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Abstract: Triple-negative breast cancer (TNBC) is well-known as the most aggressive subtype of breast cancer. 
Because TNBC does not express Her2, estrogen receptor, and progesterone receptors, there had been no effective 
U.S. Food and Drug Administration-approved targeted therapy for it until PARP inhibitors and two PD-1/PD-L1 mono-
clonal antibodies were approved for treatment of TNBC. Most recently, an antibody-drug conjugate (ADC), called 
sacituzumab govitecan (SG), was approved for the treatment of TNBC patients previously received chemotherapy 
with advanced disease. SG consists of an anti-trophoblast cell-surface antigen 2 (Trop2) antibody conjugated with 
a topoisomerase I inhibitor, SN-38, which is diffused out of the targeted Trop2 positive cancer cells and induces 
the bystander killing effect on surrounding cells regardless of their Trop2 expression status. In the Phase III clinical 
trial, TNBC patients treated with SG showed significantly longer progression-free and overall survival compared to 
those who were received chemotherapy. In the present review, we summarized the cellular function and signaling 
of Trop2, the mechanism of action of SG, and the clinical trials of SG that led to its quick approval for TNBC. In ad-
dition, we introduced the current ongoing clinical trials of SG as well as another Trop2 ADC, which has potential to 
overcome some disadvantages of SG. 
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Introduction

Antibody-drug conjugates (ADCs) are a catego-
ry of drugs, possessing (1) a monoclonal anti-
body, (2) payload, and (3) linker, and have high 
specificity and affinity for the cell surface pro-
teins recognized by the monoclonal antibody. 
ADCs bind to a membrane antigen, and then 
after the antigen internalization, deliver the 
payload (a toxic agent) into the cancer cell cyto-
plasm in response to low pH of lysosome [1]. 
The payload released into the cytoplasm is 
highly toxic and targets DNA structure, micro- 
tubule formation, or protein synthesis of the 
cancer cells; meanwhile, the payload can also 
be distributed to the neighboring cancer cells 
to induce the bystander effect. Although most 
tumors show heterogeneity and some neigh-

boring cancer cells do not have the target an- 
tigen for ADCs, payloads of some ADCs could 
be distributed to the neighboring antigen-nega-
tive cells [2]. However, some ADCs such as ado-
trastuzumab emtansine (T-DM1) that is used 
for human epidermal growth factor receptor 2 
(Her2) positive breast cancer have a non-cleav-
able linker and do not support the bystander 
effect [3]. Therefore, some ADCs serve as a 
therapeutic vehicle delivering highly toxic che-
motherapy to the tumor microenvironment pos-
sessing heterogeneous cancer cells and mini-
mizing off-target drug delivery.

Sacituzumab govitecan (SG) (Trodelvy®) is an 
ADC targeting trophoblast cell-surface antigen 
2 (Trop2) and smart therapy against triple-neg-
ative breast cancer (TNBC) with short history 
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from the very beginning to the final approval [4]. 
Because Trop2 had not been paid much atten-
tion as a drug target for a long time, it would be 
a good example of the development of an effec-
tive drug for aggressive cancer with relatively 
few therapeutic options and has great lessons 
for cancer researchers who are interested in 
drug discovery. In the current review, we sum-
marized the cellular function and signaling of 
Trop2, the clinical results, and the mechanism 
of action of SG, and then discussed the future 
direction including the new anti-Trop2 ADC 
(DS-1062a) that is currently under several clini-
cal trials. 

