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Abstract: Antibody-drug conjugates (ADCs) have significantly advanced
the treatment of breast cancer by integrating the specificity of mono-
clonal antibodies with the cytotoxic efficacy of chemotherapy, thereby
enabling a targeted therapeutic approach that reduces off-target toxicity
to normal tissues. Currently, 4 ADCs—sacituzumab govitecan, trastu-
zumab deruxtecan, trastuzumab emtansine, and the more-recent dato-
potamab deruxtecan—are approved for clinical application, with several
others in advanced stages of development. Although these agents have
demonstrated promising clinical efficacy, challenges such as ADC resis-
tance and associated toxicities have emerged, underscoring the need
for continued research. Multiple strategies are under investigation to
enhance therapeutic benefit through combination regimens with other
classes of medications, as are approaches to mitigate resistance mecha-
nisms. Progress in next-generation ADCs, incorporating novel linkers and
more potent cytotoxic payloads, holds promise for further improvement
in clinical outcomes. Additionally, biomarker-driven strategies to identify
those patients most likely to benefit from ADC therapy will support more
personalized approaches to treatment. This review explores the struc-
tural and mechanistic features of ADCs in breast cancer, highlighting
their therapeutic potential, and discusses ongoing clinical trials exploring

new-generation ADCs and combination therapies.

Introduction

Antibody-drug conjugates (ADCs) have revolutionized the therapeu-
tic landscape in clinical oncology. By providing a targeted approach
that combines the specificity of monoclonal antibodies with the
potency of cytotoxic drugs, ADCs aim to enhance the efficacy of
treatment while minimizing damage to normal tissue. In breast can-
cer, a heterogeneous disease comprising various subtypes, 4 ADCs
are currently approved by the US Food and Drug Administration
(FDA): sacituzumab govitecan (SG; Trodelvy, Gilead), trastuzumab
deruxtecan (T-DXd; Enhertu, Daiichi-Sankyo/AstraZeneca), trastu-
zumab emtansine (T-DM1; Kadcyla, Genentech), and the more-re-
cent datopotamab deruxtecan (Dato-DXd; Datroway, Daiichi
Sankyo/AstraZeneca). Many additional ADCs are in development.
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As research continues to elucidate the mechanisms of
ADCs and their clinical applications, these therapies
hold significant promise for improving outcomes in
patients with breast cancer, transforming the landscape
of treatment and offering new hope for the management
of this complex disease. This review sheds light on the
structure of ADCs, describes the mechanism of action of
the 4 FDA-approved ADCs in breast cancer, and explores
ongoing clinical trials of other ADC:s in breast cancer (see
eTable at www.hematologyandoncology.net).

The Structure of ADCs

The 3 components of the structure of an ADC are a
monoclonal antibody (mAb), a cytotoxic payload, and a
chemical linker that conjugates them.

The Antibody
The key to ADC identification of a tumor cell is the
antigen expressed on the cell. Ideally, the antigen should
be exclusive for tumor tissue and minimally expressed on
normal cells to minimize the risk of systemic toxicity.’
The most common targets for approved ADCs in breast
cancer include human epidermal growth factor receptor 2
(HER2) and trophoblast cell surface antigen 2 (TROP2).
The main components of the antibody include 2 anti-
gen-binding fragments (Fabs), which recognize the target,
and 1 constant fragment (Fc), which binds to Fc receptors
on immune effector cells.? The optimal antibody in ADC
would have low immunogenicity, high binding affinity,
the ability to facilitate internalization, and a long half-life.?
Given their low immunogenicity, fully humanized mAbs
are employed in ADCs.* Immunoglobulin G (IgG) is the
primary backbone of ADCs. Owing to its high binding
affinity for Fc receptors—which induces antibody-depen-
dent cell-mediated toxicity (ADCC), antibody-dependent
phagocytosis, and complement-dependent cytotoxicity—
IgG1 is the subclass most commonly used in ADCs.’
Although antigen expression is critical for ADC
internalization into cancer cells, emerging clinical trial
data indicate that levels of expression do not necessarily
correlate with therapeutic response. In the ASCENT trial,
SG demonstrated superior clinical outcomes vs chemo-
therapy in TROP2 subgroups stratified by H-score and
membrane cell percentage.® Similarly, T-DXd has shown
efficacy in HER2-low—expressing and HER2-ultra-low—
expressing tumors,’” underscoring the fact that HER2
overexpression is not essential for a significant therapeutic
response. Moreover, it is estimated that only approxi-
mately 0.1% of the administered dose of an ADC reaches
the targeted tumor cells; most is catabolized off site in
nontargeted healthy cells, potentially leading to adverse
toxicities.®”

The Linker

The chemical linker binds the cytotoxic payload to the
antibody. The ability to remain stable in the circulation is
crucial because release of the payload in the bloodstream
owing to premature cleavage can decrease efficacy and
lead to an off-target effect. Linker chemistry and water
solubility define the stability of ADCs and their ability to
release payload metabolites, respectively.'® Cleavable and
noncleavable linkers are the 2 types of linkers that can be
used in ADCs, according to their metabolic profile inside
the cell.? Cleavable linkers depend on tumor-specific con-
ditions, including lysosomal enzymes and PH changes.
They are subdivided into chemical cleavage linkers
(hydrazone and disulfide bonds) and enzyme cleavage
linkers (glucuronide and peptide)."" Premature cleavage
can occur in the bloodstream, potentially resulting in
systemic toxicity and decreased efficacy.’? Noncleavable
linkers (thioether or maleimidocaproyl group) have no
sites for enzymatic or chemical cleavage. Given this fact,
they are more stable in plasma and have a longer half-
life and a reduced toxicity profile. The release of payload
complex inside a tumor cell depends on hydrolysis of the
antibody component by lysozymes. The bystander effect,
which refers to the killing of neighboring cells that may
not express the antigen target, is less frequently observed
in ADCs with a noncleavable linker.'?

