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Abstract: Triple-negative breast cancer (TNBC) remains a therapeutic challenge due to its aggressive nature and lack of ER, PR and 
HER2 expression. Recent advances, however, are reshaping its treatment landscape, particularly with antibody-drug conjugates 
(ADCs) and immunotherapies. ADCs such as sacituzumab govitecan and datopotamab deruxtecan have demonstrated superior efficacy 
over standard chemotherapy in metastatic TNBC. Furthermore, combining these ADCs with immune checkpoint inhibitors is emerging 
as a powerful strategy to enhance antitumor activity, as evidenced by encouraging results from trials like MORPHEUS-panBC and 
BEGONIA. While most evidence currently centers on metastatic disease, these novel combinations are also being rapidly evaluated in 
neoadjuvant and adjuvant settings. Given this rapid progress, this article aims to summarize recent advances in ADCs and 
immunotherapy combinations for TNBC, discuss their synergistic mechanisms, and provide insights for future personalized ther
apeutic strategies. 
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Introduction
Breast cancer is the most common malignancy among women throughout the world, with an estimated 2.31 million new 
cases diagnosed and more than 0.66 million deaths worldwide in 2022.1 Triple-negative breast cancer (TNBC) is an 
aggressive subtype of breast cancer characterized by the lack of expression of estrogen receptor (ER), progesterone 
receptor (PR) and human epidermal growth factor receptor 2 (HER2).2 Predominantly occurred in young women, TNBC 
has a greater likelihood of recurrence and is associated with worse prognosis compared with other subtypes of breast 
cancer.3–5 Since TNBC patients cannot benefit from endocrine and anti-HER2 therapies, surgery, radiotherapy and 
conventional chemotherapy were considered as the state of the art for TNBC treatment.6 Fortunately, recent studies have 
unveiled the complex microenvironment and high tumor heterogeneity of TNBC. In response, multiomics-based 
classification systems like the “Fudan typing” have been proposed.7–10 This system classifies TNBC into four subtypes 
with distinct molecular features: (1) luminal androgen receptor (LAR), (2) immunomodulatory (IM), (3) basal-like 
immune-suppressed (BLIS), and (4) mesenchymal-like (MES).10 Consequently, these molecular alterations were assessed 
to identify various potential targets for TNBC treatment, such as epidermal growth factor receptor (EGFR) inhibitors, 
poly ADP-ribose polymerase (PARP) inhibitors, androgen receptor inhibitors and immune checkpoint inhibitors (ICIs) 
for TNBC patients.10,11
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In the past few years, ICIs have emerged as promising therapeutics for various solid tumors such as malignant 
melanoma, lung cancer, gastrointestinal cancers and cervical cancer,12,13 and TNBC is characterized by genomic 
instability, higher rates of mutation and more tumor-infiltrating lymphocytes (TILs), which implied that ICIs may be 
effective for TNBC.14,15 Previous clinical trials such as KEYNOTE-012 (NCT01848834) and KEYNOTE-086 
(NCT02447003) reported Pembrolizumab monotherapy had durable anti-tumor activity in PD-L1-positive metastatic 
TNBC patients,16,17 however the effect of ICI montherapy is limited in PD-L1-positive patients (about 20% of TNBC 
patients) and the KEYNOTE-119 trial (NCT02555657) showed Pembrolizumab did not significantly improve overall 
survival (OS) in metastatic TNBC patients compared with investigator-choice chemotherapy.18 Current efforts are 
concentrating on exploring ICIs combined with other therapies (radiotherapy, chemotherapy, PARP inhibitors, anti- 
angiogenic therapy and small molecule inhibitors) that may have synergistic benefits to improve patient outcomes, and 
expanding the patient population eligible for ICIs.19

