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A B S T R A C T   

Triple negative breast cancer (TNBC) represents the breast cancer subtype with least favorable 
outcome because of the lack of effective treatment options and its molecular features. Recently, 
ADCs have dramatically changed the breast cancer treatment landscape; the anti-TROP2 ADC 
Sacituzumab Govitecan has been approved for treatment of previously treated, metastatic TNBC 
patients. The novel ADC Datopotecan-deruxtecan (Dato-DXd) has recently shown encouraging 
results for TNBC. In the current paper, we summarize and discuss available data regarding this 
TROP-2 directed agent mechanism of action and pharmacologic activity, we describe first results 
on efficacy and safety of the drug and report characteristics, inclusion criteria and endpoints of 
the main ongoing clinical trials.   

1. Introduction 

Several drugs with novel mechanisms of action – including antibody drug conjugates (ADC) – have been and are currently being 
tested for advanced and metastatic solid tumors, including breast cancer [1]. ADCs present high selectively and low systemic toxicities, 
and this definition was firstly proposed by Paul Ehrlich [2], which described the idea of “magic bullets” suggesting the concept that 
specific targets may directly enter into cells in order to treat diseases [3]. 

ADCs represent a novel class of drugs which are able to selectively deliver chemotherapeutic compounds into cancer cells, with less 
toxicity compared with standard chemotherapy [4,5]. Of note, ADCs share some characteristics with monoclonal antibodies and small 
molecule drugs, with the aim of enabling targeted delivery on non-tumoral cells while boosting the antitumor effect of the cytotoxic 
compound [6]. Typically, ADCs are composed of three different parts: a small-molecule drug or cytotoxic payload; the monoclonal 
antibody, which has a selective activity against tumor-associated cell surface antigens; a stable linker, that releases the cytotoxic agent 
in target cells [7]. According to the selective mechanism of action, ADCs typically target receptors that are over-expressed in tumor 
cells, but are low in normal tissues including HER2, CD33, CD30, CD22, and TROP-2 [8,9]. 

ADCs have been approved for the treatment of HER2 overexpressed breast cancer based on the relevant evidence of efficacy of this 
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therapeutical approach. Trastuzumab emtansine (T-DM1) was the first ADC which was approved for treatment of early and advanced 
HER2 overexpressed breast cancer; according to its structure, T-DM1 contains trastuzumab and the microtubule inhibitor DM1 
[10–12]. Moreover, T-DM1 has also reported practice-changing results in the adjuvant setting in high-risk patients according to the 
results of KATHERINE trial which demonstrated an advantage in Invasive Disease Free Survival (IDFS) compared to trastuzumab alone 
[13]. 

An important, recent example of anti-HER2 ADC is trastuzumab deruxtecan (T-DXd), which has shown notable results in breast 
cancer patients [14]. Similar to T-DM1, T-DXd is composed of a mAb of trastuzumab, but its Drug-Antibody-Ratio (DAR) is consid
erably higher than T-DM1 (8 vs 3.5); in addition, T-DXd has a topoisomerase I inhibitor, differently to T-DM1 it is membrane 
permeable, and this makes its capable of exerting a bystander effect [15]. Results of DESTINY-Breast03 showed a significant advantage 
in term of DFS and OS: at 12 months, the percentage of patients who were alive without disease progression was 75.8% (95% CI, 
69.8–80.7) with T-DXd compared with 34.1% (95% CI, 27.7–40.5) of T-DM1; the hazard ratio (HR) for disease progression or death 
from any cause was 0.28 (95% CI, 0.22–0.37; P < 0.001) [16]. 

TROP-2 (or tumor-associated calcium signal transducer 2, TACSTD2) has recently emerged as an important therapeutic target in 
several tumors, including breast cancer, with the development of anti-TROP-2 agents, such as Sacituzumab Govitecan (SG) [17–19]. 
SG is an ADC composed by a mAb against human trophoblast cell-surface antigen 2 (TROP-2) linked to SN-38, an active derivate of 
irinotecan that is an inhibitor of topoisomerase 1. Results of ASCENT phase III trial that evaluated the efficacy of SG vs standard 
chemotherapy in patients affected by metastatic triple negative breast cancer (TNBC) have been recently reported: PFS was 5.6 vs. 1.7 
months (HR = 0.41; 95% CI: 0.32–0.52; P < 0.001), OS was of 12.1 vs. 6.7 months (HR = 0.48; 95% CI: 0.38− 0.59; P < 0.001) [20]. 