The Cytotoxic Payload

The cytotoxic payload is the main agent of an ADC in
regard to its efficacy and potency. Agents employed in
ADC development aim to provide increased cytotoxic-
ity with minimal intracellular concentration after drug
internalization. The most common payload targets are
DNA, microtubules, and topoisomerase I. DNA-dam-
aging compounds include calicheamicin, pyrrolobenzo-
diazepines, and duocarmycin. Tubulin inhibitors include
tubulysins, auristatins, and maytansinoids. Camptoth-
ecin, deruxtecan, and govitecan target topoisomerase,
whereas a-amanitin inhibits RNA polymerase.'* Payload
conjugation to antibodies occurs through either cysteine
or lysine residues.” The drug-antibody ratio (DAR), a
significant ADC parameter, refers to the number of pay-
load molecules attached to a single mAb. The higher the
DAR, the higher the efficacy of an ADC but the lower its
therapeutic index owing to rapid clearance and increased

toxicity.'¢

ADCs in Breast Cancer

Trastuzumab Emtansine

T-DM1 was the first ADC approved for the treatment
of breast cancer. T-DM1 is composed of the monoclonal
antibody trastuzumab conjugated to a potent tubulin
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polymerization inhibitor, DM-1, via a noncleavable
maleimidomethyl  cyclohexane-1-carboxylate (MCC)
thioether linker through lysine residues. The average DAR
of T-DM1 is approximately 3.5." After selectively bind-
ing to tumor cells that overexpress the HER2 receptor,
T-DM1 is internalized via endocytosis and transported
to lysosomes. Thereafter, trastuzumab degradation by
lysozymes leads to the release of lysin-MCC-DM1 and
delivery into the cytoplasm, where it blocks tubulin
polymerization and induces cell death without exhibiting
bystander effect."”

Metastatic HER2+ Breast Cancer. T-DM1 was
initially granted approval for the treatment of patients
with metastatic HER2-positive (HER2+) disease who
previously received trastuzumab and taxane therapy,
either separately or in combination."® Approval was based
on the EMILIA trial.” In comparison with lapatinib plus
capecitabine, T-DM1 significantly improved median
progression-free survival (PES; 9.6 vs 6.4 months) and
median overall survival (OS; 30.9 vs 25.1 months). In
addition, the objective response rate (ORR) was 43.6%
with T-DM1 vs 30.8% with lapatinib plus capecitabine.®
The final analysis continued to show significant improve-
ment in median OS (29.9 vs 25.9 months; hazard ratio
[HR], 0.75), with a safety profile similar to those in prior
analyses.”

Early-Stage HER2+ Breast Cancer. Further evalua-
tion of T-DM1 was extended to early HER2+ disease. In
the KATHERINE trial, patients who had residual inva-
sive disease at surgery after neoadjuvant taxane and tras-
tuzumab were randomized to T-DM1 vs trastuzumab.?!
The rate of invasive disease-free survival (iDES) at 3 years,
the primary endpoint, was 88.3% in the T-DM1 group vs
77% in the trastuzumab group (HR, 0.5; P<.001).?! On
the basis of these findings, the FDA expanded the use of
T-DM1 to the adjuvant treatment of early HER2+ breast
cancer for patients with residual invasive disease after neo-
adjuvant treatment based on a taxane and trastuzumab.?
At 8.4-year follow-up, the rate of iDFS remained higher in
the T-DM1 group than in the trastuzumab group (32.2%
vs 19.7%; HR, 0.54), without new safety signals.” Real-
world data from the KARMA study indicated a safety
profile that was consistent and manageable, aligning with

data from the KATHERINE trial.?

Trastuzumab Deruxtecan

T-DXd represents a significant advancement in the
ADC landscape, with clinical applications expanding to
a wider range of solid tumors. Although its monoclonal
antibody component, trastuzumab, specifically targets
HER2, T-DXd has proved effective not only in HER2+
breast cancer but also in HER2-low (immunohistochem-
istry [IHC] 1+ or IHC 2+/in situ hybridization [ISH]-)

and HER2-ultra-low (IHC 0 with membrane-staining)
tumors.” This enhanced therapeutic effect is driven by the
unique properties of the T-DXd linker and payload. The
specialized, tetrapeptide-based cleavable linker in T-DXd
avoids the premature release of payload in the circulation
and allows a DAR of 8, higher than that of T-DM1.%
The cytotoxic agent DXd is an exatecan derivative that
inhibits topoisomerase I with potency10-fold higher than
that of the active metabolite of irinotecan (SN-38).2¢ In
addition, a significant bystander effect is exhibited, given
the lipophilic structure and high membrane permeabil-
ity of DXd. This bystander effect allows the payload to
enter surrounding cells and exert a cytotoxic effect in
tumor cells that may not express HER2 receptor.”’” The
potency of the payload, the bystander killing effect, and
the relatively high DAR enhance the antitumor activity
of T-DXd.?

