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Abstract 
Trophoblast cell-surface antigen 2 (Trop 2) is a transmembrane glycoprotein that is highly 
expressed in various cancer types with relatively low or no baseline expression in most of 
normal tissues. Its overexpression is associated with tumor growth and poor prognosis; Trop 2 
is therefore, an ideal therapeutic target for epithelial cancers. Several Trop 2 targeted 
therapeutics have recently been developed for the treatment of cancers, such as anti-Trop 2 
antibodies and antibody-drug conjugates (ADCs), as well as Trop 2-specific cell therapy. In 
particular, the safety and clinical benefit of Trop 2-based ADCs have been demonstrated in 
clinical trials across multiple tumor types, including those with limited treatment options, such 
as triple-negative breast cancer, platinum-resistant urothelial cancer, and heavily pretreated 
non-small cell lung cancer. In this review, we elaborate on recent advances in Trop 2 targeted 
modalities and provide an overview of novel insights for future developments in this field.  
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1. Introduction  
Trophoblast cell-surface antigen 2 (Trop 2) is a transmembrane glycoprotein encoded by 
Tumor-associated calcium signal transducer 2 (TACSTD2) gene located in chromosome 1p32. 
Trop 2 was first identified in trophoblast cells and choriocarcinomas by monoclonal antibodies 
against the human choriocarcinoma cell line and later also known as gastrointestinal antigen 
733-1 (GA733-1), membrane component chromosome 1 surface marker 1 (M1S1) and 
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epithelial glycoprotein-1 (EGP-1) in sequential discoveries [1-3]. Since the discovery of Trop 
2 in the placenta, accumulating evidence suggests that Trop 2 may play a role in tumor 
development as being involved in several growth-stimulatory signaling pathways [3]. Also,  
overexpression of Trop 2 correlates with poor prognosis in various solid tumors [4]. Therefore, 
Trop 2 is considered an attractive prognostic marker and a therapeutic target for the treatment 
of solid tumors. To date, a series of Trop 2 targeted modalities, such as antibodies, antibody-
drug conjugates (ADCs), and immunotherapy, have been reported. In April 2020, the first Trop 
2 targeting drug sacituzumab govitecan, an anti-Trop 2 ADC, was approved in the US for the 
treatment of metastatic triple-negative breast cancer (TNBC), spurring more research into the 
biology of Trop 2 and the development of different types of Trop 2 targeting drugs for not only 
TNBC but also other solid tumors.  
 
2. Structure of Trop 2 
The Trop 2 protein consists of 323 amino acids with a single hydrophobic peptide, an 
extracellular region containing a thyroglobulin type-1 repeat domain and a putative epidermal 
growth factor (EGF)-like domain, a transmembrane domain, and a cytoplasmic tail (Figure 1) 
[5]. Thyroglobulin type-1 repeats are cysteine-rich motifs with strictly conserved positions for 
cysteine residues, and occasionally act as an inhibitor of proteases [6]. The putative EGF-like 
domain may bind to specific growth factors and regulate the downstream signaling pathways 
[7]. The cytoplasmic tail exhibits structural and sequence homology to a HIKE domain, which 
is a regulatory region for protein-protein interactions, as well as contains a protein kinase C 
(PKC) phosphorylation site and a phosphatidyl-inositol 4,5-bisphosphate (PIP2) binding 
sequence, supporting the role of Trop 2 in calcium signaling [8-10]. Trop 2 has been reported 
to bind to several proteins, such as insulin-like growth factor 1 (IGF-1), claudin-1 and -7, cyclin 
D1, and PKC, and be involved in various cellular processes, including proliferation and 
apoptosis [11]. 

 
Figure 1. Structure of Trop 2 protein. 
The Trop 2 protein contains a 30-amino-acid signal peptide and 244-amino acid extracellular domain with 4 N-
linked glycosylation sites [98]. The 244-amino-acid extracellular portion has a cysteine-rich domain, a 
thyroglobulin type-1 domain, a cysteine-poor domain, as well as a putative epidermal growth factor (EGF)-like 
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domain which potentially binds to growth factors, such as insulin-like growth factor 1 (IGF-1) [7]. The Trop 2 
molecule traverses the membrane and terminates with a 26-amino acid cytoplasmic tail [99]. The cytoplasmic tail 
exhibits structural and sequence homology to a HIKE domain and contains a serine residue (Ser303) that is 
phosphorylated by protein kinase C (PKC), and a phosphatidyl-inositol 4,5-bisphosphate (PIP2) binding site. The 
presence of those structures supports the involvement of Trop 2 in calcium signaling [2] 
 
