetal protein that acts as
a non-canonical Wnt 5A receptor; ROR2 expres-
sion is correlated with clinical outcome.*® Upon
administration of the drug, the antibody becomes
activated under the unique microphysical condi-
tions present in the tumor microenvironment.
The CAB proteins are generated using BioAtla’s
proprietary protein technologies and are specifi-
cally activated by the glycolytic metabolism of
cancer cells, but not in the microenvironment of
normal tissues. In vitro and in vivo, CAB-ROR2-
ADC was demonstrated to mediate cytotoxicity
and tumor growth inhibition in ROR2-express-
ing cell lines and human xenograft models.4’

Clinical results. A multi-center, open-label, phase
/Il study is currently recruiting patients with
advanced solid tumors such as TNBC, non-small
cell lung cancer, and soft tissue sarcoma, to assess
the safety and efficacy of CAB-ROR2-ADC.

Anti-CAé-DM4 immunoconjugate (SAR566658)
Mechanism of action. SAR566658 is a human-
ized DS6 antibody directed against tumor-
associated sialoglycotope CA6 conjugated to the
maytansinoid DM4. DS6 specifically recognizes
a MUC-1 tandem repeat domain formed by
tumor-associated glycosylation. The expression
of CA6 was observed in breast, ovarian, and
bladder cancer. In i vivo models, SAR566658
induced antitumor activity against CA6-positive
solid tumor and in breast patient-derived xeno-
graft models.*8

Clinical results. A phasel dose escalation and
expansion study was conducted to evaluate the
safety and the maximum tolerated dose of
SAR566658. A total of 114 patients with heavily
pretreated solid tumors, including breast cancer
with CA6 expression, were enrolled. The most
common AEs were reversible keratopathy (grade
2/3; 36%) and fatigue (32.6%), peripheral neu-
ropathy (31.6%), and gastrointestinal disorders.
Tumor regression was observed in about 60% of
patients at 190 and 90 mg/m? on day 1 and day 8
dosing and 35% of patients at 150 and 120 mg/m?
every 2 weeks (q2w). Among eight patients with
PR, three had breast cancer. The further clinical
development of the drug will be based on 90 mg/m?
day 1 and day 8 every 3 weeks (q3w).%°

Discontinued ADCs for patients with

metastatic breast cancer

Discontinued ADCs for patients with metastatic
breast cancer are listed in Table 2.

Glembatumumab vedotin

Mechanism of action. Glembatumumab vedotin
is a glycoprotein NMB (gpNMB)-specific mono-
clonal antibody conjugated to the MMAE by a
proteolytic linker. gpNMB is present in 40—60%
of TNBC, and its overexpression was demon-
strated to promote invasion and metastasis of gli-
oma and breast cancer cells.>°

Clinical results. Patients (n=124) with refractory
breast cancer that expressed gpNMB in =5% of
epithelial or stromal cells by immunohistochemis-
try were enrolled and randomized to glembatu-
mumab vedotin or investigator’s choice in a 2:1
ratio, with stratification by gpNMB expression.
Glembatumumab vedotin achieved 40% ORR
versus 0% with investigator’s choice of therapy in a
subgroup of patients with gpNMB-overexpressing
TNBC.5! However, the drug failed to demonstrate
a PFS, ORR, or OS benefit in a phase Il random-
ized trial compared with capecitabine in patients
with gpNMB-overexpressing metastatic TNBC
[ClinicalTrials.gov identifier: NCT01997333],
which led to discontinuation of the development
of this ADC.

Conclusion
The development of ADCs has emerged as an
important targeted therapeutic strategy for
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TNBC. Although the approach to combine the
specificity of mAbs with potency of payload is
novel, the success of the drug in clinics depends
critically on optimal engineering of the drug and
matching the right drug to the right patient. The
relatively few identified ideal target antigens that
are expressed highly in cancer tissues but at a low
level in normal tissues have created a highly com-
petitive environment for the development of new
ADCs in the drug development industry. In the
past few decades, many important lessons have
been learned from ADCs that have resulted in
discontinuation. For example, PF06664178, an
anti-Trop-2 antibody with Aur0101, demon-
strated excess toxicities, due primarily to skin/
mucosal and neutropenia with minimal antitu-
mor activity. The AEs seen with PF06664178,
and their severity, were notably different from
those of sacituzumab govitecan, which also tar-
gets Trop-2. This is possibly explained by the dif-
ference of DAR and potency of the payload
between those two drugs; whereas sacituzumab
govitecan had higher DAR with the lower toxicity
of SN-38, PF06664178 had lower DAR with
more toxic Aur0101.52

Since ADCs can provide a broader therapeutic
window than conventional chemotherapy, combi-
nation therapy with other agents is a potentially
effective strategy to enhance synergy as well as tar-
get tumor heterogeneity. For example, the combi-
nation of sacituzumab govitecan with PARP
inhibition in TNBC models i vitro and in vivo
demonstrated increased dsDNA breaks and syn-
ergistic growth inhibition regardless of BRCAI1/2
status in a preclinical study.>? To validate the fea-
sibility of this combination therapy, a phaseI/Il
clinical trial to investigate the dose limiting toxic-
ity of sacituzumab govitecan with talazoparib in
patients with metastatic TNBC is ongoing
[ClinicalTrials.gov identifier: NCT04039230].

While the off-target toxicity of ADCs is gener-
ally caused by non-optimal engineering of the
drug, such as premature release of payload due
to unstable linker, or non-specific distribution
of payload from apoptotic cells, the on-target
toxicity profile is usually reflected by that of the
payload itself. Thus, the strategy of combining
ADCs with immune checkpoint inhibitors with
non-overlapping toxicity that target the interac-
tion between microenvironment and cancer
cells has emerged as a promising option. As part
of an open-label, multicenter, randomized
umbrella phase Ib/II trial, MORPHEUS-TNBC

is recruiting patients with metastatic or inoper-
able locally advanced TNBC to evaluate the
efficacy and safety of a combination of atezoli-
zumab and sacituzumab compared with nab-
paclitaxel plus atezolizumab [ClinicalTrials.gov
identifier: NCT03424005]. The rationale of the
combination of ADCs with immune checkpoint
inhibitors is based on preclinical evidence that
ADCs can mediate increased infiltration of
cytotoxic T cells and antigen-presenting cells in
the microenvironment.

A recent study reported enhanced antitumor
activity by incorporating a bispecific antibody
that binds to Mesothelin, a glycosyl-phosphati-
dyl inositol-linked membrane protein and CD16
in the context of TNBC.5* The key advantage of
targeting two molecules through a single plat-
form points to unique approaches such as the
targeting of two different epitopes on the same
antigen or the use of antibody to redirect immune
effectors. Although the potency of the payload is
the critical component in antitumor activity in
ADCs, bispecific ADCs may complement effi-
cacy by improving internalization, trafficking, or
extracellular effects of cell killing such as
ADCC.55 If these attempts to improve the effi-
cacy of ADCs demonstrate success, ADCs could
potentially replace a chemotherapy backbone as
the preferred therapeutic partner for treatment
of TNBC.
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