Therapeutic antibodies specifically approved 
for TNBC

TNBC is the most aggressive subtype of breast 
cancer that accounts for 15% to 20% of total 
breast cancer cases and lacks three prognostic 
indicators of breast cancer, namely estrogen 
receptor (ER), progesterone receptor, and Her2 
[5, 6]. TNBC is a heterogeneous disease and, 
based on the gene expression profile, subdi-
vided into six categories; basal-like 1, basal-like 
2, mesenchymal, immunomodulatory, mesen-
chymal stem-like, and luminal androgen recep-
tor, among which basal-like subtypes show bet-
ter responses to chemotherapy than the others 
[7, 8]. Breast cancer patients are generally 
separated for treatment options based on their 
ER and Her2 expression status. Patients with 
ER-positive and Her2-postive breast cancer are 
treated with hormone therapy and Her2-targetd 
therapy, respectively, while chemotherapy is a 
major option for TNBC patients [9]. About 50% 
of TNBC patients respond to chemotherapy, 
while only 10-15% and 20% could be treated by 
PARP and programmed death-ligand 1 (PD-L1) 
inhibitors, respectively [10, 11]. Therefore, a 
majority of TNBC patients are still treated with 
chemotherapy [7, 12-14]. To develop effective 
treatment for TNBC, combination therapies 
have been extensively studied including the 
PARP inhibitors combined with anti-PD-1/
PD-L1 [15, 16], PARP inhibitors combined with 
tyrosine kinase inhibitors [17, 18], and metfor-
min combined with anti-CTLA4 [19]. However, 
such combination therapy has not been applied 
to clinic yet. There was no specific antibody 
therapy for TNBC until March 2019 when 
atezolizumab (Tecentriq®) in combination with 
nab-paclitaxel received approval by U.S. Food 

and Drug administration (FDA) for treatment of 
TNBC patients with PD-L1-positive tumors [20]. 
Based on reports from a phase III clinical trial, 
IMpassion130, atezolizumab combined with 
nab-paclitaxel was granted an accelerated 
approval to treat unresectable locally advanced 
or metastatic TNBC by FDA in 2019 [21, 22]. 
The atezolizumab does not directly kill TNBC 
cells, but it enhances anti-tumor immunity by 
inhibiting the PD-1-mediated inhibitory signal-
ing of T cells [20, 23]. Unfortunately, the TNBC 
indication of atezolizumab was withdrawn in 
August 2021 due to a failure of a post-market 
Phase III clinical trial. TNBC cells have signifi-
cantly higher levels of glycosylated PD-L1 [2], 
and we recently showed that a de-glycosylation 
of patient tissue samples can more accurately 
measure the level of PD-L1 by using immuno-
histochemical staining to stratify patients for 
atezolizumab treatment [24]. Therefore, it is 
worthy of proposing a clinical trial with a larger 
cohort to stratify TNBC patients with the de-
glycosylation procedure, and then further vali-
date clinical responses to atezolizumab. More- 
over, it has been shown that glucose analog 
2-deoxyglucose (2-DG) and metformin can re- 
duce PD-L1 upregulation that is induced by 
PAPR inhibitors, and these drug would be com-
bine with PARP inhibitors [25, 26]. On the other 
hand, pembrolizumab (Keytruda®), a monoclo-
nal antibody against PD-1, was approved for 
treatment of TNBC patients in July 2021 [27]. 
Before this approval, pembrolizumab have be- 
en used in clinic for treatment of various types 
of cancer such as non-small cell lung cancer 
(NSCLC), melanoma, bladder cancer, and Hodg- 
kin lymphoma. It can be currently applied for 
high-risk, early-stage TNBC in combination with 
chemotherapy as neoadjuvant treatment, and 
then continued as a single agent as adjuvant 
treatment after surgery [27, 28]. 

SG was approved in April 2021 as the first ADC 
for treatment of TNBC patients. Treatment with 
SG showed a significant benefit (with 4% com-
plete responding rate and 31% partial res- 
ponding rate for 235 patients) in TNBC pa- 
tients who do not respond to a wide range of 
chemotherapy [29]. SG contains the human-
ized RS7 antibody, which targets Trop2, encod-
ed by the Tumor Associated Calcium Signal 
Transducer 2 (TACSTD2) gene. In addition, SG 
comprises an topoisomerase I inhibitor (SN-38, 
the active metabolite of irinotecan), which is 



Trop2-targeted therapy for triple-negative breast cancer

1673 Am J Cancer Res 2022;12(4):1671-1685

conjugated to RS7 via a cleavable CL2A linker 
[30]. The phase I/II clinical trial of SG for treat-
ment of various epithelial cancers was first 
started in 2012 (NCT01631552), and its first 
results were published in 2015 [31]. Following 
this trial, it was tested in patients with TNBC in 
the phase III trial between November 2017 and 
March 2020 (NCT02574455), and then SG was 
approved in April 2021 for treatment of TNBC 
patients with advanced disease that does not 
respond to chemotherapy [30]. 