3. Expression of Trop 2 
Typically, Trop 2 is mainly expressed in epithelial cells and plays an essential role in embryonic 
and fetal development [5]. Trop 2 mRNA and protein can be detected in many normal tissues, 
in particular, highly expressed at both the transcript and protein levels in skin, trachea, 
pancreas, kidneys, cervix, and uterus, though the cellular location of Trop 2 expression on 
normal tissues is highly variable [12,13]. In contrast, Trop 2 is highly expressed and inducible 
in diverse epithelial cancers, regardless of baseline expression in corresponding normal tissues 
[3]. Overexpression of Trop 2 was reported to be a valuable prognosis predictive biomarker in 
various epithelial cancers, such as head and neck squamous cell carcinoma, gastric cancer, 
gallbladder cancer, cervical cancer, lung cancer, breast cancer, colon cancer, pancreatic cancer, 
ovarian carcinoma, endometrioid endometrial carcinoma [14-23]. In a meta-analysis involving 
16 studies and 2,569 participants, Trop 2 overexpression was shown to be associated with poor 
overall survival and disease-free survival in those patients with solid tumors [4]. 
Notedly, the overexpression of Trop 2 was most significant in certain types of cancers, such as 
breast and lung cancer, and thus, Trop 2 becomes an attractive therapeutic target for cancer 
treatment (Figure 2). It has been reported that overexpression of Trop 2 was present in over 
80% of TNBC and was associated with lymph node status, metastasis, and tumor grade, as well 
as poor prognosis in breast cancers [24-26]. Moreover, Trop 2 activation state, presented as 
membrane-localized and glycosylated Trop 2, has been considered as critical determinants of 
tumor progression and indicators of breast cancer patient's survival [23]. Several studies 
revealed that Trop 2 was highly expressed in over 60% of squamous cell carcinoma and 42-
64% of adenocarcinoma, where overexpressed Trop 2 promoted cell proliferation, invasion, 
and neovascularization [27-30]. High expression of Trop 2 is also closely correlated with an 
unfavorable prognosis in advanced non-small-cell lung cancer (NSCLC) [31]. However, a few 
studies also suggested that overexpression of Trop 2 appeared to inhibit rather than promote 
tumorigenesis in lung adenocarcinoma [7,22]. One possible explanation for this puzzle is that 
Trop 2 could compete with the IGF-1 receptor (IGF-1R) for the shared IGF-1 ligand and 
attenuate IGF-1R signaling. Being a tumor promoter, highly expressed Trop 2 may outcompete 
the pro-oncogenic IGF-1 receptor, thus promote a malignant status. On the contrary, Trop 2 
with low expression would lose its suppressive effect on IGF-1R signaling, and the tumor 
grows via the IGF-1R pro-oncogenic pathway [32]. Nevertheless, Trop 2 typically promotes 
and less frequently suppresses tumor progression, depending on the histotype [32]. Considering 
the baseline expression of Trop 2 in normal tissues, the successful development of Trop 2 
targeted therapies require strategies that can minimize potential toxicities to Trop 2, expressing 
normal tissues. 
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Figure 2. Overexpression of Trop 2 antigen in cancers 
Trop 2 is overexpressed, presented as moderate to strong membranous and/or cytoplasmic immunohistochemistry 
(IHC) positivity, in the majority of epithelial carcinomas, including breast, lung, colon, prostate, gastric, 
pancreatic, thyroid, urothelial cancers, as well as female reproductive system cancers (The Human Protein Atlas. 
http://www.proteinatlas.org/ENSG00000184292-TACSTD2/gene). Trop 2 was overexpressed in approximately 
80% of breast cancers, and 88% of TNBCs [13,23,24]. HR+/HER2- breast cancers have shown significantly 
higher Trop 2 expression than have other HER2+ subtypes [103]. High Trop 2 expression was observed in 64% 
of lung adenocarcinomas, 75% of lung squamous cell carcinomas, and 18% of lung high-grade neuroendocrine 
tumors [30]. The protein of Trop 2 was overexpressed in 58.6% of epithelial ovarian cancers and 71.8% of 
endometrial endometrioid carcinomas [49,104]. Trop 2 was highly expressed in cervical cancers (88.7%), and the 
increased expression of Trop 2 was associated with the increase of cervical intraepithelial neoplasia (CIN) grades 
[14]. 68.4% of colon cancers had high expression of Trop 2 [19]. Overall 80% of urothelial cancers and 71% of 
prostate cancers had moderate to strong Trop 2 expression [13,105]. The majority of papillary thyroid carcinomas 
(82.5%) were overexpressed for Trop 2, but the Trop 2 immunostaining of follicular adenomas, follicular 
carcinomas and medullary carcinomas were negative [106]. Trop 2 overexpression was observed in 55% 
pancreatic cancers, 56% of gastric carcinomas and 58% of oral squamous cell carcinomas [16,107,108].  
 
4. Signaling of Trop 2 
Trop 2 regulates several signaling molecules and participates in signaling pathways associated 
with tumorigeneses, such as calcium signaling, β-catenin signaling, cyclin expression, and 
fibronectin adhesion (Figure 3) [33-36]. The signaling network of Trop 2 in cancer growth has 
been comprehensively reviewed previously [11,37]. Trop 2 upregulation promotes the 
expression and activation of several downstream effectors, such as NF-kB, STAT1, and 
STAT3, through induction of the cyclin D1 and extracellular signal-regulated kinase 
(ERK)/mitogen-activated protein kinase (MAPK) kinase (MEK) signaling pathways, 
contributing to cell survival and growth. Trop 2 regulates integrin-dependent signaling for cell 
adhesion and migration by facilitating the re-localization of cytoplasmic RACK1 to the cell 
membrane, reducing the fibronectin-binding to integrin β-1, thereby decreasing cell adhesion 
and promoting cell invasion and metastasis [38]. The co-expression of upstream/downstream 
tumor-growth-regulatory transcription network hubs and interacting partners in human tumors 
also supports the role of the Trop 2 signaling network in oncogenesis [35]. Moreover, 
overexpression of wild-type Trop 2 appears to be necessary and sufficient to promote tumor 
growth, supported by the evidence that the rate of tumor growth was proportional to the 
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expression levels of Trop 2 and somatic knockdown of Trop 2 essentially abolished the growth 
of Trop 2 overexpressing tumor cells [13]. Different from the classic, cell-transforming 
oncogenes often activated by mutations, there were no data showing tumor-related structural 
alterations/point mutations of Trop 2, or Trop 2 induced oncogenic transformations [11,13]. 
The tumor growth-promoting role of Trop 2 has thus been defined as “non-oncogene 
addiction,” being frequently upregulated and essential in sustaining tumor phenotype driven by 
oncogenes via a compensatory mechanism [39]. Nevertheless, current data support the role of 
overexpressed Trop 2 as a potent driver of human tumor growth. 