Metastatic HER2+ Disease. In December 2019,
T-DXd received accelerated approval for the treatment of
metastatic HER2+ breast cancer after 2 or more HER2-di-
rected therapies? on the basis of results of the single-arm,
phase 2 DESTINY-Breast01 trial.** Among 184 patients,
the response rate was 60.9%, with a median duration of
response (DOR) of 14.8 months and median PFS of 16.4
months in the initial analysis.’*® When compared with
T-DML1 in the confirmatory phase 3 DESTINY-Breast03
trial, T-DXd showed significant improvement in PES (not
reached vs 6.8 months; HR, 0.284) and the 12-month
OS rate (94.1% vs 85.9%).%" This finding led to approval
in May 2022 for the treatment of unresectable or met-
astatic HER2+ disease in patients who have received
a prior anti-HER2-based regimen either in the meta-
static setting or in the neoadjuvant or adjuvant setting
and in whom disease has recurred during or within
6 months after completion of therapy.’* The updated
results from DESTINY-Breast03 continued to show
significant improvement with T-DXd vs T-DM1 in PES
and OS; median PFS was 29.0 vs 7.2 months (HR, 0.30;
95% CI, 0.24-0.38). The 36-month PFS rate was 45.7%
vs 12.4%, and median OS was 52.6 vs 42.7 months (HR,
0.73).** In DESTINY-Breast02,” a comparison of
T-DXd vs standard of care (SOC) in patients who had
received T-DM1 revealed longer PFS with T-DXd (17.8
vs 6.9 months; P<.0001). This was the first randomized
trial to demonstrate that an ADC can overcome resis-
tance to prior ADCs.* In the DESTINY-Breast12 trial,*
T-DXd demonstrated significant and durable overall and
intracranial clinical activity in patients with HER2+ met-
astatic breast cancer, including a substantial cohort with
stable or active brain metastases. The 12-month PFS rate
was 61.6%, and the central nervous system PFS rate was
58.9%. These results were similar in patients with either
stable (57.8%) or active (60.1%) brain metastases.*®
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Metastatic HER2-Low and HER2-Ultra-Low
Disease. The quantitative expression of HER2 on tumor
cells is assessed with IHC and ISH.”” HER2-low disease,
which refers to tumors with a HER2 IHC score of 1+
or 2+ in the absence of HER2 amplification, accounts
for 45% to 55% of all cases of breast cancer.®® Given the
bystander effect, T-DXd was evaluated in the HER2-low
setting and demonstrated promising antitumor activity,
with an ORR of 37% in 54 patients and a median DOR
of 10.4 months.*® In August 2022, on the basis of results
of the DESTINY-Breast04 trial, the FDA extended
approval to include patients with HER2-low metastatic
breast cancer who have received prior chemotherapy in
the metastatic setting or in whom disease has recurred
during or within 6 months after the completion of adju-
vant chemotherapy.®” Compared with the physician’s
choice of treatment, T-DXd significantly improved
PFS (9.9 vs 5.1 months; P<.001) and OS (23.4 vs 16.8
months; P=.001).* Interestingly, clinically meaningful
activity was also demonstrated in patients with HER2-
null advanced breast cancer (best overall response rate,
29.7% in the DAISY trial.** As a first-line treatment after
endocrine therapy, T-DXd outperformed chemotherapy
in metastatic hormone receptor—positive (HR+) disease
in the DESTINY-Breast06 trial. Significant improve-
ment in PFS was demonstrated in HER2-low (13.2 vs
8.1 months; HR, 0.62) and HER2-ultra-low (13.2 vs
8.3 months; HR, 0.78) disease.” In addition, the ORR
was significantly improved in both cohorts without any
new safety signals. On the basis of these results, the FDA
extended the approval of T-DXd to include unresectable
or metastatic HR+/HER2-low or HER-2-ultra-low breast
cancer that has progressed on one or more endocrine ther-
apies in the metastatic setting.

Early-Stage HER2+ Disease. Ongoing trials are
exploring T-DXd in early-stage disease. The TALENT
trial is the first study to evaluate the efficacy of T-DXd
in the neoadjuvant setting, randomizing 58 patients with
HR+/HER2-low disease to T-DXd monotherapy (arm A)
or T-DXd plus anastrozole (arm B). Among 17 patients
who completed treatment in arm A, 1 had a pathological
complete response (pCR) after 8 cycles and 2 had a resid-
ual cancer burden score of I after 6 cycles. In arm B, 1 of
16 patients had a residual cancer burden score of I after
8 cycles. The ORR was 75% in arm A and 63.2% in arm
B.“" In this pilot study, T-DXd demonstrated potential
activity in the neoadjuvant setting; however, endocrine
therapy did not appear to enhance its therapeutic ben-
efit. Additionally, the SHAMROCK study** will enroll
patients with stage II or IIl HER2+ disease to receive neo-
adjuvant T-DXd for up to 6 cycles. A repeat biopsy after
2 cycles will assess the RNA disruption index (RDI) score
to determine the likelihood of pCR. The RDI score has

been shown to predict pCR as eatly as after the first cycle
of neoadjuvant chemotherapy in patients with HER2+
breast cancer.”” On the basis of their RDI score, patients
will receive either 4 or 6 cycles of T-DXd before imaging.
Those achieving imaging complete response (iCR) will
proceed to surgery, whereas those not achieving iCR may
receive further systemic therapy or proceed to surgery.?
DESTINY-Breast05 is a phase 3 trial comparing the effi-
cacy and safety of adjuvant T-DXd with that of T-DM1
in patients with HER2+ invasive breast cancer who have
residual disease after neoadjuvant therapy.* The trial aims
to enroll approximately 1600 patients, randomized in a
1:1 ratio to receive either T-DXd (5.4 mg/kg) or T-DM1
(3.6 mg/kg) every 3 weeks for 14 cycles. The primary effi-
cacy endpoint is iDFS, with secondary endpoints includ-
ing OS and disease-free survival.* DESTINY-Breast11
will assess the efficacy of T-DXd monotherapy or T-DXd
followed by paclitaxel, trastuzumab, and pertuzumab
(Perjeta, Genentech; THP) vs that of dose-dense doxo-
rubicin plus cyclophosphamide followed by THP in
the neoadjuvant setting. Patients will be randomized in
a 1:1:1 ratio and will be stratified by hormone receptor
status and HER2 THC score. Surgery will be performed
3 to 6 weeks after the administration of the last cycle of
treatment, followed by adjuvant therapy according to
local clinical standards. The primary endpoint is pCR.%