Based on the efficacy of SG, a novel ADC against TROP-2 has been emerging. Datopotamab Deruxtecan (Dato-DXd) has been 
assessed as monotherapy and is being tested in combination with immune checkpoint inhibitors (ICIs) and other immunotherapeutic 
approaches, and some promising clinical data are available. In the current manuscript, we provide a summary of the recently presented 
and published data regarding Dato-DXd in metastatic breast cancer, with a specific focus on mechanism of action, pharmacological 
properties, and future research avenues. 

2. Mechanism of action 

As briefly reported, Dato-DXd is an ADC, whose mechanism of action is based on the delivering of a cytotoxic agent to tumor cells 
giving to the drug maximum selectivity and minimal toxicities. Dato-DXd is a TROP-2 directed ADC consisting of a humanized anti- 
TROP-2 IgG1 monoclonal antibody (Mab) linked to a topoisomerase I inhibitor payload by tetrapeptide-based cleavable linker [21] 
(Fig. 1). 

TROP-2 is a trophoblast cell surface antigen involved in calcium signal and the TACSTD2 gene produces this protein; TROP-2 is 
involved in several cells signaling pathways since it has been reported to play a key role in placenta formation, the development of 

Fig. 1. Schematic figure representing the structure of the humanized, anti-TROP-2 agent Datopotamab Deruxtecan.  
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Table 1 
Summary of available data regarding TROPION-PanTumor01 and BEGONIA.  

NCT Number/Trial 
name 

Trial Design/Patient 
Population 

Characteristics Number 
of pts 

Intervention Primary 
endpoint 

Clinical Trial Data Safety 

NCT03401385, 
TROPION- 
PanTumor01 

FIH trial with Datopotamab 
deruxtecan in refractory 
metastatic 
TNBC (N = 44) 

A Phase 1, Two-Part, Multicenter, Open- 
Label, Multiple-Dose, First-in-Human Study of 
Dato-DXd in Patients With Advanced/ 
Metastatic Solid Tumors 

770 Drug: 
Datopotamab 
Deruxtecan (Dato- 
DXd) 
Drug: Steroid 
Containing 
Mouthwash 
Other: Non-Steroid 
Containing 
Mouthwash 

Safety and 
tolerability 

ORR 32% (ORR- 
44% in Topo I 
inhibitors-naive 
patients) 

G3 AEs were observed in 52% of 
pts. 
Most common TEAEs (any grade, 
grade ≥3) were stomatitis (73%, 
11%), nausea (66%, 2%), and 
vomiting (39%, 5%) 

NCT03742102 
BEGONIA trial 

Phase Ib/II platform trial with 
Datopotamab deruxtecan +
durvalumab in first-line 
metastatic TNBC (N = 29) 

Multi-center, Open-Label, Platform Study 
Evaluating the Efficacy and Safety of 
Durvalumab in Combination With Novel 
Oncology Therapies for First-Line Treatment 
in Patients With Metastatic TNBC 

210 Drug: Durvalumab 
Drug: Capivasertib 
Drug: Oleclumab 

Safety and 
tolerability 

ORR 79% 
Median DoR not 
reached 
Responses were 
seen regardless of 
PD-L1 expression 