Antibody-drug conjugates (ADCs) are innovative biopharmaceutical antibodies targeted to specific cell surface 
antigen (sAg) and conjugated to specific cytotoxic agents (payloads) via synthetic linkers. ADCs selectively deliver 
highly cytotoxic agents to tumors, offering a promising treatment approach for a range of cancers.20,21 For instance, 
Trophoblast cell-surface antigen 2 (Trop2) encoded by the TACSTD2 gene is a transmembrane glycoprote and highly 
expressed in TNBC patients.22 Sacituzumab govitecan (SG) is a first-in-class ADC that targets Trop-2 and conjugated 
with cytotoxic compound SN-38, which is the active metabolite of topoisomerase I inhibitor irinotecan, and SG 
monotherapy significantly improved PFS, OS and ORR in metastatic TNBC patients compared with chemotherapy.23 

In addition to ADC monotherapy, the current research focus is on the combinations of ADC with other therapies for the 
treatment of TNBC. Considering the rapid progress of TNBC research, we summarized recent advances in ADCs and 
immunotherapy combinations in TNBC, discussed the mechanisms underlying their synergistic effect and intended to 
provide a reference for crafting personalized therapeutic strategies for TNBC patients in the future.

Antibody-Drug Conjugates (ADCs) in TNBC
Trop2 is highly expressed in TNBC patients and over-expression of Trop2 is predictive of worse prognosis. SG was the 
first FDA-approved ADC drug targeting Trop2 for metastatic TNBC patients who received prior lines of treatment.22 

Unlike most ADCs that carry highly potent payloads with picomolar IC50 values and a limited therapeutic window, the 
relative lower potency of SN38 (with nanomolar IC50) allows for a higher drug-to-antibody ratio (DAR).24 In the 
multicenter Phase I/II basket trial IMMU-132-01 (NCT01631552), patients with various refractory metastatic epithelial 
cancers who had at least one prior line standard therapy received SG monotherapy. The results of TNBC subgroup 
showed the ORR of SG was 33.3%, and median OS and PFS were reported as 13.0 and 5.5 months, respectively.25 After 
the inspiring results of the IMMU-132-01 trial, the Phase III ASCENT trial (NCT02574455) was designed to investigate 
the efficacy of SG as subsequent-line treatment in metastatic TNBC patients compared with treatment of physician’s 
choice (TPC) chemotherapy. In the final analysis of the ASCENT trial, SG showed significantly improved PFS (4.8 
months vs 1.7 months), OS (11.8 months vs 6.9 months) and ORR (31% vs 4%) in metastatic TNBC patients compared 
with TPC chemotherapy.23 The subgroup analysis of ASCENT trial revealed that SG improved PFS, OS and ORR 
compared with TPC chemotherapy across all levels of Trop2 expression, and the improvement was more significant with 
higher Trop2 levels. The efficacy of SG in the Trop2 low expression group could be attributed to ADCs’ bystander effect, 
which means the killing of neighboring antigen-negative cells by antigen-positive cells that are targeted by ADCs and 
drugs are released.26 Following the inspiring results of the ASCENT trial, the ASCENT-03 trial (NCT05382299) was 
designed to further investigate the efficacy of SG as first-line treatment in metastatic TNBC patients compared with TPC 
chemotherapy.27 This study included patients with either PD-L1-negative or PD-L1-positive tumors who received an 
anti-PD-(L)1 inhibitor in the curative setting. The primary endpoints are PFS, and the study will enroll about 540 
participants. Apart from metastatic TNBC, the ongoing SASCIA trial (NCT04595565) was designed to evaluate the 
efficacy of SG in primary HER2-negative breast cancer patients with residual disease after standard neoadjuvant 
treatment.28 There are growing numbers of clinical trials investigating the combinations of SG with other agents, and 
the combinations of SG and immune therapies will be discussed in the following sections.

https://doi.org/10.2147/BCTT.S571054                                                                                                                                                                                                                                                                                                                                                                                                                                                 Breast Cancer: Targets and Therapy 2026:18 2