Sacituzumab Govitecan
High expression of TROP2, the antibody target in SG,
has been associated with a poor prognosis, particularly in
triple-negative breast cancer (TNBC).“” The monoclo-
nal antibody is connected to the payload, SN-38, via a
hydrolyzable CLA2 linker. SN-38, the active metabolite
of irinotecan, is a topoisomerase I inhibitor that causes
double-stranded DNA breaks and cell death, exhibiting a
bystander effect.”®

Metastatic TNBC. SG was initially granted acceler-
ated approval for previously treated metastatic TNBC in
April 2020 on the basis of a phase 1/2 single-arm trial.*’
In patients with heavily pretreated metastatic TNBC,
the response rate was 33.3% with SG. After results of
ASCENT trial®® demonstrating significant improvement
vs chemotherapy in PES (5.6 vs 1.7 months; P<.001) and
OS (12.1 vs 6.1 months; P<0.001), SG was granted full
approval by the FDA in April 2021.%" In the final analysis,
continued improvement was demonstrated in PFS (4.8 vs
1.7 months; HR, 0.41) and OS (11.8 vs 6.9 months; HR,
0.51).° In the first-line setting, SG is currently being eval-
uated in the randomized, phase 3 ASCENT-03 trial for
programmed death ligand 1-negative (PD-L1-) TNBC.
Patients will be randomized to SG vs chemotherapy (gem-
citabine/carboplatin, paclitaxel, or nab-paclitaxel [Abrax-
ane, Bristol Myers Squibb]) until disease progression or
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unacceptable toxicity.”? The ASCENT-04 trial is assess-
ing the efficacy of SG plus pembrolizumab (Keytruda,
Merck) vs standard chemotherapy as a first-line treatment
in PD-L1+ disease. The key exclusion criterion is prior
exposure to a topoisomerase inhibitor.*®

Early-Stage TNBC. Further evaluation of SG is
ongoing in early breast cancer. The NeoSTAR study
demonstrated the efficacy of neoadjuvant SG in ear-
ly-stage TNBC. Among 49 participants who completed
4 cycles of SG, the pCR rate was 30% and the ORR was
64%. At a median follow-up of 18.9 months, the 2-year
event-free survival rate was 95% and was 100% in those
achieving a pCR.>* In the adjuvant setting, the combina-
tion of pembrolizumab plus SG will be evaluated in the
phase 3 ASCENT-05 trial. Patients with residual disease
after neoadjuvant therapy will be randomized to pembro-
lizumab plus SG vs pembrolizumab plus capecitabine.
The primary endpoint is iDFS.”

Metastatic HR+ Disease. SG was also approved in
metastatic HR+ disease®® after the TROPICS-02 study.”
The ORR and the clinical benefit rate were higher in
the SG group (21% vs 14%, respectively) than in the
chemotherapy group (34% vs 22%, respectively). In
addition, PFS was longer in the SG group than in the
chemotherapy group (5.5 vs 4 months; P=.0003), with
similar OS (13.9 vs 12.3 months; P=.143).” However, in
the updated analysis, OS was significantly longer in the
SG group (14.4 vs 11.2 months; P=.02), with a higher
ORR (21% vs 14%; P=.03).>® The ASCENT-07 trial will
be assessing SG vs chemotherapy in patients with inop-
erable locally advanced disease or metastatic disease after
endocrine therapy who are eligible for first chemotherapy.
PES is the primary endpoint.”

Datopotamab Deruxtecan

The humanized monoclonal antibody in Dato-DXd, like
the one in SG, binds to TROP2 receptors on tumor cells.
The payload, DXd, is conjugated with the antibody via
a cleavable tetrapeptide-based linker, allowing stability in
the bloodstream and an extended half-life.** A bystander
effect is seen with Dato-DXd.®!

Metastatic TNBC. Dato-DXd was initially evalu-
ated in TROPION-PanTumor01, a first-in-human study
of solid tumors. In the preliminary data on TNBC, Dato-
DXd showed durable antitumor activity and manageable
toxicity.*>*> The ORR was 32% in all 44 patients, with
the median DOR not reached.®® In the BEGONIA trial,
Dato-DXd plus durvalumab (Imfinzi, AstraZeneca)
demonstrated a robust response in the first-line setting in
29 patients with unresectable locally advanced or meta-
static TNBC.* Updated results from 53 treated patients
revealed an ORR of 74%.% Further analysis®® continued

to show a durable response, with an ORR of 79% (49 of

62 patients); 6 patients had a complete response and 43
had a partial response. The median DOR was 15.5 months
and the median PFS was 13.8 months.®® The phase 3
TROPION-Breast02 trial®' will evaluate the efficacy of
Dato-DXd monotherapy in patients with treatment-naive
locally recurrent or metastatic TNBC who are not eligi-
ble for programmed death 1/PD-L1 inhibitors. Patients
will be randomized to Dato-DXd vs physician’s choice
of chemotherapy in a 1:1 ratio. The primary endpoints
include PFS and OS.®! In patients with inoperable locally
recurrent disease or metastatic PD-L1+ disease not pre-
viously treated with chemotherapy, TROPION-Breast05
will compare Dato-DXd with or without durvalumab vs
standard chemotherapy in a 3-arm study. Key exclusion
criteria include active brain metastases and prior exposure
to a topoisomerase I ADC or TROP2-targeted therapy.”’