Function and signaling of Trophoblast cell-
surface antigen 2 (Trop2)

Trop2 is a transmembrane protein overexpres- 
sed in some cancer including breast, cervical, 
colorectal, gastric, prostate, lung, esophageal 

and oral cancers [32]. Trop2 mediates calcium 
signaling using the internal source of calcium, 
which leads to cell survival, proliferation, and 
self-renewal (Figure 1). Trop2 has a conserved 
binding motif for phosphatidylinositol 4,5-bis- 
phosphate (PIP2) and a serine phosphorylation 
domain targeted by protein kinase C (PKC) [33, 
34]. PKC activated by calcium can phosphory-
late the Trop2 intra-cellular domain (ICD), which 
is require for ADAM17-dependent cleavage of 
Trop2 [35]. Several reports showed that Trop2 
also activates MAPK signaling (Figure 1) [36-
38]. Moreover, the Trop2 ICD phosphorylated 
by Src and PKC is cleaved by γ-secretase and 
ADAM17 and translocates into the nucleus 
where it interacts with some nuclear proteins 
such as Cyclin D [35]. On the other hand, Trop2 
activates the AP1 transcription factor via the 

Figure 1. The Trop2-mediated signaling pathways. Trop2 activation is either dependent or independent on growth 
factors. Trop2 then increases internal Ca2+ level and enhances protein kinase C (PKC) signaling. On the other hand, 
Trop2 phosphorylation recruits RACK1 scaffold protein by which Trop2 interacts with other signaling pathways such 
as PI3K/Akt and MAPK pathways as well as FAK signaling. Furthermore, separation of transmembrane and intracel-
lular parts of Trop2 by γ-secretase and ADAM-17, and its migration into nuclease interacts with other genes related 
to cancer progression. Overall, Trop2 can enhance cell proliferation, cell growth, and cell migration through several 
mechanisms. AP1: Activator protein 1; DAG: Diacylglycerol; ECD: Extracellular domain; ERK1/2: Extracellular signal-
regulated kinase 1/2; FAK: Focal adhesion kinase; IP3: Inositol trisphosphate; ICD: Intracellular domain; MAPK: 
Mitogen-activated protein kinase; PARP1: poly (ADP-ribose) polymerase-1; PIP2: Phosphatidylinositol 4,5-bisphos-
phate; RACK1: receptor for activated C kinase 1; ADAM17: A disintegrin and metalloprotease 17.
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activation of the MAPK pathway, which in turn 
leads to c-Myc and Cyclin D transcription [39]. 
Trop2 ICD nuclear accumulation requires Cyclin 
D and is induced by Src. Numb, which is a nega-
tive regulator of Trop2 by inhibiting its cleavage, 
is also inhibited by Cyclin D [39]. Therefore, 
Trop2 leads to Cyclin D expression, which not 
only results in cell proliferation, but also leads 
to inhibition of Numb through Trop2 ICD nuclear 
accumulation. 

Several studies have suggested that Trop2 al- 
so enhances epithelial-mesenchymal transition 
(EMT). A study showed that the expression of 
Trop2 is negatively correlated with the expres-
sion of E-cadherin, a mesenchymal cell marker, 
in breast cancer tissue samples [40]. Moreover, 
the levels of Trop2 upregulation and E-cadherin 
downregulation in TNBC patients are greater 
than patients with other breast cancer sub-
types [40]. In addition, Trop2 facilitates cell 
migration when growth factors are absent [32]. 
Murine Trop2 can enhance tumor cell growth 
and cell proliferation in serum starvation condi-
tion [36]. α5β1 integrin and E-cadherin are well- 
known membrane proteins involved in cell-cell 
interaction, whose proteolysis leads to mesen-
chymal phenotype and tumor cell migration 
[41, 42]. α5 integrin enhances focal adhesion 
kinase (FAK)/STAT/Akt signaling and leads to 
tumor progression and metastasis [43]. Fur- 
thermore, activated FAK/Src is associated with 
tumor cell metastasis. Catalytic activities of  
Src and FAK promote VEGF signaling and prote-
ase-associated tumor cell migration [44]. There 
are two essential ADAM proteases involved in 
tumor metastasis, ADAM10 and ADAM17 [45], 
both of which interact with Trop2 [35, 46]. 
Trop2 binds to E-cadherin and α5β1 integrin, 
leading to ADAM10-dependent cleavage of 
E-cadherin and α5β1 integrin [46, 47]. The 
receptor for activated C kinase 1 (RACK1) also 
serves as a connector between Trop2 and α5β1 
integrin [48]. Therefore, Trop2 is a crucial pro-
moter of cell motility when growth factors are 
downregulated in presence of TKIs. Further- 
more, Trop2 as well as Integrin α5 may contrib-
ute to resistance to TKIs [49].  