Chen et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Another Trop2-targeted ADC is Datopotamab deruxtecan (Dato-DXd), a humanized anti-Trop2 antibody conjugated 
with a potent topoisomerase I inhibitor DXd.29 Dato-DXd has longer half-life than SG, and it can remain in the circulation 
for a more prolonged duration.30 The TROPION-PanTumor01 trial (NCT03401385) was a Phase I study that investigated 
the efficacy and safety of Dato-DXd in patients with previously treated solid tumors, and the ORR was 31.8% and the 
median PFS was 4.4 months in the TNBC subgroup.31 This promising result led to the design of the ongoing TROPION- 
Breast02 trial (NCT05374512), which evaluated the efficacy and safety of Dato-DXd compared with chemotherapy in 
previously untreated locally recurrent inoperable or metastatic TNBC, who were ineligible for immune therapy.32

Sacituzumab tirumotecan, also known as SKB264 or MK-2870, is also a Trop2-targeted ADC developed with a novel 
linker and conjugated with a belotecan-derivative topoisomerase I inhibitor KL610023. The phase III trial OptiTROP- 
Breast01 (NCT05347134) was designed to compare the efficacy of SKB264 monotherapy with TPC chemotherapy in locally 
recurrent or metastatic TNBC.33 The interim analysis showed that the primary endpoint of PFS was met, and SKB264 
significantly improved PFS compared with TPC chemotherapy (5.7 months vs 2.3 months), and better PFS benefits were 
observed regardless of Trop2 expression levels according to subgroup analysis. The median OS was not reached with SKB264 
and 9.4 months with TPC chemotherapy, and the ORR was 43.8% with SKB264 and 12.8% with TPC chemotherapy.

Trastuzumab deruxtecan, also known as DS-8201a or T-DXd, is an ADC formed by conjugating an anti-HER2 
monoclonal antibody with Dxd.34 Previous phase II/III clinical trials have demonstrated that T-DXd showed reliable anti- 
tumor effect in HER2-postive metastatic breast cancer patients, leading to its approval for HER2-postive metastatic 
breast cancer.35,36 As an ADC targeting HER2, T-DXd also showed significant anti-tumor activity in HER2 low 
expression breast cancers.36 This phenomenon is also attributed to ADCs’ bystander effect, since about 60% of HER2- 
breast cancers are considered as HER2 low expression (score of 1+ on IHC or score of 2+ on IHC without gene 
amplification confirmed by FISH).37 The phase III DESTINY-Breast04 trial (NCT03734029) compared the efficacy of 
T-DXd with TPC chemotherapy in previously treated HER2-low metastatic breast cancer, and the results showed that 
T-DXd significantly improved PFS (8.5 months vs 2.9 months) and OS (18.2 months vs 8.3 months) compared with TPC 
chemotherapy in the metastatic TNBC subgroup.38 In addition, T-DXd is also effective in breast cancer patients with 
ultralow HER2 expression (score of 0 on IHC membrane staining). The DESTINY-Breast06 trial (NCT04494425) 
compared T-DXd with TPC chemotherapy in HR+, HER2 low and HER2 ultralow metastatic breast cancer patients 
who received prior endocrine therapy.39 In the HER2 ultralow group, T-DXd significantly improved PFS (13.2 months vs 
8.3 months) and ORR (61.8% vs 26.3%) compared with TPC chemotherapy. The NCCN guideline has recommended 
T-DXd and SG as second-line therapies for metastatic TNBC.

Combining ADCs and Immunotherapies for Locally Advanced/Metastatic 
TNBC
The success of ADC monotherapy in metastatic TNBC led to the progression of a series of studies investigating the 
combination of ADCs and other therapies in metastatic TNBC, especially ICIs (Table 1). The MORPHEUS-panBC 
(NCT03424005) was a phase Ib/II umbrella study that evaluated the efficacy and safety of multiple treatment combina
tions in inoperable locally advanced/metastatic breast cancer. Since Atezolizumab + nab-paclitaxel was approved for 
first-line treatment of PD-L1-positive locally advanced/metastatic TNBC, and SG was approved for second-line of 
metastatic TNBC, researchers compared the efficacy of Atezolizumab + SG with Atezolizumab + nab-paclitaxel in 
previously untreated PD-L1-positive locally advanced/metastatic TNBC. The interim analysis was inspiring, and it 
showed that the ORR was 76.7% (23/30) in the Atezolizumab + SG group and 66.7% (6/9) in the Atezolizumab + nab- 
paclitaxel group.40 It was notable that there were 5 complete responses (CR) among all responders in the Atezolizumab + 
SG group (5/26), while all responders were partial responses (PR) in the Atezolizumab + nab-paclitaxel group (6/6). 
Although follow-up data were immature, there was a trend towards benefit with the Atezolizumab + SG group over the 
Atezolizumab + nab-paclitaxel group in terms of PFS (12.2 months vs 5.9 months). The safety of Atezolizumab + SG 
combination was consistent with the individual drug.