Metastatic HR+ Disease. The TROPION-Breast01
trial randomized patients with previously treated
metastatic HR+ breast cancer to Dato-DXd vs chemo-
therapy.®® Preliminary data demonstrated significant
improvement in PES vs placebo (6.9 vs 4.9 months; HR,
0.63). Although OS data were not yet mature, a trend
favoring Dato-DXd was also observed (HR, 0.84; 95%
CI, 0.62-1.14).%% Given these results, Dato-DXd was
FDA approved for treatment in patients with previously
treated metastatic HR+/HER2— breast cancer.”® Further
analysis from the TROPION-BreastO1 trial”! indicated
that adverse events of special interest were predominantly
low grade, occurred during the initial treatment cycles,
and were manageable. Furthermore, the rate of grade
3 or higher treatment-related adverse events (TRAEs)
with Dato-DXd was less than half that observed with
investigator’s choice of chemotherapy, and fewer TRAEs
necessitated dose interruptions or reductions. These find-
ings suggest that Dato-DXd offers improved tolerability
vs chemotherapy, highlighting its potential as a favorable
treatment option in clinical practice.”

Early-Stage Disease. Given the compelling results
observed in the metastatic setting, further investigation
of Dato-DXd has been initiated in the early-stage con-
text. The ongoing phase 3 TROPION-Breast03 trial’?
is assessing the efficacy and safety of Dato-DXd alone
or in combination with durvalumab vs SOC therapy in
patients with stage I to IIl TNBC who have residual inva-
sive disease after neoadjuvant treatment. Eligible patients
will be randomized in a 2:1:2 ratio to receive Dato-DXd
(for 8 cycles) plus durvalumab (for 9 cycles), Dato-DXd
monotherapy, or investigator’s choice of therapy (capecit-
abine, pembrolizumab, or both). The primary endpoint
is iDFS for the combination vs SOC. Key secondary
endpoints include safety, distant disease—free survival,
OS, and iDFS for Dato-DXd monotherapy vs SOC.”
In the multicenter, phase 3 TROPION-Breast04 trial,”
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neoadjuvant Dato-DXd with durvalumab followed by
adjuvant durvalumab will be evaluated. Patients with
treatment-naive stage II to III TNBC or HR-low (estro-
gen receptor and/or progesterone receptor expression
from 1% to <10%)/HER2— disease will be randomized to
receive Dato-DXd plus durvalumab vs SOC therapy and
will be stratified by lymph node status, tumor stage, HR
status, and region. The primary endpoints of the study
include pCR and event-free survival. Key secondary end-
points encompass OS, distant disease—free survival, and
safety/tolerability.”?

ADCs in Clinical Development

Multiple other ADCs are being evaluated in breast cancer,
including zanidatamab zovodotin, MEDI4276, disitamab
vedotin, and ARX788.

Zanidatamab Zovodotin (ZW-49). Antibody
modification plays a pivotal role in ADC development.
For instance, biparatopic antibodies provide a promising
approach to overcoming resistance by enabling increased
binding, accelerated HER2 internalization, and enhanced
lysosomal degradation. Zanidatamab (ZW25) is a novel,
humanized bispecific monoclonal antibody targeting the
juxta-membrane extracellular and dimerization domains
of HER2. Its unique binding profile enables it to bind
HER2 across varying levels of expression, induce recep-
tor clustering and internalization, and downregulate
HER2.747> Zanidatamab also inhibits both growth fac-
tor—dependent and growth factor—independent tumor
cell proliferation while activating immune responses,
including ADCC, phagocytosis, and complement-de-
pendent cytotoxicity.”® Zanidatamab zovodotin, a
HER2-based ADC using the biparatopic antibody zani-
datamab, demonstrated antitumor activity in HER2+ and
HER2-low breast cancer models.”” When this finding was
extended to a phase 1 study, the ADC showed manageable
tolerability and efficacy in patients with HER2+ advanced
breast and gastric cancers refractory to T-DM1.7® Keratitis
was the only dose-limiting toxicity. MEDI4276, another
biparatopic ADC featuring site-specific conjugation,
demonstrated limited clinical activity and unfavorable
toxicity in a phase 1 trial.”

Disitamab Vedotin. Disitamab vedotin (RC48)
is a novel HER2-based ADC composed of hertuzumab
linked via a cleavable linker to monomethyl auristatin
E (MMAE).®° In HER2+ advanced and metastatic solid
tumors, RC48 demonstrated promising eflicacy, with
an ORR of 37.5% in the subgroup with low to medium
HER2 expression and 57.1% in the subgroup with higher
HER2 expression. TRAEs included anemia, leukopenia,
and elevated transaminases.®' Pooled analysis of 2 studies
in HER2+ and HER2-low breast cancer demonstrated
consistent efficacy with different doses.®