G3/4 AEs were observed in 36% of 
pts. 
Most common TEAEs (any grade, 
grade ≥3) were gastrointestinal 
(nausea in 26 patients [55%] and 
stomatitis in 24 patients [51%])  
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embryony, and the proliferation of stem cells with a regulatory role in cell-cell adhesion [22]. Several recent studies showed that 
TROP-2 may stimulate cancer growth and the upregulation of TROP-2 is frequently found in tumor cells [23]. TROP-2 regulatory 
network is linked to the complex of transcription factors which includes TP63/TP53L, WT1, GLIS2, AIRE, FOXP3, HNF1A, which are 
associated with tumorigenesis, and in fact, when TROP-2 is overexpressed, it acts as an oncogene promoting tumor cells proliferation 
[24,25]. All breast cancer subtypes are characterized by overexpression of TROP-2; however, Aslan et al. recently showed that it is 
most elevated in TNBC rather the in hormone receptor positive or HER 2 positive BC [26]. Ping Zeng and colleagues recently suggested 
in their meta-analysis evaluating 2569 patients that TROP-2 overexpression in solid tumors may represent a poor prognostic factor, 
since the authors observed a statistically significant association with shorter OS and DFS [27]. TROP-2 is also expressed in normal 
epithelial tissues of heart, liver, kidney, lung, skin and esophagus, but expression is lower than tumor cells, something that makes 
TROP-2 an ideal therapeutic target[28,29]. 

Dato-DXd uses IgG1 Mab to bind to TROP-2; after the linking, the ADC is internalized into the tumor cells where it is released. In its 
turn, the internalization leads to formation of endosomes and subsequently of lisosomes where the proteolytic environment causes the 
releases of payload from Mab [30]. Then, topisomerase I diffuse into cell cytoplasm producing DNA damage and necessarily cellular 
apoptosis [31]. 

3. Chemistry; pharmacodynamics; pharmacokinetics and metabolism 

Among its cytotoxic mechanisms against tumor cells, Dato-DXd induces DNA damage and apoptosis by the release and accumu
lation of DXd [32]. DXd is an exatecan-derivative that is covalently linked to ADC via a peptidyl spacer (Gly-Gly-Phe-Gly), which is 
stable in circulation [33]. The effect of DXd was verified by evaluating the induced phosphorylation of H2AX, KAP1 and Chk1. The 
drug to antibody ratio (DAR) of Dato-DXd is 4:1, and the specific features of the linker makes Dato-DXd highly stable in circulation. 
Specifically, the payload of Dato-DXd is very potent – more than ten times than sacizutumab govitecan SN-38 – and this ADC has a long 
half-life. The longer half-life of Dato-DXd allows a Q3 week dosing schedule and Dato-DXd is eliminated mainly via bile/faeces with 
negligible metabolism, including glucuronidation or oxidation [21,34]. According to Ogitani et al., data on the pharmacokinetic 
profiles of Dato-DXd in cynomolgus monkeys are comparable to trastuzumab deruxtecan (DS-8201a). Indeed in cynomolgus monkeys 
pharmacokinetics and safety profiles of DS-8201a were favorable supporting DS-8201a’s being well tolerated in humans [35]. 

4. Clinical trials: preliminary efficacy, safety and tolerability 

Preliminary data posted about efficacy and safety profile of Dato-DXd for triple-negative breast cancer (TNBC) are encouraging. 
TROPION-PanTumor01 is an ongoing, first-in-human, dose-escalation and -expansion, phase 1 study of Dato-DXd in patients with 
advanced solid tumors, including TNBC. Updated results of TROPION-PanTumor01 (NCT03401385) about Dato-DXd activity in TNBC 
were presented as Poster Discussion at the San Antonio Breast Cancer Symposium 2022 (Abstract#P6-10-03). Dato-DXd showed highly 
encouraging and durable efficacy and demonstrated a manageable safety profile with no new safety signals. 44 heavily pretreated 
patients (median of 3 lines of treatment for metastatic disease including taxanes, anthracyclines, capecitabine, platinum, immuno
therapy, PARP-inhibitors) received dato-DXd at 6 mg/kg or 8 mg/kg every 3 weeks. According to the results of this study, 86% of 
patients discontinued the treatment for disease progression (PD or clinical progression), 4 pts are still in active treatment. 

Overall Response Rate (ORR) in all subjects was 32%, Disease Control Rate (DCR) 80%, and clinical benefit rate 34%. In patients 
who had received a prior treatment with topoisomerase inhibitor-based ADC, ORR was 44%, mPFS 7.3 mo (95% CI, 3.0-NE) and mOS 
14.3 mo (95% CI, 10.5-NE) (Table 1). 