 
Figure 3. The Trop 2 associated oncogenic signaling pathways  
Trop 2 is a membrane-bound protein consists of an extracellular domain, a single transmembrane domain, and an 
intracellular region. Trop 2 promotes cell growth, proliferation, and tumor metastasis by modulating calcium 
signaling and cyclin expression as well as reducing fibronectin adhesion. 1) Once the serine residues (S303) of 
cytoplasmic tail are phosphorylated by protein kinase C (PKC), it facilitates the hydrolysis of 4, 5-diphosphate 
phosphatidylinositol (PIP2) into inositol 1,4,5-triphosphate (IP3) and deacylglycerol (DAG) by phospholipase C 
(PLC). IP3 interacts with IP3 receptors and causes the release of calcium ions from the endoplasmic reticulum, 
activating mitogen activated protein kinase (MAPK) and subsequently increasing levels of phosphorylated 
extracellular signal-regulated kinase (ERK) 1/2 [100]. Activated ERK signaling results in induction of the 
activator protein 1 (AP-1) transcription factor which is the key regulator of tumor-associated target genes during 
oncogenesis [101]. The increase in free Ca2+ and DAG could also in turn activate PKC in a positive feedback 
manner and leads to the activation of the NF-κB pathways [3]. 2) Trop 2 assists with the localization of 
cytoplasmic RACK1 to the cell membrane, bringing it close to integrin β-1, reducing the fibronectin binding to 
integrin β-1, thereby decreasing cell adhesion and promoting cell invasion and metastasis [38]. 3) Several 
enzymes, such as TNF-α converting enzyme (TACE), y-secretase, presenilin 1/2 (PS-1, PS-2), are involved in the 
cleavage of the Trop 2 protein into two products: the intracellular domain (ICD) and the extracellular domain 
(ECD). The β-catenin colocalizes with the ICD in the nucleus and upregulates the expressions of downstream 
cyclin D1 and c-myc, which leads to cell growth [102]. 
 
5. Trop 2 targeted therapy  
5.1.  Anti-Trop 2 Antibodies 
The production of autoantibodies in tumor patients is believed to represent reinforced 
immunologic reactivity and immune surveillance for malignant cells [40]. In most cases, it is 
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the result of the abnormal expression and/or alteration in the structure of the corresponding 
antigen [41]. It is reported that anti-Trop 2 autoantibodies were present in the serum of 31% of 
patients with esophageal squamous cell carcinoma in cases from the serological analysis of 
recombinant cDNA expression libraries (SEREX). The serum level of Trop 2 autoantibodies 
was correlated with tumor size,  implicating that Trop 2 could be immunogenic in cancer 
patients [42]. An earlier study revealed that Trop 2 could be recognized by human cytotoxic T 
lymphocytes (CTLs); meanwhile, Trop 2 specific CTLs exhibited high specific cytotoxic 
properties against corresponding transfected target cells [43]. A potential role of Trop 2 in 
immunotherapy is therefore suggested. Subsequently, a series of “artificial” therapeutic 
monoclonal antibodies (mAbs) were developed. A murine specific monoclonal anti-Trop 2 
antibody RS7-3G11 (RS7) with pancarcinoma reactivity raised against human lung squamous 
cell carcinomas and a humanized equivalent of this antibody (hRS7) have demonstrated in vitro 
antitumor activities in a wide variety of tumors, such as breast cancer, lung adenocarcinoma, 
ovarian, uterine and cervical carcinomas [43-49]. RS7 is rapidly internalized upon binding to 
the target cells, and as such, can be a potential candidate for immunoconjugates [44]. Indeed, 
radio-labeled or ranpirnase-fused RS7 has been reported to effectively target and treat cancer 
xenografts in nude mice in several studies [44,50-52]. Moreover, a human antigen-binding 
fragment (Fab) against Trop 2 extracellular domain isolated from the phage library exhibited 
inhibitory effects on tumor growth by inducing apoptosis in both invasive breast ductal 
carcinoma cells and breast cancer xenografts [53]. Although several anti-Trop 2 antibodies 
have been generated, they did not present significant antitumor activities in in vivo model when 
used as naked antibodies without conjugation with drugs, toxins or radioisotopes until the 
development of two novel anti-Trop 2 antibodies AR47A6.4.2 and Pr1E11 showing significant 
antitumor activity in vivo [54,55]. With low internalization activity and high cell surface 
retention, those antibodies displayed potent in vivo antibody-dependent cellular cytotoxicity 
(ADCC) and/or complement-dependent cytotoxicity (CDC) activities in pancreatic, colon, 
breast and prostate human cancer models, suggesting the potential therapeutic value of anti-
Trop 2 antibodies for the treatment of solid tumors [54-56]. However, no further data have been 
reported recently.   
Various cytotoxic T cells redirecting bispecific antibodies have demonstrated therapeutic 
efficacy in preclinical and clinical settings by binding two different antigens located on T cells 
and tumor cells [57]. A trivalent bispecific antibody comprising an anti-CD3 scFv covalently 
linked to a stabilized dimer of a Trop 2 targeting Fab had been shown to effectively induce T 
cell mediated killing of Trop 2 expressing cancer cells in vitro and in vivo, suggesting the 
potential use of Trop 2 as a target through immunologic synapses induced by a bispecific 
antibody [58,59].   
 