ANTIBODY-DRUG CONJUGATES IN BREAST CANCER

ARX788. In addition to antibody engineering,
linker modification has been developed to bypass mul-
tidrug resistance. In a study conducted by Kovtun and
colleagues, the response of a PEG4Mal-linked ADC was
more pronounced than the responses of non—polar-linked
conjugates.® ADCs featuring noncleavable linkers, such
as T-DM1 employing a thioether linker and ARX788
utilizing a maleimide linker, incorporate an active cyto-
toxic complex comprising a singular amino acid bound to
the linker and the payload. However, this design presents
limitations, including restricted membrane permeability
and inadequate bystander effect,* thereby attenuating
drug potency within tumors characterized by low or het-
erogeneous levels of HER2 expression. However, recent
advancements have tackled this challenge, demonstrat-
ing promising efficacy in such patient populations. For
example, T-DXd exhibited superior antitumor activity
vs T-DM1 in individuals with HER2-low tumors and
HER?2 intratumoral heterogeneity owing to its cleavable
linker, higher DAR, and more potent payload.”” Unlike
T-DM1, ARX788 displayed activity in patient-derived
xenograft models of HER2-low breast cancer owing to
its site-specific approach to conjugation, suggesting that
efficient drug delivery might compensate for low antigen
expression.® Traditional conjugation methods lead to
heterogeneous products with variable DARs and conju-
gation sites. On the other hand, site-specific conjugation
yields ADCs with moderate DARs, ensuring greater
homogeneity and a favorable therapeutic index.* In
addition, ARX788 contains a hydrophilic payload with
minimal cell permeability to reduce side effects.®” The
ACE-Breast-02 trial® examined ARX788 vs lapatinib and
capecitabine in patients with HER2+ disease pretreated
with trastuzumab and a taxane. PFS was significantly lon-
ger with ARX788 than with the control treatment (11.33
vs 8.25 months; HR, 0.64). The most common TRAEs
with ARX788 included interstitial lung disease, blurred
vision, dry eye, and keratopathy. Interstitial lung disease
occurred in 32.3% of patients and was primarily grade
1 or 2, with 3 cases potentially related to drug-induced
deaths. Ocular events were observed in 74.5% of patients.
These were mainly grade 1 or 2 (55.5%), with no grade 4
or 5 events reported.®

Other ADCGs. Selection of the payload, a critical
component of ADCs and a determinant of resistance, is
another area of innovation. Beyond cytotoxic potency,
resistance to drug efflux pump-mediated resistance is
pivotal.¥” Dual-payload ADCs have emerged as a strat-
egy to combat HER2 heterogeneity and drug resistance
effectively. Equipped with both MMAE and MMAEF,
these ADCs can overcome resistance while maintaining
efficacy; they demonstrate significant efficacy in preclini-
cal models of refractory breast cancer with heterogeneous
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HER2 expression and are poised for clinical advance-
ment.” Payload diversification is one of the promising
approaches to overcome payload-mediated resistance by
modifying specific components in the cytotoxic agent.
Belotecan derivative is an alternate topoisomerase I
inhibitor in a novel TROP2-based ADC, SKB-264."
In addition, novel generations of HER2-targeted ADCs
are in development, including trastuzumab duocarmycin

(SYD985), BL-M07D1, TQB2102, and SHR-A1811.
Sequencing Treatment With ADCs

In evaluating individual ADCs, it is essential to consider
how these therapies may be sequenced in clinical prac-
tice, particularly in relation to cross-resistance and the
effectiveness of subsequent treatments. In a study of 32
patients receiving more than one ADC in the metastatic
setting, PES was significantly longer for the first ADC
vs the second (ADC2; 7.55 vs 2.53 months; P=.006).”
Subgroup analysis revealed no significant PFS difference
between ADC2 with antibody target change vs ADC2
without antibody target change (3.25 vs 2.30 months;
P=.16). Cross-resistance, defined as progressive disease at
the first restaging on ADC2, was higher when ADC2 tar-
geted the same antigen (69.2%) vs a different one (50%).
These results suggest that although some patients experi-
ence cross-resistance to ADCs, others may demonstrate
durable responses, particularly when a different antibody
is employed.”” Another study of patients with metastatic
HR+/HER2- disease or TNBC who received multiple
ADC:s found that cross-resistance occurred in 59.4% of
68 patients at the first restaging. This resistance appeared
to be driven more by the antibody target than the pay-
load, emphasizing the heterogeneous nature of resistance
mechanisms.”

Conclusion and Future Directions

ADCs have emerged as transformative agents in breast
cancer therapy, offering targeted treatment that enhances
efficacy while minimizing systemic toxicity. The promis-
ing clinical outcomes associated with ADCs suggest their
potential to reshape treatment paradigms. However, the
emergence of resistance to ADCs has highlighted the
need for a deeper understanding of resistance mecha-
nisms, underscoring the role of translational medicine.
Next-generation sequencing, widely used in metastatic
breast cancer to identify targeted genomic alterations, can
be instrumental in uncovering resistance mechanisms,
potentially involving the ADC pathway from antigen
binding to cytotoxic payload effect. Integrating this
approach is essential for predicting treatment response
and identifying biomarkers of resistance on the basis of

individual tumor characteristics and resistance profiles.
Such efforts could optimize treatment outcomes through
biomarker-driven strategies, enabling the identification of
patients most likely to benefit from specific ADCs and
the development of companion diagnostics to guide treat-
ment selection. Addressing ADC resistance will be crucial
in overcoming a critical challenge in this therapeutic
landscape.