In the intention-to-treat population, median duration of response (mDOR) was not yet reached; mPFS was 4.3 months (95% CI, 
3.0–7.3), and mOS 12.9 months (95% CI, 10.1–14.7). Safety profile was manageable: adverse effects treatment emergent (TEAEs) 
occurred in all patients and half of these events were Grade (G) ≥3. Most common G3 TEAEs were stomatitis, nausea, vomiting, fatigue, 
and alopecia; G4 events were reported in 20% of subjects, while there were no treatment-related deaths. 

BEGONIA trial (NCT03742102) is an ongoing phase 1b/2 study, whose preliminary results were presented at San Antonio Breast 
Cancer Symposium 2022 (Abstract#PD11-09). The study has the aim to determine the efficacy and safety of durvalumab (D) in 
combination with novel oncology therapies with or without paclitaxel and durvalumab plus paclitaxel as first-line treatment for 
treatment-naïve metastatic TNBC. PD-L1 assessment was performed by using VENTANA PD-L1 SP263. Dato-DXd was administered at 
6 mg/kg with durvalumab at 1120 mg every 3 weeks until progression or unacceptable toxicity. 

Early results of the study are encouraging. 47 patients received the combination of dato-DXd and D, and 33 were included in 
efficacy analysis. ORR was 79% (95% CI, 61–91), with complete response (CR) observed in 6% of patients and partial response (PR) in 
73% of cases. Median DOR was not reached. According to subgroup analyses, no statistically significant association between tumor 
response and PD-L1 expression was reported. In addition, the combination reported a manageable safety profile. Adverse Events (AEs) 
occurred in 87% of patients, and 36% of patients experienced G3/4 toxicity. Nausea and stomatitis were the most common AEs 
observed, and dose reduction was required in 19% of cases. No deaths for treatment-related AEs were detected. 

5. Ongoing clinical trials 

Safety and efficacy of Dato-DXd has nowadays been evaluated; many trials are ongoing and results, not yet accessible, will be 
interesting and helpful to better understand pharmaceutical characteristics of this ADC. 

There are two ongoing phase III TROPION-Breast trials with dato-DXd versus investigator’s choice of chemotherapy in patients 
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with metastatic TNBC [36]. 
TROPION-Breast01 (NCT05104866) aims to assess Dato-DXd compared with investigator’s choice of standard of care single-agent 

chemotherapy (including agents such as gemcitabine, capecitabine, eribulin, or vinorelbine) in 725 participants with inoperable or 
metastatic HR-positive, HER2-negative breast cancer previously treated with one or two prior chemotherapies. Patients are ran
domized 1:1 to DatoDXd 6 mg/kg IV Q3W or single-agent chemotherapy until progression. Primary endpoints are progression-free 
survival (PFS) and overall survival (OS); secondary endpoints are PFS per investigator, ORR, disease control rate, pt-reported out
comes, and Dato-DXd pharmacokinetics and immunogenicity. 

The phase III, open-label, randomized TROPION-Breast02 (NCT05374512) study is evaluating Dato-DXd (6 mg/kg every 3 weeks) 
compared with investigator’s choice of chemotherapy (paclitaxel, nab-paclitaxel, capecitabine, carboplatin or eribulin) in 600 par
ticipants with TNBC who are not candidates for PD-1/PD-L1 inhibitor therapy (Table 2). The dual primary endpoints of TROPION- 
Breast02 are PFS assessed by blinded independent central review and overall survival. Secondary endpoints include PFS assessed 
by investigator, objective response rate, duration of response, disease control rate, pharmacokinetics and safety. 

The phase III, randomized, open-label, 3-arm, multicenter, international TROPION-Breast 03 (NCT05629585) study is evaluating 
the efficacy of Dato-DXd with or without combination with durvalumab in the neoadjuvant setting in participants with stage I to III 
TNBC who have residual invasive disease in the breast and/or axillary lymph nodes at surgical resection. The study design includes 
1075 participants, two experimental arms with Dato-DXd in combination and without durvalumab and a control arm with In
vestigator’s choice treatment (capecitabine and/or pembrolizumab). The first patients were enrolled in November 2022. 