5.2.  Small molecule inhibitor 
Small molecules and antibodies are two major approaches for targeted cancer therapy. 
Antibodies typically possess high specificity and affinity to their targets which are normally 
restricted to the cell surface. By contrast, small molecule inhibitors vary in selectivity but can 
target a wide range of extracellular and intracellular proteins. Currently no small molecule 
inhibitors of Trop 2 are in development, likely because of complexity of the function of the 
Trop 2 protein as well as the compensatory role of Trop 2 in oncogenesis. As aforementioned, 
Trop 2 can bind to several proteins through its own different structures/domains to regulate 
downstream pathways in a complex signaling network [35]. It is challenging to develop a small 
molecule drug with inhibitory function, but cytotoxic small molecule drugs conjugated to anti-
Trop 2 antibodies (ie ADCs) have been proved to be effective clinically in cancer treatment.  
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5.3.  Trop 2 ADCs 
Despite the poor clinical success and minimal antitumor effects of unarmed monoclonal anti-
Trop 2 antibodies, their specificity for the target and the rapid internalization upon target 
binding make such antibodies ideal carriers for the delivery of cytotoxic agents to Trop 2 
expressing tumors. ADCs represent a novel class of therapeutics that consists of a tumor 
associated antigen (TAA)-targeting antibody and a cytotoxic agent conjugated to the antibody 
via a linker [60]. The structures of Trop 2 ADC products currently in human clinical trials are 
summarized in Table 1. Typically, the TAA should be highly expressed on the surface of tumor 
cells but with minimal or no expression on normal tissues with high blood flow, high metabolic 
rate, and critical for survival, leading to selective delivery and internalization of the cytotoxic 
agent (payload) to tumor cells [61]. Moreover, the chemistry of the linker, being non-cleavable 
or cleavable, determines unique characteristics of a certain ADC. An ADC may also mediate 
bystander killing effect on surrounding antigen-negative tumor cells, although the bystander 
effect largely depends on whether the cytotoxic payload can diffuse into surrounding cells [61]. 
The dose-limiting toxicity of ADCs in cancer patients seems to be more closely related to the 
cytotoxic payload other than the targeted antigen [62,63].  
 
Table 1. The structures of Trop 2 ADC products currently in human clinical trials. 

ADC 
Products 

Company Antibody Linker  Conjugation 
Method  

Payload DAR Ref 

PF-
06664178 
(RN927C
) 

Pfizer A 
humanized 
hIgG1 
antibody 

Cleavable  Site-specific 
transglutamin
ase-mediated 

Auristatin 
microtubule 
inhibitor 
(Aur0101) 

2 [64] 

Sacituzu
mab 
govitecan 
(IMMU-
132) 

Immunom
edics 

A 
humanized 
RS7 IgG1κ 

Less 
stable 
cleavable 
(pH-
sensitive) 

Site-specific Active metabolite 
of irinotecan (SN-
38) 

7.6 [109] 

Datopota
mab 
deruxteca
n (DS-
1062) 

Daiichi 
Sankyo 

A 
humanized 
antibody 

Cleavable 
(tetrapepti
de-based) 

Site-specific 
(cysteine 
residue of the 
antibody) 

A novel DNA 
topoisomerase I 
inhibitor, exatecan 
derivative (DXd) 

4 [81] 

BAT8003 Bio-Thera 
Solutions 

A 
glycoengine
ered 
humanized 
antibody 

Non-
cleavable  

Site-specific ( 
A114C 
mutation on 
antibody 
heavy chain)  

Maytansine 
derivative 
(Batansine) 

3.5 [84] 

SKB264 Klus 
Pharma 

A 
humanized 
antibody 

Unknown  Novel stable 
conjugation 
chemistry 

Belotecan-derived 7.2 [86] 

DAC-002 DAC 
Biotech 

A 
humanized 
antibody 

Unknown Unknown Tubulysin B 
analogue 

Un-
know
n 

NA 

 
5.3.1. PF-06664178 
PF-06664178 is an ADC composed of a humanized anti-Trop 2 IgG1 antibody conjugated with 
an auristatin microtubule inhibitor (Aur0101) via a cleavable linker. PF-06664178 has a low 
antibody-drug ratio (DAR) of 2, so a more potent payload, Aur0101, was selected to achieve 
sufficient tumoricidal activity [64]. A Phase I, dose-escalation study (NCT02122146) was 
conducted to evaluate the safety and preliminary antitumor activity of PF-06664178 in patients 
with advanced or metastatic solid tumors [65]. Thirty-one patients received PF-06664178 in 
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escalating doses from 0.15 to 4.8 mg/kg, and dose-limiting toxicities were observed at ≥3.6 
mg/kg dose levels. While 11 patients had stable disease (SD) as the best overall response, none 
achieved a complete response (CR) or partial response (PR). The study was prematurely 
discontinued due to a lack of a meaningful therapeutic window. 
5.3.2. Sacituzumab Govitecan  
Sacituzumab govitecan (IMMU-132; Trodelvy™) developed by Immunomedics is an ADC 
that consists of a humanized anti-Trop 2 monoclonal antibody (hRS7), conjugated with active 
metabolite of irinotecan (SN-38) via a cleavable CL2A linker. The utilization of a pH-sensitive, 
cleavable linker facilitates the cytotoxic activity to target-expressing and bystander tumor cells 
via internalization and local release of the cytotoxic drug at the tumor site. The payload SN-38 
is a moderately-cytotoxic drug and conjugated to hRS7 at a high DAR of 8 without affecting 
Trop 2 targeting and antibody pharmacokinetics [66]. 
In April 2020, sacituzumab govitecan received an accelerated FDA approval to treat adult 
patients with metastatic TNBC (mTNBC) who have received at least two prior therapies for 
metastatic disease [67]. Sacituzumab govitecan is not only the first ADC approved specifically 
for mTNBC, but also the first FDA approved anti-Trop 2 ADC. The approval was based on the 
results of IMMU-132-01, a multi-center, single-arm clinical trial (NCT01631552) of 108 
subjects with mTNBC who had received at least two prior treatments for metastatic disease. 
This study demonstrated an objective response rate (ORR) of 33.3% and a median duration of 
response (DOR) of 7.7 months after receiving sacituzumab govitecan at a fractional dose of 10 
mg/kg once weekly on Days 1 and 8 of continuous 21-day treatment cycles [68].  
The FDA has granted breakthrough therapy designation to sacituzumab govitecan for mTNBC, 
fast track designation for mTNBC, locally advanced, or metastatic urothelial cancer (UC), 
metastatic NSCLC, and small-cell lung cancer (SCLC), as well as orphan drug designation for 
SCLC and pancreatic cancer [67]. It is currently being evaluated in several clinical trials on 
various epithelial tumors, as summarized in Table 2. 
 