Future research should focus on key areas, including
the exploration of combination therapies that synergize
ADCs with immunotherapies and targeted agents, as
well as the identification of predictive biomarkers for
patient selection and personalized treatment. Advancing
next-generation ADCs with novel linkers and cytotoxic
agents will further expand their applicability. Long-term
safety assessments and the use of real-world data are essen-
tial for understanding ADC effectiveness and tolerability
across diverse patient populations. Innovative strategies
to combat resistance to ADCs are also critical, such as
enhancing antigen targeting through the development
of novel ADCs with improved specificity, including the
potential use of bispecific antibodies to target multiple
antigens simultaneously. Concurrently, efforts are under-
way to develop payloads with greater cytotoxicity and
reduced susceptibility to resistance.

Tailoring ADC therapy according to individual
tumor characteristics and resistance profiles can optimize
outcomes by incorporating biomarker-driven approaches
that identify patients most likely to benefit, along with
companion diagnostics for treatment selection. Addition-
ally, combining ADCs with other modalities, such as che-
motherapy and immunotherapy, may provide synergistic
effects to overcome resistance. By strategically designing
these combinations on the basis of insights into resistance
mechanisms, it may be possible to improve efficacy while
minimizing toxicities. Interdisciplinary collaboration
among researchers, clinicians, and pharmaceutical part-
ners will be essential for addressing these challenges and
unlocking new opportunities in cancer therapy, ultimately
enhancing the effectiveness of ADCs in breast cancer
treatment.
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eTable. Pertinent Trials of Dato-DXd, T-DXd, T-DM1, and SG

Experimental
ADC | Trial, Disease Status | Phase | Agent(s) Control Identifier Results
Dato- | Completed
DXd | TROPION-PanTu- | 1 NCT03401385 | TNBC: ORR 31.8%, DOR
mor01: 16.8 mo; HR+ BC*: ORR
TNBC, HR+ BC 26.8%, DOR not evaluable
BEGONIA: TNBC 1b/2 | + Durvalumab NCT03742102 | ORR 79%, DOR 15.5 mo,
mPFS 13.8 mo®
TROPION-Breast01: | 3 NCT05104866 | mPES 6.9 mo (HR 0.63,
HR+ BC P<.001), mOS (HR 0.84)°®
Ongoing
TROPION-Breast03: | 3 +/- Immunoche- | NCT05629585
stage [-III TNBC Durvalumab | motherapy
(adjuvant)
TROPION-Breast04: | 3 + Durvalumab | Immunoche- | NCT06112379
stage II-III TNBC motherapy
(neoadjuvant)
TROPION-PanTu- 1/2 NCT05460273
mor02: TNBC
TROPION-Breast02: | 3 Chemotherapy | NCT05374512
TNBC
TROPION-Breast05: | 3 + Durvalumab | Immunoche- | NCT06103864
PD-L1+ TNBC motherapy
PETRA: advanced BC | 1/2 + Saruparib NCT04644068
T-DXd | Completed
DESTINY-Breast01: 2 NCT03248492 | ORR 62%, mDOR 18.2 mo,
HER2+ BC mPFS 19.4 mo, mOS 29.1
mo®
DESTINY-Breast03: 3 T-DM1 NCT03529110 | mPFS 29.0 vs 7.2 mo (HR
HER2+ BC 0.30), mOS 52.6 vs 42.7 mo
(HR 0.73)
DESTINY-Breast02: | 3 Chemotherapy | NCT03523585 | mPFS 17.8 vs 6.9 mo (HR
HER2+ BC 0.36), mOS 39.2 vs 26.5 mo
(HR 0.66)*
DESTINY-Breast12: 3b/4 NCT04739761 | BM: 12-mo PFES 61.6%, 12-mo
HER2+ BC +/BM CNS PES 58.9%; non-BM:
ORR 62.7% %
DESTINY-Breast04: | 3 Chemotherapy | NCT03734029 | HR+ cohort: mPES 10.1 vs
HER2-low BC 5.4 mo (HR 0.51), mOS 23.9
vs 17.5 mo (HR 0.64); all
population: mPFS 9.9 vs 5.1
mo (HR 0.5), mOS 23.4 vs
16.8 mo (HR 0.64)*
HER2-low BC 1b NCT02564900 | ORR 37%, mDOR 10.4 mo
DESTINY-Breast06: 2 NCT04132960 | ORR:* HER2+ 70.6%, HER2-
HR+/HER2-low BC low 37.5%, HER2-null 29.7%
DESTINY-Breast06: Chemotherapy | NCT04494425 | HER2-low: mPFS 13.2 vs 8.1
HR+/HER2-low BC mo (HR 0.62), ORR 56.5%
vs 32.2%; HER2-ultra-low:
mPFS 13.2 vs 8.3 mo (HR,
0.78), ORR 61.8% vs 26.3%’
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eTable. (Continued) Pertinent Trials of Dato-DXd, T-DXd, T-DM1, and SG

