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INTRODUCTION

Trophoblast cell-surface antigen-2 (Trop-2) protein 
as a target for antibody-drug conjugates (ADC)

Trop-2 (also called epithelial glycoprotein-1, gastrointes-
tinal antigen 733-1, membrane component surface marker-1, 
and tumor-associated calcium signal transducer-2), is a 
product of the TACSTD2 gene located at 1p32.1 reviewed in 
Goldenberg et al. [1]. Trop-2 is a 40-kDa glycoprotein that was 
the first described transducer of intracellular calcium signal-
ing [2,3]. It contains a 274-amino-acid extracellular epidermal 
growth factor-like repeat portion with three domains, a cyste-
ine-rich domain, a thyroglobulin type-1 domain, and a cyste-
ine-poor domain [1]. The Trop-2 protein interacts with mul-
tiple cellular regulators, including Insulin-like growth factor 
1, claudin-1, claudin-7, cyclin D1, and Protein kinase C [1]. In 

addition, various transcription factors closely interact with the 
TACSTD2 gene, including HNF4A, TP63/TP53, WT1, ERG, 
HNF1A/TCF-1, and FOXP3 [4,5].

Trop-2 expression was originally described in trophoblasts 
(placenta) and fetal tissues (e.g.  lungs). Its expression was subse-
quently described in the normal stratified squamous epithelium of 
the skin, uterine cervix, esophagus, and tonsil crypts [6]. However, 
many normal tissues lack or show low Trop-2 protein expression 
(e.g.  colon, kidney, liver, lung, prostate, and breast) [1]. Figure  1 
shows the lack of Trop-2 expression in normal ductal epithelium 
whereas neoplastic breast cells strongly overexpress Trop-2.

Aberrant Trop-2 overexpression has been described in 
various solid cancers, including those with low Trop-2 expres-
sion in their normal counterparts (e.g.  colorectal, renal, lung, 
and breast carcinomas) (reviewed in Goldenberg et al. [1] and 
Shvartsur and Bonavida [7]). Trop-2 plays a role in tumor pro-
gression, given its active interplay with several key molecular 
pathways traditionally associated with cancer development and 
progression [1]. High Trop-2 expression usually confers a poor 
outcome [8]. In a meta-analysis by Zeng et al. that included 2569 
cancer patients (reflecting 13 common solid malignancies), 
increased Trop-2 expression was particularly associated with 
poor overall survival (OS) and disease-free survival outcomes 
in patients with gastrointestinal and gynecological malignan-
cies [8]. Despite the marked limitations of this study (inconsis-
tency in Trop-2 assessment and definition of Trop-2 positiv-
ity), the authors concluded that a frequent Trop-2 expression 
in the majority of solid tumors and its association with a poor 
prognosis provided a good rationale to target Trop-2 for ther-
apeutic purposes [8]. The Trop-2 expression has also been 
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ABSTRACT

Antibody-drug conjugates represent a new class of highly potent antineoplastic drugs built by attaching a small molecule of an anticancer drug 
(payload) or another therapeutic agent to an antibody recognizing an epitope on the targeted cells. Trophoblast cell-surface antigen-2 (Trop-2) 
was originally described in trophoblasts and fetal tissues, but subsequently its overexpression has been demonstrated in various solid malignan-
cies. Sacituzumab govitecan (SG), a conjugate of anti-Trop-2 antibody and SN-38 payload (an active metabolite of irinotecan), is the first in the 
class that has been clinically validated and approved by the Food and Drug Administration for the treatment of metastatic triple-negative breast 
(2020) and urothelial carcinomas (2021). In the current review, we summarize and critically appraise the most recent advances with regard to 
SG, emphasizing the predictive biomarker analysis.
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carcinoma), and Inotuzumab ozogamicin (for B-cell acute lym-
phoblastic leukemia) among others [20,23-26]. Very recently 
(December 2019), the Food and Drug Administration (FDA) 
granted accelerated approval for trastuzumab deruxtecan for the 
treatment of unresectable or metastatic HER2-positive breast 
cancer [27]. In addition, enfortumab vedotin was approved for 
the treatment of locally advanced or metastatic urothelial car-
cinoma [23] (an overview of selected ADCs approved for the 
breast and urothelial carcinomas is provided in Table 1).