There are other ongoing trials investigating the efficacy of SG and ICIs combination in locally advanced/metastatic 
TNBC. The ASCENT-04 trial (NCT05382286) is a phase III study investigating whether SG + Pembrolizumab could 
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Table 1 The Clinical Trials of ADCs and Immunotherapy Combinations in TNBC

Trial Name NCT 
Number

Phase Trial Design Study Population Treatment Primary 
Endpoints

Status

MORPHEUS- 

panBC

NCT03424005 Ib/II Open label, 

randomized 

umbrella study

Previously untreated PD-L1-positive locally advanced/ 

mTNBC

Arm 1: Atezolizumab + Nab-paclitaxel 

Arm 2: Atezolizumab + SG

ORR Active, not 

recruiting

ASCENT-04 NCT05382286 III Open label, RCT Previously untreated PD-L1-positive locally advanced/ 

mTNBC

Arm 1: Pembrolizumab + TPC 

chemotherapy 
Arm 2: SG + Pembrolizumab

PFS Active, not 

recruiting

InCITe NCT03971409 II Open label, RCT Locally advanced/mTNBC (subsequent line) Arm 1: Avelumab + Binimetinib + Liposomal 
doxorubicin 

Arm 2: Avelumab + SG 

Arm 3: Avelumab + Liposomal doxorubicin

BORR Recruiting

Saci-IO 

TNBC

NCT04468061 II Open label, RCT PD-L1-negative mTNBC Arm 1: SG + Pembrolizumab 

Arm 2: SG

PFS Recruiting

BEGONIA NCT03742102 Ib/II Open-label, 

platform study

Previously untreated locally advanced/mTNBC Arm 1: Durvalumab + Paclitaxel 

Arm 6: Durvalumab + T-Dxd 
Arm 7: Durvalumab +Dato-Dxd

Safety and 

tolerability

Active, not 

recruiting

TROPION- 
Breast05

NCT06103864 III Open label, RCT Previously untreated PD-L1-positive locally recurrent 
inoperable/mTNBC

Arm 1: Durvalumab + Dato-DXd 
Arm 2: Pembrolizumab + TPC 

chemotherapy

PFS Recruiting

NeoSTAR NCT04230109 II Open label, non- 

RCT

Previously untreated localized TNBC (neoadjuvant) Arm 1: SG 

Arm 2: SG + Pembrolizumab (after Arm 1 

completion, Arm 2 will open)

pCR rate Recruiting

I-SPY2.2 NCT01042379 II Open-label, 

platform study

Previously untreated stage II–III HER2-negative breast 

cancer

Arm 1: Durvalumab + Dato-DXd pCR rate Recruiting

ASCENT-05 NCT05633654 III Open label, RCT TNBC patients with residual disease (history of cT1, 

cN1-2 or cT2-4, cN0-2) who received at least 6 
cycles of neoadjuvant therapies

Arm 1: SG + Pembrolizumab 

Arm 2: Pembrolizumab ± Capecitabine

iDFS Recruiting

ASPRIA NCT04434040 II Open label, single 
arm study

TNBC patients with residual disease after 
neoadjuvant therapies (must be ctDNA positive)

Arm 1: SG + Atezolizumab Rate of 
undetectable 

ctDNA after 6 

cycles

Active, not 
recruiting
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TROPION- 

Breast03

NCT05629585 III Open label, RCT TNBC patients with residual disease after 

neoadjuvant therapies (stage I–III)

Arm 1: Dato-DXd + Durvalumab 

Arm 2: Dato-DXd 

Arm 3: TPC chemotherapy

iDFS Recruiting

TROPION- 

Breast04

NCT06112379 III Open label, RCT Previously untreated stage II–III TNBC or HR-low 

/HER2-negaitve breast cancer

Arm 1: 8 cycles of Dato-DXd + Durvalumab 

as neoadjuvant therapy prior to surgery, and 
9 cycles of Durvalumab as adjuvant therapy. 