Table 2.  Sacituzumab govitecan clinical trials with reported results. 

NCT 
Identifier 

Ph Indication Clinical Response Ref 
N ORR DOR CBR PFS OS 

NCT01631552 I Epithelial 
tumors 

25 8% (2PR: 
TNBC, 
colon 
cancer) 

- - - - [69] 

II TNBC* 108 33.3% 
(3CR/33PR) 

7.7m 45.4% 5.5m 13m [68] 

NSCLC 54 19% (9PR) 6.0m 43% 5.2m 9.5m [72] 

SCLC 50 14% (7PR) 5.7m 34% 3.7m 7.5m [73] 

UC 45 31% 
(2CR/12PR) 

12.6m 47% 7.3m 18.9m [74] 

HR+/HER2- 
BC 

54 31% (17PR) 7.4m 48% - - [71,110] 

NCT03547973 II UC 
(progressed 
after 
platinum-
based 
regimen and 
CPI therapy) 

35 29% (2 
confirmed 
CR/ 5 
confirmed 
PR/ 3 
unconfirmed 
PR) 

- - - - [76] 

UC 
(ineligible 
for platinum-

18 28% (4 
confirmed 
PR/ 1 

- - - - [77] 
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based 
therapy and 
progressed 
after CPI 
therapy) 

unconfirmed 
PR) 

NCT03992131 I/II Solid tumors 
(in 
combination 
with 
Rucaparib 

6 50% (3 
confirmed 
PR) 

- - - - ESMO2020 
Poster: 547P 

NCT03995706 I TNBC brain 
metastasis/ 
Glioblastoma 

14 29% (4PR) - - - - ESMO2020 
Presentation: 

373MO 
TNBC, triple-negative breast cancer; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; UC, 
urothelial cancer; HR+/HER2- BC, hormone receptor-positive/human epidermal growth factor receptor 2-
negative breast cancer; ORR, objective response rate; DOR, duration of response; CBR, clinical benefit rate; 
PFS, progression-free survival; OS, overall survival; CR, complete response; PR, partial response; m, 
month 
*Approval in the US for the treatment of adult patients with metastatic TNBC who have received at least two 
prior therapies for metastatic disease. 