PI3K/Akt signaling is associated with resis-
tance to chemotherapy [7]; however, only one 
PI3Kα inhibitor (alpelisib) has passed FDA-
approval to date, which is for PIK3CA-mutated 
ER positive breast cancer, not for TNBC. More- 
over, a majority of PI3K/Akt pathway inhibitors 
have failed during preclinical and clinical stud-

ies [23]. Interestingly, the association of Trop2 
and Akt has been observed in xenograft animal 
models and breast cancer patients with acti-
vated Akt signaling [50]. Akt has two major 
phosphorylation sites, T308 and S473 [7]. In 
addition to phosphorylating Trop2, PKC also 
activates Akt through its phosphorylation at 
S473 [51]. In contrast, Trop2 activation results 
in phosphorylation of Akt at both phosphoryla-
tion sites, T308 and S473, through the down-
regulation of protein phosphatase 2A (PP2A) 
that is an Akt inhibitor [52]. Therefore, PKC and 
Trop2 collaboratively activate Akt [52]. More- 
over, Trop2 enhances tumorigenesis and meta- 
stasis through EGFR and IGFR signaling path-
ways [37, 53]. Therefore, Trop2 is suggested as 
the predicator of response to Akt pathway 
inhibitors as well as TKIs [49, 52]. 

As mentioned earlier, Trop2 is upregulated in a 
wide range of cancer. Therefore, to treat cancer 
through targeting Trop2, at least three app- 
roaches are available: (1) Trop2/PD-L1 CAR-T 
cells, (2) Anti-Trop2 nano particle (ST-NPs), and 
(3) Trop2-targeting ADCs (SG and DS-1062a). 
Bispecific Trop2/PD-L1 CAR-T cells have been 
developed for treatment of gastric cancer [54]. 
They inhibit Trop2 signaling and enhance anti-
cancer immunity. However, bispecific Trop2/
PD-L1 CAR-T cells target Trop2 and PD-L1 posi-
tive cancer cells but not neighboring cancer 
cells that do not express them [54]. Moreover, 
anti-Trop2 antibody conjugated nanocarriers 
(ST NPs), which encapsulates doxorubicin, were 
also developed as a targeted drug delivery tool 
for Trop2 positive TNBC. ST-NPs are designed 
to release doxorubicin in response to reduced 
glutathione (GSH). In this approach, the nano- 
particles, which carry anti-Trop2 antibody on 
their surfaces, can be internalized through the 
binding to Trop2, and then, they release doxoru-
bicin into the cytoplasm when GSH level reach-
es 10 mM [55]. Lastly, SG is a second-genera-
tion ADC developed by Immunomedics that 
consists of a Trop2-targeting murine monoclo-
nal antibody RS7-3G11 [56]. Breast, cervical, 
and ovarian cancer cells were shown to be sen-
sitive to anti-Trop2 RS7-SG11 antibody [56, 57]. 