Arm 2: 8 cycles of Pembrolizumab +  

chemotherapy as neoadjuvant therapy prior 
to surgery, and 9 cycles of Pembrolizumab 

as adjuvant therapy.

pCR rate and 

EFS

Recruiting
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improve efficacy outcomes over Pembrolizumab + TPC chemotherapy in first-line treatment in PD-L1-positive locally 
advanced/metastatic TNBC.41 The primary endpoint is PFS and secondary endpoints are OS, ORR, quality of life and 
safety, and it will enroll about 440 participants. The InCITe trial (NCT03971409) is a Phase II study exploring the 
combination of SG with Avelumab in metastatic or unresectable TNBC. The included patients should have received no 
more than two prior lines of therapies, have never been treated with SG and have not used more than one ICI. Patients are 
randomized into once of three arms: patients in arm A will receive avelumab, binimetinib (MEK 1/2 inhibitor) and 
liposomal doxorubicin, patients in arm B will receive avelumab and SG and patients in arm C will receive avelumab and 
liposomal doxorubicin. The primary endpoint is BORR (best overall response rate).

Since ICI monotherapy is not effective in PD-L1-negative metastatic TNBC, the phase II Saci-IO TNBC trial 
(NCT04468061) was designed to compare the efficacy and safety of SG + Pembrolizumab with SG monotherapy in PD- 
L1-negative metastatic TNBC.42 The included patients in the trial are treatment naïve (previously treated brain 
metastases were permitted) and the study will enroll about 220 participants, and the primary endpoint is PFS.

In addition to SG, there are also trials investigating other ADCs in combination with ICIs in locally advanced/ 
metastatic TNBC. The BEGONIA trial (NCT03742102) is an ongoing 2-part, open-label platform study in first-line 
treatment of locally advanced/metastatic TNBC. Initial results from arm 1 (Durvalumab + Paclitaxel) and arm 6 
(Durvalumab + T-Dxd for HER2-low-expressing TNBC patients) showed that ORR was 57% in arm 1 and 100% (4/ 
4, only 4 patients completed 2 on-treatment disease assessments) in arm 6.43 Although the sample size is limited, it 
showed promising safety and efficacy of Durvalumab + T-Dxd in first-line treatment of HER2-low-expressing metastatic 
TNBC, and the enrollment of patients in arm 6 is ongoing. Arm 7 of the BEGONIA trial evaluated the safety and efficacy 
of Dato-Dxd in combination with Durvalumab in first-line treatment of locally advanced/metastatic TNBC. The updated 
analysis showed that ORR was 79% (49/62) in arm 7 and 10% (6/62) of patients had a complete response, and ORR was 
not associated with PD-L1 expression.44 Median PFS was 13.8 months, and no new safety signals were observed. The 
TROPION-Breast05 (NCT06103864) is an ongoing trial comparing the efficacy of Dato-DXd + Durvalumab and 
chemotherapy + Pembrolizumab for first-line treatment in PD-L1-positive metastatic TNBC patients.45 In selected 
countries, there will be another arm of Dato-DXd monotherapy, which will include about 75 patients. The primary 
endpoint is PFS, and the study will enroll about 625 participants.