 
In a Phase I first-in-human clinical trial (NCT01631552; IMMU-132-01) in patients with 
diverse metastatic solid tumors, sacituzumab govitecan exhibited acceptable toxicity and 
encouraging antitumor activity in those patients with difficult-to-treat cancers [69]. Of 25 
treated patients, two patients (TNBC and colon cancer) achieved PRs, and 16 had stable 
disease. The maximum tolerated dose was 12 mg/kg (fractional dose, 2 administrations one 
week apart within each 3-week dosing cycle). The 8 and 10 mg/kg dosage levels had acceptable 
tolerability profile and were subsequently selected for phase II studies.  
In the Phase II dose-expansion portion of the IMMU-132–01 trial, the therapeutic effect of 
sacituzumab govitecan was evaluated in 4 cancer subtypes (TNBC, NSCLC, SCLC, UC) and 
other cancer types [70]. One hundred eight patients with TNBC who had received a median of 
3 previous therapies achieved durable objective responses with an ORR (3 complete and 33 
partial responses) of 33.3%, a median progression-free survival (PFS) of 5.5 months, and 
overall survival (OS) of 13.0 months [68]. Moreover, 54 patients with hormone receptor-
positive (HR+)/human epidermal growth factor receptor 2-negative (HER2-) breast cancer 
(BC)  received at least 2 prior therapies, including treatments in any setting of taxane (93%), 
anthracycline (69%), and cyclin-dependent kinase (CDK) 4/6 inhibitors (69%). The ORR of 
those patients was 31% [71]. In the response-assessable study population (n = 47) of NSCLC, 
the ORR was 19%. In comparison, the ORR in the intention-to-treat (ITT) population (n = 54), 
including patients who had relapsed or progressed after immune checkpoint inhibitor (CPI) 
treatment, was 17%, and the median ITT OS was 9.5 months [72]. In the ITT population of 
SCLC (n = 50), the ORR was 14%, the median PFS was 3.7 months, and the median OS was 
7.5 months [73]. Also, 45 patients with urothelial cancer who received a median of 2 prior 
treatment lines, including platinum-based chemotherapy (95%) and CPI therapy (38%), 
demonstrated an ORR of 31% with 2 CRs and 12 PRs. In particular, the ORR in patients with 
visceral involvement and in patients treated with CPI was 27% (9/33) and 23% (4/17). The 
median PFS and OS were 7.3 months and 18.9 months, respectively [74]. A global, open-label, 
Phase II study (NCT03547973; TROPHY U-01) is underway to evaluate the antitumor activity 
and safety of sacituzumab govitecan in patients with metastatic urothelial cancer [75]. A pre-
planned interim analysis was perform based on data from Cohort 1 (patients who progressed 
after platinum-based regimen and CPI therapy) and Cohort 2 (patients who were ineligible for 
platinum-based therapy and progressed after CPI therapy in the first-line setting). 35 patients 
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from Cohort 1 had an ORR of 29% with 2 confirmed CRs, 5 established PRs and 3 unconfirmed 
PRs, meanwhile, 74% (26/35) of patients had target lesion reduction [76]. On the other hand, 
over 60% of the patients (11/18) in Cohort 2 had target lesion reduction, and the ORR was 28% 
with 4 confirmed PRs, and 1 PR pending confirmation [77]. The encouraging early-stage 
clinical results of sacituzumab govitecan in breast cancer brain metastasis and glioblastoma 
showing 4 of 17 patients achieved PRs also suggest its potential in treating brain cancer 
(ESMO2020; Presentation: 373MO).  
Two confirmatory multicenter, randomized, Phase III trials compared sacituzumab govitecan 
versus the physician’s choice in patients with metastatic TNBC (NCT02574455; ASCENT) 
and HR+/HER2- BC (NCT03901339; TROPICS-02) were subsequently launched [78]. The 
ASCENT trial was stopped earlier than planned upon recommendation of an independent Data 
Safety Monitoring Committee due to compelling evidence of efficacy [67]. Sacituzumab 
govitecan achieved a significant improvement in the PFS compared to chemotherapy, with a 
hazard ratio of 0.41 and a median PFS of 5.6 months, compared to 1.7 months for 
chemotherapy.  
With the knowledge that Trop 2 is highly expressed in various solid cancers, the expression of 
Trop 2 was not designed as a preselection criterion in clinical trials with sacituzumab govitecan. 
Indeed, the retrospective clinical data revealed that more than 80% of archived tumor samples 
had high staining of Trop 2. The results did not fully support Trop 2 to be a predictive 
biomarker for response; however, a greater response was observed in patients with high 
expression of TROP-2 in their tumors [24,72,73]. By using a less-stable innovative CL2A 
linker, that is accessible by extracellular proteases with low pH sensitivity, SN-38 is believed 
to be accessible to tumor cells in the immediate environment and exert “bystander effect” by 
targeting not only the cells directly targeted by sacituzumab govitecan [70]. The anti-tumor 
cytotoxic effects of this dual release mechanism through internalization and immediate release 
on both Trop 2 positive and Trop 2 negative tumor cells, makes this ADC less dependable on 
high expression of Trop 2 on the targeted tumors. Apart from that, the heterogeneous 
expression of Trop 2, in terms of the percentage of cells expressing the antigen and their 
distribution in the tumor, as well as the diversity in the sensitivity to SN-38 will all likely 
govern the response of sacituzumab govitecan.  
The expression of Trop 2 in several normal tissues, although appearing to be lower than in 
cancers, raises concerns on the specificity and potential for toxicities in non-cancerous healthy 
tissues. However, the evidence from toxicological studies in monkeys, where despite escalating 
doses of sacituzumab govitecan produced only off-target SN-38 associated toxicities, including 
neutropenia and diarrhea, suggest no major significant histopathological changes in the 
majority of Trop 2 expressing normal tissues (e.g., skin, trachea, pancreas, kidneys, cervix, and 
uterus) [79]. In clinical trials, no significant Trop 2 expression mediated toxicities were 
observed; however, the sacituzumab govitecan produced severe neutropenia, severe diarrhea, 
severe vomiting and nausea (FDA Blackbox Warning). One important feature of this ADC is 
that following administration, more than 90% of SN-38 is released from the ADC within 3 
days, and the free SN-38 was cleared rapidly, attenuating the off-target toxicity [70]. 
The major toxicities of irinotecan, the parent molecule of SN38 are mainly neutropenia and 
diarrhea. SN-38 is a semi-synthetic camptothecin which is the active component of irinotecan. 
After irinotecan administration, SN-38 is eliminated rapidly by the liver into the intestinal tract 
as the inactive SN-38 glucuronide (SN-38G) form, while SN-38G recirculates by the 
enterohepatic circulation, delaying its elimination, but eventually, bacteria in the intestine 
convert SN-38G to SN-38, resulting in “late” diarrhea [80]. In clinical trials with sacituzumab 
govitecan, neutropenia was the main cause of dose delays or reduction. However, the 
percentage of diarrhea, precisely grade 3 or 4 diarrhea in patients given 10 mg/kg, was much 
lower than that of irinotecan therapy, most likely because of the very low SN-38G level in the 
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serum after sacituzumab govitecan administration where SN-38 bound to IgG is largely 
protected from glucuronidation.  
  