To figure out whether Trop2-targeted therapy 
may also be effective on other types of can-
cers, we analyzed TACSTD2 (Trop2 gene) ex- 
pression in different cancer types. Figure 2 
shows the TACSTD2 expression in different tis-
sues and provides a detailed comparison 
among normal, tumor, and metastatic cases. 
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Data analysis of TACSTD2 expression in breast 
demonstrates TACSTD2 is highly expressed in 
both normal and tumor cells, suggesting the 
potential toxicity of anti-Trop2 ADC against nor-
mal tissues (Figure 2A). Moreover, the analysis 
of TACSTD2 expression based on the breast 
cancer subtypes (Figure 3) shows TACSTD2 
expression is significantly higher in TNBC com-
pared with Her2 positive breast cancer but not 
with ER-positive breast cancer. Nonetheless, 

SG has been shown to have relatively low toxic-
ity and high efficacy against TNBC patients in 
clinical studies. Thus, these clinical results may 
be partly due to the more specific toxicity of the 
payload to cancer cells. Moreover, the gene 
expression data (Figure 2) also suggests that 
other cancer types can be possibly treated wi- 
th anti-Trop2 ADC in addition to breast cancer. 
Tissues where TACSTD2 is overexpressed in 
tumor and metastatic cases, but not normal 

Figure 2. Differential Trop2 gene (TACSTD2) expression analysis in different tumor, normal and metastatic tissues. 
TACSTD2 is highly expressed in ovary, pancreas, and prostate as well as breast, for which Trop2-targeted therapy 
may be effective; however, oral, kidney, and skin cancers are not good examples for targeting Trop2 because TAC-
STD2 is overexpressed in normal tissues. Although normal breast and lung cases expressed TACSTD2 as well as 
tumor breast and lung cases, breast and lung tumors are highly heterogenous and the use of Trop2-targeted therapy 
is highly dependent on the subtypes for breast and lung cancers. Data was analyzed using TNMplot.com [80].
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cases, are suitable types for anti-Trop2 ADC 
therapy. Based on Figure 2, ovarian, pancreat-
ic, and prostate cancers could be appropriate 
types of cancer for targeting Trop2 in the future 
research. 

SN-38, topoisomerase I inhibitor payload for 
ADC

Several clinical trials have been conducted for 
the development of ADCs with topoisomerase 
inhibitors [58]. SN-38 is a cytotoxic payload 
derived from the active metabolite of irinote- 
can topoisomerase I inhibitor, which induces 
double-stranded breaks in DNA (Figure 4). Irino- 
tecan is not commonly used in clinical practic-
es but has shown a response rate of up to 23% 
in the patients with metastatic breast can- 
cers who have previously been progressed on 
anthracyclines and taxanes [59]. The inhibition 
of topoisomerase I causes double-stranded 
DNA breaks and intrinsic apoptosis in both 
TNBC and Her2 positive breast cancer cells 
[60]. SG is interesting for three reasons. In con-
trast with ultra-toxic payloads of other ADCs, 
SG is benefited from a (1) moderately toxic pay-
load (SN-38) that permitted (2) higher drug-to-
antibody ratio (DAR) of approximately 8, com-
pared with DAR of 2-4 of previous ADCs. In 
addition, most ADCs have stable linkers, where-
as (3) SG possesses a cleavable carbonate 

and induces its cytotoxic effects on surround-
ing cells regardless of their Trop-2 expression 
status (the bystander effect) [64]. As SN-38 is  
a moderately toxic agent with IC50 in nanomo-
lar range, its off-target toxicity is lower than 
other payloads, which usually have IC50 in 
picomolar range. However, the FDA-approval of 
SG had postponed, and it needed the second 
Biologics License Application (BLA). In April 
2021, SG was finally approved for TNBC pa- 
tients previously showed resistance to conven-
tional chemotherapy [65]. 

The linkers are a crucial part of ADCs as they (1) 
link antibody to the cytotoxic drug, (2) affect 
pharmacokinetic properties such as carrying 
capacity of a cytotoxic molecule by each anti-
body (DAR), and (3) determine the stability of 
the cytotoxic drug in the bloodstream and level 
of the bystander effect observed in surround-
ing cells [66]. SG possesses a cleavable malei- 
mide linker with a short pegylated unit, which 
links cytotoxic payload SN-38 to humanized 
anti-Trop2 hRS7. 

