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Antibody–drug conjugates (ADCs), with antibodies targeted against specific antigens linked to cytotoxic payloads,

offer the opportunity for a more specific delivery of chemotherapy and other bioactive payloads to minimize side

effects. First approved in the setting of HER2+ breast cancer, more recent ADCs have been developed for triple-

negative breast cancer (TNBC) and hormone receptor-positive (HR+) breast cancer.

antibody–drug conjugates  breast cancer  targeted therapies

1. Introduction

Antibody–drug conjugates (ADCs), novel agents that use selective targeting by monoclonal antibodies to deliver

cytotoxic chemotherapies and other bioactive payloads to cells expressing a particular antigen, seek to deliver

highly potent agents while minimizing off-target toxicity. In recent years, successful trials of ADCs in breast cancer

and other malignancies have demonstrated that ADCs can be effective and limit toxicity, in some cases supplanting

traditional chemotherapy. While these agents have had marked success, particularly in the metastatic setting,

almost all advance-stage patients treated with ADCs develop resistance. Efforts to characterize and define the

mechanisms to explain resistance have incorporated both pre-clinical models and clinical investigation, spanning

genomics to proteomics and even direct visualization of resistant cell lines. Altogether, recent discoveries of the

processes mediating resistance provide hope for new innovations that expand the therapeutic window of these

highly active therapies.

2. Mechanism of Action

ADCs are composed of an antibody targeting an antigen associated with malignancy, combined through a linker

with a cytotoxic moiety, allowing for a more specific delivery of chemotherapy. The ADC binds a receptor on the

target cell and is then internalized into the cell through receptor-mediated endocytosis. Once inside the cell, the

antibody and cytotoxic agent are separated in the lysosome, where the linker is cleaved, releasing the payload.

Targeting cells via antibodies aims at specifically delivering the payload while minimizing toxicity, enabling the use

of chemotherapy as much as 100 to 1000 times more concentrated than standard cytotoxic chemotherapy .

The antibody selected for use in ADCs is often immunoglobulin G (IgG), most often the IgG1 subclass. Antigen

targets are ideally ubiquitous in malignant cells but are rarely found in normal cells, to limit off-target toxicity .

Antibodies are connected to payloads through novel linkers that vary in properties, in ways that can be manipulated
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for therapeutic use. Linkers can be non-cleavable, requiring additional processing to release their payload, or

cleavable, in the event of tumor-specific factors such as a change in pH or enzyme. Cleavable linkers provide the

advantage of a more efficient delivery of the chemotherapy payload and may be more likely to impact neighboring

antigen-negative cells, which may or may not be desirable. In contrast, non-cleavable linkers may deliver their

payload with more specificity but may also need additional processing such as lysosomal degradation, which can

impact the payload . The chemotherapy agents used are typically more potent than can be tolerated in a

conventional delivery. Agents of choice include auristatins, calicheamicins, maytansinoids, and camptothecin

analogues .

ADCs can also be categorized by their drug-to-antibody ratio (DAR), a measure of the number of chemotherapy

moieties conjugated to each antibody. In theory, ADCs with a higher DAR would be expected to be more potent,

although in some situations drugs with higher DARs were found to have an increased hepatic clearance that may

limit their efficacy . ADCs were first demonstrated to have efficacy in settings where cancer was relapsed or

refractory to standard chemotherapy treatments. The success in ADCs vs. standard therapy in these cases may be

related to the increased heterogeneity in pretreated tumors. This efficacy may be mediated by the “bystander

effect”, where tissues adjacent to those expressing the target antigen are also targeted by the cytotoxic payload 

. This effect was observed in early studies of the ADC trastuzumab deruxtecan (T-DXd), where HER2- cells’

neighboring cells that were expressing HER2 were also targeted by the agent . While this mechanism provides

impact in heterogeneous tumors, given decreased specificity there is an increased risk of toxicity .