Combining ADCs and Immunotherapies for TNBC Neoadjuvant and 
Adjuvant Therapies
The KEYNOTE-522 trial (NCT03036488) demonstrated neoadjuvant Pembrolizumab + chemotherapy followed by 
surgery and adjuvant Pembrolizumab monotherapy was the current standard of care for stage II–III TNBC patients.46 

However, about 37% TNBC patients still had residual cancer burden after neoadjuvant therapy. After demonstrating the 
promising efficacy and safety of the combinations of ADCs and immunotherapies in metastatic TNBC, there are 
emerging clinical trials investigating their potential benefits in the context of neoadjuvant and adjuvant therapies.47 

The NeoSTAR trial (NCT04230109) enrolled 50 stage I–III TNBC patients who completed four cycles of neoadjuvant 
SG (after the SG cohort completion, the SG + Pembrolizumab cohort will open), and the results showed that the pCR rate 
was 30% (15/50), and the ORR was 64% (32/50).48 It was noteworthy that the pCR rate was 66.7% (6/9) in patients with 
a germline BRCA mutation. The 2-year event-free survival (EFS) was 95% in the whole cohort, and it was 100% among 
pCR patients.

I-SPY2.2 (NCT01042379), an adaptive platform trial for neoadjuvant breast cancer, utilizes biomarker-driven patient 
selection through its response predictive subtype (RPS) classification. Within this framework, the combination of Dato- 
DXd and durvalumab demonstrated significant activity, particularly in defined S1-S4 subgroups. The estimated pCR rate 
was 46% in TNBC cohort, and it exceeded the subtype-specific threshold of 40%.49 Most notably, in RPS S3 (HER2- 
Immune+) subtype, the pCR rate reached 72%, meeting the trial’s criterion for “graduation”, and the efficacy of Dato- 
Dxd + Durvalumab for TNBC neoadjuvant therapy warranted further investigation in RCT trials.

Given the high risk of recurrence in TNBC patients with residual disease after neoadjuvant therapies, it is urgent to 
explore innovative treatment combinations in the adjuvant setting for them. The ongoing phase III ASCENT-05 trial 
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(NCT05633654) evaluates the safety and efficacy of SG in combination with Pembrolizumab compared to 
Pembrolizumab ± Capecitabine in TNBC patients with residual disease.50 In addition, circulating tumor DNA 
(ctDNA) is an important prognostic factor for breast cancer who received neoadjuvant therapies, and ctDNA-negative 
non-pCR breast cancer patients had similar survival to those who achieved pCR.51 The ongoing single arm phase II 
ASPRIA trial (NCT04434040) investigates the safety and efficacy of SG in combination with Atezolizumab in patients 
with detectable ctDNA after completion of all local and systemic neoadjuvant therapy.

The TROPION-Breast03 (NCT05629585) is an ongoing phase III trial assessing the efficacy and safety of Dato-DXd 
± Durvalumab compared to investigator’s choice of therapy (Capecitabine, Pembrolizumab, or Capecitabine + 
Pembrolizumab) as adjuvant treatment in patients with residual disease after neoadjuvant therapies and surgery.52 

Following TROPION-Breast03, the TROPION-Breast04 (NCT06112379) is an ongoing phase III trial assessing neoad
juvant Dato-DXd + Durvalumab followed by adjuvant Durvalumab compared to Pembrolizumab-based standard of care 
in treatment-naïve stage II–III TNBC or HR-low/HER2-negaitve breast cancer.53 The included patients in the experi
mental arm will receive 8 cycles of Dato-DXd + Durvalumab followed by surgery and receive 9 cycles of Durvalumab as 
adjuvant therapy. For those patients who had residual disease after surgery, adjuvant chemotherapy will be given in 
combination with Durvalumab. Olaparib will be given in combination with Durvalumab in gBRCA-positive tumours and 
residual disease, but may not be given concurrently with chemotherapy. These ongoing studies hold the promise of 
pivotal breakthroughs, aiming to deliver tangible improvements in patient outcomes.