ADCs are a rapidly expanding class of agents with 160 
drugs included in preclinical and >70 in clinical trials [20,23]. 
Nine ADCs have already entered the clinical practice [28]. 
Two recently approved indications of anti-Trop-2 ADCs are 
discussed in the following paragraphs.

ADC USING TROP-2 AS A HOMING 
TARGET

Two different ADCs targeting the Trop-2 protein have 
been synthesized, including Sacituzumab govitecan (SG) and 
RN927C. SG is a conjugate of anti-Trop-2 antibody and SN-38, 
while in RN927C anti-Trop2 antibody is coupled to a microtu-
bule inhibitor derivate auristatin [1] (Table 1). SG is the first in 
the class that has been clinically validated and approved by the 
FDA for heavily pretreated metastatic triple-negative breast 
and urothelial carcinomas (Table 1). Several other anti-Trop2-
based drugs are currently available preclinically, but have not 
yet entered the clinical trials.

SG (IMMU-132)

SG is a novel, third generation of ADCs [29]. It is composed 
of a humanized anti-Trop-2 immunoglobulin (Ig)G antibody 

described in some rare and aggressive malignancies, such as 
salivary duct carcinomas [9], anaplastic thyroid carcinomas 
[10], uterine/ovarian carcinosarcomas [11,12], and neuroendo-
crine carcinoma (NEC) of the prostate [13]. In prostate NEC, 
Trop-2 appears to closely interplay with the Poly ADP-ribose 
polymerase enzyme promoting neuroendocrine phenotype 
and aggressiveness of prostate cancer [13]. We recently reported 
Trop-2 in ~20% of mammary NEC (Figure 1) [14]. In contrast, 
our study on cervical NEC revealed marginal (<5% of tested 
samples) Trop-2 protein expression [15]. Lower Trop-2 expres-
sion has also been described in pulmonary and thyroid neuro-
endocrine neoplasms, which is in contrast to the Trop-2 status 
in their conventional histotypes (e.g. pulmonary adenocarcino-
mas and papillary thyroid carcinomas, respectively) [16-18].

ADC

ADCs represent a new generation of highly potent anti-
neoplastic drugs [19]. These drugs are built by attaching a 
small molecule of an anticancer drug (payload) or another 
therapeutic agent to an antibody, using either a permanent 
or a labile linker. The antibody targets a specific antigen that 
is preferably over-expressed on malignant cells [20,21]. The 
linker connects the cytotoxic drug (payload) with the mono-
clonal antibody and it is responsible for the ADC maintenance 
and stability in the circulation [21].

Although the first ADCs were synthesized >55  years ago 
(coupling cyclic chemotherapeutics to immune gamma glob-
ulins) [22], their clinical relevance has been limited until 2000 
when Gemtuzumab ozogamicin was approved for CD33-
positive acute myelogenous leukemia [23]. A decade ago, other 
ADCs also entered clinical practice, such as Brentuximab 
vedotin (for Hodgkin lymphoma and anaplastic large cell lym-
phoma), Trastuzumab emtansine (for HER2-positive breast 

FIGURE 1. A case of neuroendocrine carcinoma of the breast with trophoblast cell-surface antigen-2 (Trop-2) protein expression 
(antibody clone Anti-human Trop-2, R and D Systems). Note the membranous expression of Trop-2 protein in cancer cells; the 
normal breast duct (in the mid part of the figure, red arrow) lacks Trop-2 expression (10× magnification). This case was previously 
reported in the study by Vranic et al. [14].
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BREAST CANCER

In April 2020, the FDA granted accelerated approval to 
SG (TRODELVY, Immunomedics, Inc.) for the patients with 
metastatic TNBC that was treated with at least two prior 
treatment modalities for their metastatic disease [34]. It is the 
first ADC that has been approved by the FDA for relapsed 
or refractory metastatic TNBC and is also the first FDA-
approved anti-Trop-2 ADC.