Clinical studies for evaluating sacituzumab 
govitecan (IMMU-132)

The efficacy and safety of SG were investigated 
in a phase I/II multicenter clinical trial (NCT- 
01631552) [29, 62, 67-71]. In this trial, 495 

Figure 3. TACSTD2 expression in the different subtypes of breast cancer. 
TGCA breast cancer RNAseq data (FPKM) and phenotype data were down-
loaded from UCSC Xena (https://xena.ucsc.edu/), and the expression of 
TACSTD2 was analyzed using R, according to the result of IHC result of ER, 
PR and HER2. The data shows there is a significance difference between 
TNBC and Her2 positive breast cancer, but not between TNBC and ER posi-
tive breast cancer (One way ANOVA with post-hoc Tukey HSD test).

linker, allowing it to have the 
stronger bystander killing eff- 
ect; however, SG may also 
affect normal cells during its 
circulation [61]. 

Higher DAR of 7.6 for SG sh- 
owed the optimum pharma- 
cokinetics [57]. In addition, 
SN-38 can be released in 
both extracellular spaces and 
cytoplasm. Based on the re- 
sult obtained from a clinical 
study, SG has a half-life of 
11-14 hours in human plas- 
ma [62]. Similarly, the half-life 
of SG is 14 hours in a mouse 
and 50% of SN-38 is releas- 
ed from SG in 17.5 hours in 
mouse serum in vitro [63]. 
The SN-38 possesses the 
property of membrane per-
meability and thus diffuses 
out of the target cancer cells 
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patients with various advanced solid tumors 
such as breast, lung, colorectal, esophageal 
cancer received SG at the doses of 8, 10, 12, or 
18 mg/kg and the adverse events were evalu-
ated [67]. Overall, SG has a tolerable and pre-
dictable toxicity profile. The adverse events of 
SG include nausea (62.6%), diarrhea (56.2%), 
fatigue (48.3%), alopecia (40.4%) and neutro-
penia (57.8%). Grade >3 neutropenia and fe- 
brile neutropenia were observed in 42.4% and 
5.3% of patients, respectively [67].

Moreover, the efficacy of SG was also evaluat-
ed in patients with various cancer types in this 
trial. Breast cancer patients show the better 
response rate than patients with other cancer 
types. In patients with TNBC, overall response 
rate (ORR) was 33.3% and the median duration 
of response (MDR) was 7.7 months [29]. Simi- 
larly, in patients with hormone receptor (HR)-

positive/Her2-negative breast cancer, ORR was 
31.5% and MDR was 8.7 months [71]. On the 
contrary, in non-small cell lung cancer (NSCLC) 
and small cell lung cancer (SCLC) patients, ORR 
was 19% and 14%, respectively [68, 69]. 

Following the phase I/II study, the efficacy  
of SG was further evaluated in the ASCENT 
phase III clinical trial (NCT02574455) [72]. In 
this trial, 468 TNBC patients, who had previ-
ously received taxanes and had no brain metas-
tases, were assigned to receive either 10 mg/
kg of SG or chemotherapy and subjected to 
comparison of survival benefit. The median 
progression-free survival of the patients treat-
ed SG and chemotherapy is 5.6 and 1.7 
months, respectively. The median overall sur-
vival of patients treated with SG and chemo-
therapy is 12.1 and 6.7 months, respectively. 
The objective response rate of SG was 35% 

Figure 4. The mechanism of action of sacituzumab govitecan. Sacituzumab govitecan (SG) is the first ADC specifi-
cally approved for TNBC. There are three compartments in its structure: an anti-Trop2 antibody, a cleavable linker, 
and a topoisomerase I inhibitor payload (SN-38). The antibody part targets the drug on Trop2 positive tumor cells 
and enhances Trop2 internalization. After the internalization of the ADC, the linker is cleaved by cathepsin and 
other proteolytic enzymes located at lysosome. SN-38 can then distribute into the nucleus of Trop2 positive and/or 
Trop2- neighboring tumor cells through the bystander killing effect. Therefore, SG is effective against heterogeneous 
cancer.
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while that of chemotherapy was 5%. This result 
clearly shows a significant clinical benefit of SG 
compared with standard chemotherapy [72].