The TROPION-PanTumor02 is a Phase 1/Phase 2 designed to evaluate the efficacy, safety, Pharmacokinetic, and immunogenicity 
of Dato-DXd in adult Chinese participants with advanced or metastatic solid tumors. This is the first time Dato-DXd is being studied in 
Chinese population. The primary objective of the study is to estimate the effectiveness of Dato-DXd by assessment of confirmed ORR by 
independent central review. 

6. Future perspectives and conclusions 

Despite notable advances in treatment of metastatic TNBC following the advent of novel therapeutic options, ranging from ICIs to 
PARP inhibitors and ADCs, several challenges persist in the treatment of this tumor, and the need for more effective therapies still 

Table 2 
Summary of ongoing clinical trials exploring the role of Dato-DXd as monotherapy or in combination with other anticancer agents.  

NCT Number/Trial 
name 

Trial Design/Patient 
Population 

Characteristic Number 
of pts 

Intervention Primary endpoint 

NCT05460273, 
TROPION- 
PanTumor02 

Phase 1/Phase 2 trial 
assessing the efficacy and 
safety of Dato-DXd in 
inoperable locally advanced 
or metastatic TNBC in 
Chinese population (N = 15) 

Multicentre, open-label, multiple- 
cohort study, which is designed to 
evaluate the efficacy, safety, 
Pharmacokinetic, and 
immunogenicity of Dato-DXd in 
adult Chinese participants 
compared with ICC in inoperable 
locally advanced or metastatic 
TNBC who have received at least 2 
prior chemotherapy regimens 

118 Drug: Datopotamab 
Deruxtecan (Dato-DXd) 

Efficacy and safety 

NCT05104866, 
TROPION- 
Breast01 

Phase 3 evaluate the safety 
and efficacy of Dato-DXd in 
participants with inoperable 
or metastatic TNBC 

Open-label, randomized study of 
Dato-DXd versus investigator’s 
choice of chemotherapy in 
participants with inoperable or 
metastatic HR-positive, HER2- 
negative breast cancer who have 
been treated with one or two prior 
lines of systemic chemotherapy 

733 Drug: Dato-DXd Drug: 
Capecitabine Drug: 
Gemcitabine Drug: Eribulin 
Drug: Vinorelbine 

PFS and OS 

NCT05374512, 
TROPION- 
Breast02 

Phase-3 evaluate the safety 
and efficacy in TNBC Not 
Candidates for PD-1/PD-L1 
Inhibitor Therapy 

Randomized, open-label, 2 arm, 
multicentre, international study 
assessing the efficacy and safety of 
Dato-DXd 

600 Drug: Dato-DXd Drug: 
Paclitaxel Drug: Nab- 
paclitaxel Drug: 
CarboplatinDrug: 
Capecitabine Drug: Eribulin 
mesylate 

PFS and OS 

NCT05629585, 
TROPION- 
Breast03 

Phase 3, demonstrate 
superiority of Dato-DXd in 
combination with 
durvalumab in stage I to III 
TNBC 

Randomized, open-label, 3-arm, 
multicenter, international study 
assessing the efficacy and safety of 
Dato-DXd with or without 
durvalumab compared with ICT in 
participants with stage I to III TNBC 
with residual invasive disease in 
the breast and/or axillary lymph 
nodes at surgical resection 
following neoadjuvant systemic 
therapy 

1075 Drug: Dato-DXd Drug: 
Durvalumab Drug: 
Capecitabine Drug: 
Pembrolizumab 

Superiority of 
Dato-DXd in 
combination with 
durvalumab  
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exists, across all lines of treatment. ADCs such as Dato-DXd have represented a key moment in the progress of systemic treatment for 
metastatic breast cancer. However, the access to these anticancer agents is not possible yet in several countries and thus, further real- 
world data are needed to better understand the role of Dato-DXd. In addition, since earlier studies have clearly shown the benefits of 
ADCs as monotherapies or in combination with other anticancer agents, the potential for benefit, especially when used ADCs are 
combined with ICIs, does exist, and should be explored. Further data and studies are needed in this changing, challenging treatment 
scenario. 
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