3. ADCs Approved in Breast Cancer

Trastuzumab emtansine, known as T-DM1, was the first antibody–drug conjugate approved for use in breast

cancer. In the TH3RESA trial, T-DM1 demonstrated an improved PFS (6.2 months vs. 3.3 months, HR 0.528) and

later overall survival compared to the treatment of physician’s choice for patients with HER2+ breast cancer who

had already previously received two prior lines of chemotherapy including a taxane in any setting and

trastuzumab/lapatinib for an advanced disease . Notably, T-DM1 retained activity against tumors that had

progressed on prior HER2-directed therapy, an early indication that antibody–drug conjugates may have renewed

efficacy against previously exploited targets. In the EMILIA study, HER2+ metastatic breast cancer previously

treated with trastuzumab and a taxane demonstrated an improved PFS (9.6 vs. 6.4 months, HR 0.68) compared to

lapatinib/capecitabine and also demonstrated an improved overall survival (30.9 months vs. 25.1 months, HR 0.68,

p < 0.001). This result elevated T-DM1 to a second-line therapy for metastatic HER2+ disease . While early

studies demonstrated promise, there were some limitations to the success of the agent, as seen in the MARIANNE

study, where T-DM1 with and without pertuzumab was not superior to the combination of trastuzumab and a taxane

as the first-line therapy for metastatic breast cancer . In the KRISTINE trial, T-DM1 and pertuzumab (P) were

less effective in leading to a pathologic complete response (pCR) than TCHP for neoadjuvant use in early-

stage/local HER2+ breast cancer . Notably, 44% in the T-DM1+P arm still achieved pCR without the use of

cytotoxic chemotherapy, suggesting some role for this type of de-escalation in the future. Patients who had a

progression prior to surgery were more likely to have heterogeneous HER2 expression, suggesting that patients
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with a high/more homogenous HER2 staining could be selected for targeted de-escalation in a different setting .

Finally, the KATHERINE trial demonstrated the effective use of T-DM1 for patients with residual HER2+ disease

after neoadjuvant use of trastuzumab and a taxane, with invasive disease found in 12.2% of the cohort that had

received 14 cycles of T-DM1 after surgery, compared to 22.2% of the group that received trastuzumab after

surgery .

The next antibody–drug conjugate approved for use in breast cancer was sacituzumab govitecan (SG), composed

of a monoclonal antibody targeting TROP-2 that is connected via a cleavable linker to SN-38, an irinotecan

metabolite  (Figure 1). SG obtained approval based on the ASCENT trial, a phase III trial comparing SG vs.

single agent chemotherapy in patients with metastatic triple-negative breast cancer (TNBC) who had received two

prior lines of chemotherapy. Patients treated with SG were found to have an improved PFS of 5.6 months

compared to 1.7 months for those receiving the treatment of physician’s choice, along with an improved median

overall survival of 12.1 months vs. 6.7 months in the TPC (treatment of physician’s choice) group . As a result of

these data, SG received full FDA approval for treatment of mTNBC as a second-line treatment, the first approved

ADC for metastatic mTNBC , and in 2023 also received approval for patients with metastatic Hormone Receptor

Breast cancer.

Figure 1. Structure of sacituzumab govitecan. Figure created on BioRender.

Finally, trastuzumab deruxtecan (T-DXd) was most recently the second antibody–drug conjugate approved for use

in HER2+ advanced breast cancer and has also defined a new class of “HER2-low” disease. T-DXd is composed of

trastuzumab combined via a cleavable linker with deruxtecan, a topoisomerase-I inhibitor. This compound has a

relatively high drug:antibody ratio of 8:1, a property along with the linker structure that may explain its efficacy in

patients with heterogeneous HER2 expression . T-DXd was studied in a series of trials known as the

DESTINY-Breast trials, with many still ongoing. In DESTINY-Breast 01, T-DXd demonstrated a confirmed response
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of 60.9% in patients with metastatic HER2+ breast cancer previously treated with T-DM1, with a median

progression-free survival of 16.4 months . T-DXd was compared directly to T-DM1 in DESTINY-Breast 03,

demonstrating an overall response rate of 79.7% in the T-DXd group vs. 34.2% in the T-DM1 group, with a median

PFS that was unable to be calculated due to ongoing treatment in the T-DXd group, compared to 6.8 months in the

T-DM1 group . As noted above, T-DXd demonstrated efficacy in clinically HER2-negative patients with

heterogeneous HER2 expression, effectively creating a new clinical categorization of patients with HER2-low

disease (IHC 1+ or IHC 2+ without FISH amplification). In the DESTINY-Breast 04 trial, patients classified as

HER2-low who, like above, had metastatic disease and had previously received 1–2 lines of therapy demonstrated

an improved response to T-DXd compared to TPC, with a median PFS of 9.9 months vs. 5.1 months in TPC, and

OS of 23.4 months in the T-DXd group vs. 16.8 months in the TPC cohort .
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