Mechanisms of ADCs and Immunotherapy Combinations
ADCs exert complex mechanisms of action which extend beyond the direct induction of cancer cell death through their 
cytotoxic payloads. Antibody-mediated receptor signaling blockade, the killing of neighboring antigen-negative cells 
(referred to as the bystander effect) and the activation of immune effector cells are additional mechanisms contributing to 
ADCs’ anti-tumor efficacy.20 Cancer cell death triggered by cytotoxic payloads of ADCs can be immunogenic or non- 
immunogenic, and certain cytotoxic compounds such as Anthracyclines, Oxaliplatin and Irinotecan have been reported to 
induce immunogenic cell death (ICD),54–56 which characterizes a specific type of cell death which triggers an immune 
response to antigens released by dying cells.57 Most of the cytotoxic payloads of ADCs could induce immunogenic cell 
death and enhance the anti-tumor efficacy of ICIs both in vitro and in vivo.58 Reasons for combining ADCs and 
immunotherapy are as follows: In the process of ICD, damage-associated molecular patterns (DAMPs) such as 
calreticulin (CRT), heat-shock proteins (HSPs), HMGB1 and ATP will be released into tumor microenvironment 
(TME).59 Immature dendritic cells (DCs) will be stimulated by DAMPs via CD91, TLR4 and P2RY2/P2RX7, and 
mature DCs will migrate into lymph nodes and activate naïve T-cells.60 Finally, antigen specific CD8+ T-cells infiltrate 
TME, then recognize and attack cancer cells. Since PD-L1 is widely expressed on cancer cells and other cells such as 
macrophages in the TME, activated CD8+ T-cells will be inhibited by PD-L1. At this point, ICIs could block the immune 
cell suppression and have the potential to achieve durable anti-tumor activity (Figure 1). In addition, certain cytotoxic 
compounds such as tubulin inhibitor Vinblastine could directly activate DCs, which is independent of its anti-mitotic 
activity on cancer cells.61,62

ADCs are antibody and cytotoxic payloads conjugates, whereas the antibody moiety is not only just a vehicle for 
cytotoxic payloads delivery. The two antigen-binding fragments (Fabs) are responsible for target antigen recognition, 
while the crystallizable fragment (Fc) could promote macrophage-mediated antibody-dependent cell-mediated phagocy
tosis (ADCP), NK cell-mediated antibody-dependent cell-mediated cytotoxicity (ADCC) and complement-dependent 
cytotoxicity (CDC).63 For example, preclinical studies reported that T-DXd had similar binding activity to HER2 and 
ADCC activity compared with anti-HER2 antibody.34 In addition, SG could induce strong ADCC activity in cancer cells 
with high Trop2 expression, but not in Trop2-negative cancer cells.64
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Challenges in Combining ADCs and Immunotherapies for TNBC 
Treatment
Despite promising efficacy from preliminary clinical trials, the combination therapy of ADCs and immunotherapies still 
faces challenges spanning biological complexity and real-world clinical implementation. First, potential overlapping 
adverse events of ADCs and immunotherapies combination therapy should be concerned. The common ADCs-related 
adverse events include hematologic (eg, neutropenia), gastrointestinal (eg, diarrhea, nausea), and oral mucositis, as well 
as rash and ocular surface events.31,65,66 Severe toxicities, particularly grade ≥3 oral mucositis and treatment-related 
diarrhea, hematologic adverse events, are leading causes of dose reductions, interruptions, or discontinuations, thereby 
directly impacting treatment intensity and clinical outcomes.31,66 Additionally, immune-mediated adverse events encom
pass hypothyroidism, hyperthyroidism, pneumonitis, severe skin reactions and so on.67 The overlapping adverse events 
of particular concern include pneumonitis and dermatologic reactions, which may be more frequent or severe when 
ADCs are combined with ICIs. Therefore, proactive toxicity management strategies such as rigorous patient selection, 
early biomarker monitoring and standardized algorithms for toxicity mitigation are essential.

Figure 1 Mechanisms of ADCs and immunotherapy combinations. Cancer cell are killed by cytotoxic payloads of ADCs and dying cells released DAMPs into TME. DCs will 
be stimulated by DAMPs and migrate into lymph nodes and activate naïve T-cells. Antigen specific CD8+ T-cells infiltrate TME, then recognize and attack cancer cells. 
Activated CD8+ T-cells will be inhibited by PD-L1 which is widely expressed on cancer cells. At this point, ICIs could block the immune cell suppression and have the 
potential to achieve durable anti-tumor activity. (The Figure was created by Figdraw).
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Drug resistance represents one of the most formidable challenges in antineoplastic therapy. The antitumor activity of 
ADCs depends on both the antibody and the payload, thus the resistance mechanisms may include target antigen 
downregulation, payload resistance, impaired immune infiltration or upregulation of alternative immune checkpoints.68 