Furthermore, the predictive value of Trop2 ex- 
pression for the responses to SG was also  
analyzed in the ASCENT trial [73]. The ORR of 
TNBC patients with high, medium, and low 
Trop2 expression to SG was 44%, 38%, and 
22%, respectively. In contrast, the ORR of Trop-
2 high, medium, and low patients to chemo-
therapy was 1%, 11%, and 6%, respectively 
[73]. These results indicate that Trop-2 expres-
sion level is associated with the response rate 
to SG but not chemotherapy, and it would serve 
as a predictive biomarker for SG therapy. 

Based on the ASCENT trial, SG was approved 
for the treatment of TNBC patients. Currently, 
multiple clinical trials are ongoing for several 
cancer types in various settings, which are 
summarized in Table 1. In particular, the effi-
cacy of SG on HR positive breast cancer patient 
is currently investigated in a randomized phase 
III trial (NCT03901339), which may lead the 
approval of SG on ER positive breast cancer in 
the near future. 

ADCs with deruxtecan, a novel payload devel-
oped by Daiichi Sankyo

The main disadvantage of SG is a short half-life 
and its instability in plasma [62]. A new Trop2-
ADC developed by Daiichi Sankyo solves this 
issue by replacing the payload and linker. This 
company has previously developed deruxtecan 
(Dxd), which is a derivative of a topoisomerase 
inhibitor exatecan and 10 times more potent 
than SN-38. Dxd was then applied in develop-
ment of an Her2-tageting ADC called fam-
trastuzumab deruxtecan-nxki (DS-8201a) [74]. 
In the preclinical study with Her2 positive brea- 
st cancer cell lines as well as patient-derived 
xenograft models, the efficacy of DS-8201a 
and T-DM1 was compared. DS-8201a inhibits 
Her2-expression-dependent tumor growth and 
Akt phosphorylation. The safety range for DS- 
8201a was determined, which is between 1 
and 30 mg/kg. Three topoisomerase I inhibitor 
payloads, SN-38, DX-8951f, and Dxd, were test-
ed and their IC50s were 2.78, 0.25, and 0.35 
μM, respectively. Therefore, Dxd and DX-8951f 
are more effective than SN-38; however, Dxd 
was used in generation of DS-8201a [74]. In 
DS-8201a, Dxd and trastuzumab are linked 
together with the maleimide-based linker that 

is different from the linker of SG. Interestingly, 
this maleimide linker has low off-target effects 
and high stability in plasma. DS-8201a has 
DAR of 7.7 and the linker can be specifically 
hydrolyzed by lysosomal proteases. The release 
rates of DXd from DS-8201a is only 2% in hu- 
man plasma in 3 weeks, which makes it safer 
compared with T-DM1 [74]. Therefore, Dxd can 
be delivered into tumor microenvironment and 
have the bystander killing effect after delivery 
to its target cells [75]. Ultimately, DS-8201a 
was granted approval for treatment of patients 
with Her2 positive breast cancer who did not 
respond to previous anti-Her2-based regimens 
in December 2019 [76]. Indeed, Her2-targeted 
ADCs are effective on breast cancer patients 
who did not respond to other Her2 positive-tar-
geted therapies [77].

Following DS-8201, Daiichi Sankyo developed  
a Trop2-targeting ADC called datopotamab 
deruxtecan (DS-1062a). The company has also 
used Dxd as a cytotoxic agent for DS-1062a. 
Antitumor activity and safety profile of DS- 
1062a were investigated in preclinical studies 
[78]. Currently, DS-1062a is being tested in the 
phase I clinical trials for NSCLC and breast can-
cer (Table 2). DS-1062a in combination with 
anti-PD-1 pembrolizumab is also being tested 
in the phase I clinical trial for advanced/meta-
static NSCLC (NCT04526691) (Table 2) [79].  
As these clinical trials of DS-1062a have re- 
cently started, these clinical data has not been 
available yet; however, the preclinical study of 
DS-1062a was recently published [78]. The effi-
cacy and safety of DS-1062a were evaluated in 
various cancer cell lines. DS-1062a binds to 
Trop2 and is internalized into Trop2 positive 
cancer cells. However, the differences in effi-
cacy and safety profile between DS-1602a and 
SG is still under investigation. For DS-1062a, 
DAR of 4 had the maximum therapeutic win-
dows, whereas DAR of 7 had narrower thera-
peutic window. The safety profile of DS-1062a 
was also evaluated in rats and cynomolgus 
monkeys. DNA damage and apoptosis were 
observed in the Trop2 positive tumor cells 
treated with DS-1602a [78]. Obviously, this is 
the promising drug that would have better clini-
cal effects and safety profile than SG. 