Experimental
ADC | Trial, Disease Status | Phase | Agent(s) Control Identifier Results
T-DXd | Ongoing
TRIO-US B-12 2 +/- Anastrozole NCT04553770 | ORR: T-DXd 75%, T-DXd +
TALENT: HR+/ anastrozole 63.2%*'
HER2-low BC
(neoadjuvant)
SHAMROCK: 2 NCT05710666
HER2+ BC
(neoadjuvant)
DESTINY-Breast05: | 3 T-DM1 NCT04622319
HER2+ BC (adju-
vant)
DESTINY-Breast11: | 3 +/- In sequence | ddAC-THP NCT05113251
HER2+ BC with THP
(neoadjuvant)
TRUDI: stage 11T 2 + Durvalumab NCT05795101
HER2+ or HER2-low
inflammatory BC
HER2CLIMB-04: 2 + Tucatinib NCT04539938
HER2+ BC
HER2-low, HER2-ul- | 1b + Valemetostat NCT05633979
tra-low, or HER2-null (EZH1/2
BC inhibitor)
DASH: HER2+ BC 1 +AZDG6738 NCT04704661
(ATR inhibitor)
DESTINY-Breast07: 1/2 +/- Durvalumab, NCT04538742
HER2+ BC pertuzumab,
paclitaxel,
durvalumab/
paclitaxel, and
tucatinib
HER2+ or HER2-low | 1 Pembrolizumab NCT04042701
BC
PRE-I-SPY-PI: HER2 | 1 ALX148 NCT05868226
IHC score > +1 BC
ALTER-BC-Ib-01: 1 Anlotinib NCT06331169
HER2-low BC
Morpheus-panBC: 1/2 Inavolisib NCT03424005
HER2+ or HER2-low
BC
DESTINY-Breast08: 1 +/- Capecitabine, NCT04556773
HER2-low BC capivasertib,
durvalumab/
paclitaxel,
anastrozole,
fulvestrant
Advanced BC 1/2 Hydroxychloro- NCT06328387
quine
PETRA: advanced BC | 1/2 Saruparib NCT04644068
(AZD5305)
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eTable. (Continued) Pertinent Trials of Dato-DXd, T-DXd, T-DM1, and SG

Experimental
ADC Trial, Disease Status | Phase | Agent(s) Control Identifier Results
T-DM1 | Completed
EMILIA: HER2+ BC | 3 Lapatinib + NCT00829166 | mPES 9.6 vs 6.4 mo (HR
capecitabine 0.65),"” mOS 29.9 vs 25.9
mo (HR 0.75),2 ORR 43.6%
vs 30.8%
KATHERINE: 3) Trastuzumab NCT01772472 | iDFS 32.2% vs 19.7% (HR
HER2+ BC (adjuvant) 0.54), 7-year OS rate 89.1%
vs 84.4%
Ongoing
Astefania: HER2+ BC | 3 T-DM1 NCT04873362
(adjuvant) monotherapy
CompassHER2 RD: | 3 T-DM1 NCT 04457596
HER2+ BC (adjuvant) monotherapy
TUCATEMERB: 2 NCT05673928
HER2+ BC
HER2CLIMB-02: 3 T-DM1 NCT03975647
HER2+ BC monotherapy
HER2+ BC 1b NCT03032107
HER2+ metastatic BC | 2 NCT05560308
Completed
TNBC 1/2 NCT01631552 | ORR 33.3%, CBR 45.5%,
mDOR 7.7 mo, mPES 5.5
mo, mOS 13 mo*
ASCENT: TNBC 3 Chemotherapy | NCT02574455 | mPFS 4.8 vs 1.7 mo (HR
0.41), mOS 11.8 vs 6.9 mo
(HR 0.51)°
TROPiCS-02: HR+ 3 Chemotherapy | NCT03901339 | ORR 21% vs 14%, CBR
BC 349% vs 22%, PFS 5.5 vs 4
mo (HR 0.66),”” OS 14.4 vs
11.2 mo (HR 0.79)°®
Ongoing
ASCENT-05: TNBC |3 Pembrolizumab | Immunoche- | NCT05633654
(adjuvant) motherapy
ASPRIA: TNBC 2 Atezolizumab NCT 04434040
(adjuvant)
ASCENT-03L: TNBC | 3 Chemotherapy | NCT05382299
(first-line)
ASCENT-04: PD-L1+ | 3 Pembrolizumab | Chemotherapy | NCT05382286
TNBC (first-line)
ASCENT-07: HR+ 3 Chemotherapy | NCT05840211
BC
Advanced BC 1/2 Hydroxychloro- NCT06328387
quine
ASSET: HR+/HER2—- | 1 Alpelisib NCT05143229
BC, TNBC
PD-L1— metastatic 2 Pembrolizumab NCT04468061
TNBC
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eTable. (Continued) Pertinent Trials of Dato-DXd, T-DXd, T-DM1, and SG

SG

ANTIBODY-DRUG CONJUGATES IN BREAST CANCER

Ongoing
HER2+ BC, 1/2 DF1001 NCT04143711
HR+/HER2- BC (immuno-
therapy agent
targeting NK
cells)
SACI-IO HR+: 2 Pembrolizumab | SG NCT04448886 | PFS 8.4 vs 6.2 mo, OS 16.9
HR+/HER2- BC monotherapy vs 17.1 mo (immature)®’
TNBC 1/2 Talazoparib NCT04039230
HRD BC 1/2 Berzosertib NCT04826341
(ATR inhibitor)
InCITe: TNBC 2 Avelumab NCT03971409
Morpheus-panBC: 1/2 Atezolizumab NCT03424005

TNBC

BC, breast cancer; BM, brain metastases; CBR, clinical benefit rate; CNS, central nervous system; Dato-DXd, datopotamab deruxtecan; ddAC-

THP, dose-dense doxorubicin plus cyclophosphamide followed by paclitaxel, trastuzumab, and pertuzumab; HER2, human epidermal growth factor

receptor 2; HR, hazard ratio; HR+ BC, hormone receptor—positive breast cancer; HRD, homologous recombination—deficient; iDFS, invasive
disease—free survival; IHC, immunohistochemistry; mDOR, median duration of response; mo, months; mOS, median overall survival; mPFS, median

progression-free survival; NK, natural killer; ORR, objective response rate; PD-L1, programmed death ligand 1; SG, sacituzumab govitecan; T-DXd,

trastuzumab deruxtecan; T-DM1, trastuzumab emtansine; TNBC, triple-negative breast cancer.
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