Research identified that absence of TROP2 expression was associated with de novo resistance to SG, while mutated 
TACSTD2 drove acquired resistance, which led to reduced binding due to an altered subcellular localization of TROP2.69 

As for immunotherapy, loss of tumor-specific antigens, antigen presentation deficiency, and failure to initiate an immune 
response can all lead to immune evasion, resulting in resistance to PD-1/PD-L1 antibodies.70 Future research should 
focus on identifying resistance biomarkers to guide therapy adaptation, such as ctDNA, antigen expression patterns or 
T-cell clonality.

Due to the heterogeneity of TNBC, the success of ADCs and ICIs varies among patients. Identifying reliable 
biomarkers to predict therapeutic response is essential for tailoring treatments to individual patients. Clinical trials, 
including BEGONIA, NeoSTAR and ASCENT, incorporated the assessment of TILs, PD-L1 and TROP2 expression 
status as exploratory predictive biomarkers for pathological response, while TROP2 expression failed to demonstrate its 
predictive value.44,48,71 The investigation of these biomarkers is primarily target-based, potentially leading to oversight of 
resistance mechanisms or predictive factors residing outside the primary drug-target axis. Recent years, the advancement 
of technologies such as liquid biopsy and genetic testing has driven significant progress, some emerging biomarkers, such 
as immune signatures, tumor mutation burden, and ctDNA, show potential for predicting the efficacy of anti-tumor 
therapy.49,72,73 Integrating genomic, transcriptomic and proteomic data may help identify patient subgroups who most 
likely to benefit from specific ADCs and immunotherapy combinations. Moreover, dynamic monitoring of ctDNA and 
immune markers during treatment may provide early insights into response and resistance, enabling adaptive therapy 
modifications.

Future Perspectives
The rapidly evolving landscape of TNBC treatment holds great promise for the combinations of ADCs and immu
notherapies. While significant progress has been made, several unresolved challenges and emerging opportunities may 
influence the future of TNBC treatment. First, there is a pressing need for a deeper understanding of the complex 
mechanisms underlying the synergistic effect between ADCs and immunotherapies. Future studies should aim to clarify 
how ADCs interact with TME and improve the effectiveness of ICIs, which could provide insights into optimizing 
combination strategies. Novel combinations of ADCs and immunotherapies such as Sacituzumab tirumotecan and 
Pembrolizumab need to be further explored. Second, despite that the combinations of ADCs and immunotherapies 
have acceptable toxicity in multiple clinical trials, ICIs may increase the risk of immune-associated disease such as 
interstitial lung disease and skin reactions, so more attention needs to be paid to the toxicity management of combination 
therapies. Third, overcoming resistance to combinations of ADCs and immunotherapies will be a major challenge. TNBC 
is a heterogeneous disease and understanding the mechanisms of resistance is a priority for future research, which could 
involve the identification of resistance biomarkers and the development of novel combination therapies. Advances in 
multi-omics profiling and liquid biopsy technologies may facilitate the treatment of TNBC towards personalized 
medicine.

In the near future, the treatment paradigm for metastatic TNBC is expected to evolve from sequential monotherapy 
towards biomarker-informed combination regimens, like ADC + ICI, aiming for more durable responses. As for early- 
stage TNBC patients, these combinations hold the potential to redefine neoadjuvant therapy, moving beyond traditional 
chemotherapy towards targeted, “chemo-minimizing” protocols to improve pathological complete response rates. The 
success of these combinations will be critically dependent on the routine adoption of advanced molecular profiling (eg, 
target expression, immune signatures and ctDNA) to stratify patients into optimal therapeutic pathways. In conclusion, 
the combinations of ADCs and immunotherapies represent a promising treatment modality for TNBC. As more evidence 
from ongoing trials accumulates, the future of TNBC treatment may lie in personalized approaches that exploit the full 
potential of ADCs and immunotherapies.
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