Conclusion 

Trop2 is a new drug target for cancer patients 
who do not respond to conventional chemo-
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Table 1. Ongoing clinical studies investigating the effects of SG alone or combined with other drugs in 
patients with various cancer

Clinical trial Starting 
date Sponsor  Disease Drug (s) Phase

Number  
of  

patients
NCT04039230 2019-10 Massachusetts General Hospital Breast Cancer SG

Talazoparib 
1/2 75

NCT05113966 2021-11 G1 Therapeutics, Inc. TNBC SG
Trilaciclib

2 45

NCT05101096 2021-10 Gilead Sciences Advanced solid tumors
TNBC

SG 1/2 61

NCT03901339 2019-5 Gilead Sciences Metastatic breast cancer SG
Eribulin
Capecitabine
Gemcitabine
Vinorelbine

3 543

NCT04468061 2020-7 Dana-Farber Cancer Institute PD-L1-negative TNBC SG Pembrolizumab 2 110

NCT03964727 2019-10 Gilead Sciences Metastatic solid tumor SG 2 165

NCT04319198 2020-8 Gilead Sciences Metastatic solid tumor SG 4 200

NCT04639986 2020-11 Everest Medicines HR+/Her2 metastatic BC SG
Eribulin mesylate 
Capecitabine 
Gemcitabine 
Vinorelbine 

3 330

NCT04448886 2020-9 Sara Tolaney Invasive BC 
Metastatic BC
HR+ BC 
Her2- BC

SG
Pembrolizumab

2 110

NCT05119907 2021-9 Everest Medicines Solid tumors SG 2 180

NCT04454437 2020-10 Everest Medicines Metastatic TNBC SG 2 80

NCT04647916 2020-12 Southwest Oncology Group Her2- BC with brain metastasis SG 2 44

NCT04230109 2020-7 Aditya Bardia TNBC Pembrolizumab
SG

2 51

NCT04434040 2020-7 Dana-Farber Cancer Institute TNBC SG
Atezolizumab 

2 40

NCT03971409 2019-7 Hope Rugo, MD TNBC SG
PF-04518600
Avelumab
Binimetinib
Utomilumab
Liposomal Doxorubicin

2 150

NCT05006794 2021-9 Gilead Sciences Advanced solid malignancies SG
GS-9716 
Docetaxel 
Gemcitabine

1 205

NCT03992131 2019-6 Clovis Oncology, Inc. Ovarian cancer
TNBC 
Urothelial carcinoma 
Solid tumor

SG
Rucaparib 
Lucitanib 

1/2 329

NCT04986579 2021-11 Dana-Farber Cancer Institute Metastatic BC SG
Eribulin
Trastuzumab deruxtecan

2 120

NCT03424005 2018-8 Hoffmann-La Roche TNBC SG
Capecitabine
Atezolizumab
Ipatasertib 
SGN-LIV1A
Bevacizumab
Gemcitabine + Carboplatin or Eribulin
Selicrelumab
Tocilizumab
Nab-Paclitaxel 

1/2 280

TNBC: Triple-negative breast cancer; HR: Hormone receptor; BC: Breast cancer; SG: Sacituzumab govitecan.
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therapy. SG reached approval in April 2021 
because it shows significant efficacy against 
TNBC refractory to chemotherapy. The encour-
aging clinical trial data certainly shed light on 
this new direction to treat various cancers. 
Indeed, several clinical trials of SG as well as 
another Trop2-targeting ADC, DS-1062a, are 
ongoing in patients with several types of can-
cer. The advantages of DS-1062a compared 
with SG are the longer half-life in serum and 
more potent payload, which may reduce off-
target toxicity on normal cells. However, there 
are still some rooms to be improved for the effi-
cacy and safety by replacing new payloads and 
linkers. Nevertheless, the prospects of ADC 
against Trop2 positive are brightening.
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