The FDA decision was based on the efficacy of SG that 
had been demonstrated in the IMMU-132-01 (NCT 01631552) 
clinical trial [35]. NCT 01631552 was a multicenter, single-arm 
study that enrolled 108  patients with metastatic TNBC. All 

that is conjugated through a hydrolyzable linker to SN-38, 
which is an active metabolite of irinotecan [1,30-32]. Irinotecan 
is a camptothecin that inhibits the nuclear topoisomerase 
I enzyme, thereby inducing double-stranded DNA breaks 
during the S-phase of the cell cycle [33] (Figure 2). Enhanced 
SG uptake by the cancer cells is achieved by the conjugation 
of a higher number of SN-38 molecules to the Ig. This leads to 
a drug to antibody ratio = 7-8:1, administration of higher doses 
(10 mg/kg) and repeated therapy cycles of SG (Days 1 and 8 of 
21-day cycles) [33].

SG (IMMU-132) ACTIVITY IN 
TRIPLE-NEGATIVE BREAST CANCER 
(TNBC) AND OTHER SUBTYPES OF 

TABLE 1. Overview of the antibody-drug conjugates approved for breast (triple-negative and HER2-positive) and urothelial 
carcinomas. ADCs approved for other indications are not listed

Name Year of approval* Indication (tumor type) Target Payload (cytotoxic drug) (mechanism of action)
Trastuzumab emtansine 2013 HER2-positive breast carcinoma HER2 Maytansine (microtubule inhibitor)
Enfortumab vedotin 2019 Urothelial carcinoma Nectin-4 Auristatin (microtubule inhibitor)
Trastuzumab deruxtecan 2019 HER2-positive breast carcinoma HER2 Deruxtecan (topoisomerase I inhibitor)
Sacituzumab govitecan 2020 Triple-negative breast carcinoma Trop-2 SN-38 (irinotecan) (topoisomerase I inhibitor)
Sacituzumab govitecan 2021 Urothelial carcinoma Trop-2 SN-38 (irinotecan) (topoisomerase I inhibitor)

*The ADCs are listed in chronological order (per approval). All drugs are approved by the Food and Drug Administration, Trop-2: Trophoblast 
cell-surface antigen-2

FIGURE 2. Signaling pathways and genes involved in the irinotecan (and SN-38) metabolism in different compartments of the 
human body (blood, bile, and intestine) (reproduced from [73] and from the PharmGKB Pathways [74].
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the enrolled patients received at least two prior therapies for 
their metastatic disease (median: 3, range, 2–10 therapies). The 
patients received SG 10 mg/kg intravenously on days 1 and 8 
every 21  days. Furthermore, tumor imaging was done every 
8 weeks, and patients were treated until disease progression or 
intolerance to therapy. The two primary outcomes included 
overall response rate (ORR) and response duration. The ORR 
was 33.3% (95% CI: 24.6-43.1), while the median response dura-
tion was 7.7 months (95% CI: 4.9–10.8) [35]. The recommended 
SG dose was 10 mg/kg administered by intravenous infusion 
on days 1 and 8 every 21 days until disease progression or unac-
ceptable toxicity  [35]. The most severe side effect reported 
was myelotoxicity (anemia and neutropenia including febrile 
neutropenia that affected 9% of the treated patients) [35]. This 
trial led to the accelerated FDA approval, which was based on 
ORR and response duration outcomes [34]. Further verifica-
tion of clinical benefits of SG in TNBC has just been reported 
in a confirmatory, randomized, phase 3 trials [36]. The trial 
included 468 patients with metastatic TNBC, excluding brain 
metastases. The patients were randomly assigned to either 
SG or classical chemotherapy groups. The objective response 
rate was significantly higher (35%) in the SG group compared 
with the chemotherapy group (5%). Consequently, the two 
groups differed significantly concerning the median progres-
sion-free survival (PFS) (5.6  months with SG vs. 1.7  months 
with chemotherapy) and median OS (12.1 months with SG vs. 
6.7 months with chemotherapy). However, myelosuppression 
and diarrhea were more prevalent in the SG group, the authors 
reported no deaths directly related to the SG treatment [36].