5.3.3. DS-1062 
DS-1062 (datopotamab deruxtecan) is comprised of a humanized anti-Trop 2 monoclonal 
antibody attached to a novel DNA topoisomerase I inhibitor, exatecan derivative (DXd) by a 
tetrapeptide-based linker, as the payload with a DAR of 4.[81] A Phase I, open-label, multiple-
dose, first-in-human study (NCT03401385) of DS-1062 in patients with advanced solid tumors 
is currently ongoing to evaluate the safety, tolerability, and efficacy in NSCLC and/or TNBC 
participants [82]. Up to November 2019, 95 patients had received more than one dose of DS-
1062, and 22 patients of the 88 response-evaluable patients achieved PR [83]. The estimated 
primary completion date is January 1, 2022. Another Phase II trial (NCT04484142) in patients 
with advanced or metastatic NSCLC with actionable genomic alterations had recently been 
initiated to determine the efficacy of 2 doses of DS-1062 (6mg/kg and 8mg/kg, every 3 weeks) 
in those patients.  The most recent DS-1062 efficacy data in NSCLC patients showed a 27% 
(23/85) ORR in unselected Trop 2 expression and in last line therapy (post platinum and 
checkpoint inhibitor) NSCLC patients; sustained durable responses were observed in 23 
NSCLC patients with three patients lasting beyond 12 months (the virtual 2020 ASCO Annual 
Meeting in May). It is important to note that data also pointed out for a potential critical safety 
issue that requires attention. Overall, there was eight (5.8%) occurrences of drug-related 
interstitial lung disease with two deemed grade 5, one grade 3, and four Grade 2. 
 
5.3.4. Other anti-Trop 2 ADCs 
Several other anti-Trop 2 ADC products, such as BAT8003 and SKB264, have entered the 
clinical trial stage. BAT8003, an ADC containing an uncleavable linker and a maytansine 
derivative as the payload, had been shown to be effectively internalized upon binding to Trop 
2, and to inhibit proliferation and tumor growth in both in vitro and in vivo models [84]. 
BAT8003 was designed to possess enhanced ADCC effects through afucosylation of the 
antibody, compared with sacituzumab govitecan lost as much as 60% of ADCC after 
conjugation [85]. A Phase I trial (NCT03884517) is undergoing to evaluate the safety, 
tolerability and pharmacokinetics of BAT8003 as a single agent in subjects with Trop 2 positive 
cancers. SKB264 is an optimized Trop 2-targeting ADC with a belotecan-derived payload and 
currently being evaluated in Phase I/II study (NCT04152499) where the safety, efficacy, and 
clinical activity of SKB264 as a mono-therapeutic agent will be determined in specified tumor 
types, including ovarian epithelial cancer, gastric adenocarcinoma, pancreatic adenocarcinoma, 
TNBC and bladder cancer [86]. 
 
5.4.  Anti-Trop 2 cell therapy  
Several Trop 2-targeting chimeric antigen receptor-T (CAR-T) cells have presented their 
activities against various epithelial tumor cell lines, such as breast, prostate, and pancreatic 
tumor cells. However, these CAR-T cells unavoidably caused the “off-target” effect by killing 
Trop 2 negative cells in the presence of Trop 2 positive cells as activated CAR-T cells induced 
cell apoptosis through death receptors [87]. To overcome the high heterogeneity and complex 
tumor microenvironment in solid tumors and abolish the non-specific cytotoxicity, a novel bi-
specific Trop 2/programmed death-ligand 1 (PD-L1) CAR-T have recently been developed and 
shown enhanced tumor-killing effect on gastric cancer cells over monospecific CAR-T cells 
(Trop 2 CAR-T and PD-L1 CAR-T) [88]. Due to the baseline expression of Trop 2 in normal 
tissues, further studies are warranted to compare the antitumor effects of those CAR-T cells 
towards cells with different expression levels of the Trop 2 antigen.  
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On the other hand, a Trop 2-targeting “dual-gate” CAR-T strategy is being deployed to enhance 
the specificity and alleviate potential “off-tumor” toxicity of carcinoembryonic antigen-related 
cell adhesion molecule 5 (CEACAM5) CARs in neuroendocrine prostate cancer (NEPC) [89]. 
CEACAM5 is highly expressed in a broad range of tumors, including those of the 
gastrointestinal tract and NEPC, and thus has been extensively explored as a therapeutic target 
[90]. However, results from the clinical trial on the first-generation CEACAM5-specific CAR 
T cells were disappointed with unfavorable “on-target, off-tumor” toxicity [91]. As Trop 2 is 
overexpressed in NEPC with limited nonoverlapping expressions with CEACAM5 in normal 
tissues, a “dual-gate” CAR-T is equipped with Trop 2 targeted CAR in addition to CEACAM5 
targeted CAR is being explored to mitigate the toxicity [92,93]. 
 
5.5.  Combination therapy 
Trop 2 targeted therapy as part of combination therapy appears promising for the treatment of 
various solid tumors. A potential advantage of concurrent administration is to maximize 
synergistic interactions between the two or more therapies; however, toxicities of combination 
therapies must be carefully evaluated. The combinations of Trop 2 targeted and other 
therapeutics have been demonstrated to be a rational and pursuable strategy in many ways. For 
example, it is reported that cisplatin-induced Trop 2 surface expression in human lung cancer 
cells meanwhile Trop 2 inhibition could reverse the chemotherapy-induced immuno-resistance 
via interaction with MAPK pathway, implicating potential benefits of combining Trop 2 
targeted therapeutics with chemotherapy [94].  Because Trop 2 is a potent predictor of tumor 
response to AKT inhibitors, Trop 2 targeted approaches may be a useful partner for AKT-
dependent tumors [95]. Given the clinical benefit of sacituzumab govitecan, several 
combination strategies with Trop 2 ADC have been investigated. Members of the ATP-binding 
cassette (ABC) transporters are a frequent cause of chemotherapy resistance by active drug 
efflux. ABCG2 inhibitors were able to restore the tumor sensitivity to SN-38, meanwhile the 
combination of an ABCG2 inhibitor and sacituzumab govitecan significantly improved 
survival in mice bearing SN-38 resistant tumors [96]. 
Over the past two decades, advances have been achieved in cancer treatment with the 
development of targeted therapies that work on blocking the drivers of tumorigenesis as well 
as with recent immunomodulatory therapies that enhance a patient's antitumor immunity. 
Targeted therapies produce profound but transient clinical responses in corresponding tumor 
types, whereas tumor escape and relapse tend to arise over time after an initial response. On 
the contrary, immunotherapies can elicit durable responses across multiple tumor types. The 
idea of combining the targeted therapy with immunotherapy has led to a surge of research and 
clinical development, aiming to deliver a complete and durable clinical response in cancer 
patients. As to Trop 2 ADC, the combinations of sacituzumab govitecan with anti-PD-1/PD-
L1 immunotherapies are being evaluated for the efficacy and safety in patients with TNBC 
(NCT03424005) and urothelial cancer (NCT03547973). Meanwhile, the safety and treatment 
activity of DS-1062 in combination with pembrolizumab is also been assessed in participants 
with advanced or metastatic NSCLC without actionable genomic alterations who have had 
previously treated with platinum-based therapy with or without prior immunotherapy 
(NCT04526691). One of the advantages of this combination is that both DS-1062 and 
Pembrolizumab are given every 3 weeks on Day 1 of each 21-day cycle.  
Sacituzumab govitecan combined with various poly (ADP-ribose) polymerase (PARP) 
produced additive and synergistic effects on antitumor activities and tumor suppression 
compared with monotherapy in mice bearing xenografts of TNBC, regardless of BRCA1/2 
status [97]. Their combinations are currently being examined clinically in solid tumors 
(NCT04039230; NCT03992131). In ESMO 2020, Yap et al. reported the initial data from the 
SEASTAR study evaluating the safety and preliminary efficacy of the combination of 
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sacituzumab govitecan and rucaparib in patients with solid tumors (ESMO 2020; Poster 
number: 547P). Five of 6 patients experienced grade 3/4 neutropenia but were able to continue 
treatment for at least 12 weeks; three patients, diagnosed with TNBC, serous ovarian cancer 
and endometrial cancer respectively, had confirmed PR, while the other 3 patients achieved 
SD. Further evaluation of the combination is warranted. 
Given the multitude of signaling pathways Trop 2 is involved in, rational targets should be 
explored to facilitate the combination of Trop 2 targeted therapeutics with other antitumor 
agents.  
 
6. Summary 
The selection of right targets is crucial but challenging for targeted therapy. The key challenges 
for ADC development are summarized in Table 3. The rationale of Trop 2 as a desired 
therapeutic target is principally based on the following characteristics: 1) Trop 2 is a oncogenic 
antigen  overexpressed across various solid tumors with limited expression and homeostasis 
roles in normal tissues; 2)  preclinical in vivo models, completed and ongoing clinical trials 
have demonstrated a robust antitumor activities and favorable therapeutic indexes with Trop 2 
targeted therapy (Table 4). The complexity of Trop 2 structure and function makes the 
development of small molecule inhibitors highly challenging. On the other hand, unarmed anti-
Trop 2 mAbs  have not because of their abilities to deliver antitumor cytotoxic warheads have 
demonstrated meaningful treatment benefits. Trop 2 ADCs prove to be effective in the 
treatment of an expanding list of solid tumors, and they are actively being evaluated in 
combination with other cancer therapies. Future product development in this field may involve 
bi-specific mAbs and ADCs, cell therapies, rational therapeutic combinations and novel drug-
delivery modalities. 
 
Table 3. The key challenges for ADC development. 
Tumor Related ADC Related 
 Majority of human neoplastic cells are 

not necessarily proliferative in nature; 
they grow opportunistically.  

 Target expression is highly 
heterogeneous in most tumors. 

 Tumor stem cells are highly resistant to 
most cytotoxic drugs. 

 Nearly all tumors develop resistance to 
most anticancer therapies. 
 Loss of target, increased shedding 

(limiting entry of ADCs) 
 Modulation of molecular pathways 

with the loss of sensitivity to the 
warhead 

 Poor uptake of ADCs in tumors (< 2% of 
the injected dose)   

 High off-target toxicities in cancer 
patients 

 High off-tumor  normal tissue 
biodistribution and poor intra-cellular 
trafficking  

 Development of resistance to the 
warhead 
 Efflux transporters mediated  
 Transport related inability to reach 

target sites (e.g., nuclear DNA) 
 Enhanced metabolism of the warhead 

and DNA repair 
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Table 4.  Comparisons of different Trop 2 targeted modalities. 
Trop 2 targeted 
modalities 

Pros Cons Development 
stage 

Promises 

Small molecule 
inhibitor 

Intracellular target; oral 
availability 

Require direct inhibition 
of the functional activity 
of the target protein and 
suitable binding pockets; 
high systemic drug 
exposures to achieve 
occupation 

Unavailable  No  

Monospecific 
antibody 

High binding affinity 
and specificity; 
prolonged PK profile; 
allow protein-protein 
interaction 

Cannot cross the 
membrane; need 
parenteral delivery 

Preclinical Yes  

Bispecific antibody Allowing binding to two 
separate antigens or 
epitopes; high target 
specificity and 
therapeutic potency 

Depending on engaging 
the body's immune 
system; cytokine release 
syndrome; need parenteral 
delivery 

Preclinical Yes  

ADC High specificity; wide 
therapeutic window; 
slow drug resistance 

Unpredictable toxicity; 
need parenteral delivery 

Clinical Yes 

T Cell therapy Prolonged effective 
period (“living drug”) 

Depending on engaging 
the body's immune 
system; cytokine release 
syndrome; high cost 

Preclinical Yes  
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