Trop-2 expression has also been described in estrogen 
receptor (ER)-positive breast cancers [1,37-39], although 
it appeared to be lower than in TNBC. This was observed 
in breast cancer cell lines [40] and in breast tumor sam-
ples  [14,38,39,41-43] (Figure  1). Recent data also indicate a 
promising therapeutic activity of SG in patients with luminal 
(ER+) subtype of breast cancer [44]. Thus, a phase I/II sin-
gle-arm basket trial involving 54 heavily pretreated patients 
with ER+/HER2- breast cancer revealed convincing therapeu-
tic effects of SG [44]. At a median follow-up of 11.5 months, 
the ORR was 31.5%, median duration of response (DOR) 
was 8.7 months, and median PFS was 5.5 months, while the 
median OS was 12 months [44]. A new Phase III clinical trial 
(TROPiCS-02 study, NCT03901339), evaluating SG versus 
standard treatment in ER+/HER2- metastatic breast cancers, 
has also been initiated recently and is expected to provide data 
in the near future [45].

SG IN UROTHELIAL CARCINOMA

Just a year after the first approval for TNBC, the FDA, 
in April 2021, has granted another accelerated approval for 

SG [46]. The drug was approved for patients with locally 
advanced and/or metastatic urothelial carcinomas who had 
previously received platinum-containing chemotherapy or 
immune checkpoint inhibitors (against Programmed cell 
death receptor/PD-1/or its ligand PD-L1). Efficacy and safety 
of SG were evaluated in the TROPHY-U-01 trial (IMMU-
132-06; NCT03547973) [47]. Patients received SG, 10 mg/kg 
intravenously, on days 1 and 8 of a 21-day treatment cycle. 
The main efficacy endpoints were ORR and DOR. ORR 
and DOR were evaluated by independent review using the 
response evaluation criteria in solid tumors (RECIST) 1.1 
criteria. The confirmed ORR was 27%, with six patients (5%) 
having complete responses and 25  patients (22%) with par-
tial responses [47]. The median DOR was 7.2 months, while 
the median OS was 10.9 months. The most common adverse 
reactions (grade ≥3) in patients receiving SG were neutro-
penia (35%), leukopenia (18%), diarrhea (10%), and febrile 
neutropenia (10%). In addition, 6% of the patients had to dis-
continue the treatment due to severe side effects of SG [47]. 
Interestingly, this trial included a routine assessment of the 
Uridine diphosphate glucuronosyltransferase (UGT1A1) 
gene polymorphisms [47]. Among other functions, this iso-
form of the UGT1 enzyme glucoronates (inactivates) SN-38 
in the liver [48]. However, the presence of the UGT1A1*28 
variant that causes reduced UGT activity is associated with 
the increased risk of irinotecan toxicity. The study confirmed 
that the presence of UGT1A1*28 was associated with an 
increased risk of neutropenia in patients with urothelial car-
cinoma [47].

The recommended SG dose was 10 mg/kg once weekly 
on days 1 and 8 of 21-day treatment cycles until disease 
progression or unacceptable toxicity. This indication is 
approved under accelerated approval based on tumor 
response rate and DOR. Continued approval of SG for 
this indication will largely be dependent on the further 
verification and description of clinical benefits of SG in 
a confirmatory Phase III trial (3 TROPiCS-04 trial and 
NCT04527991) [49]. This trial was initiated in November 
2020 and is expected to involve approximately 600 patients 
with advanced/metastatic urothelial carcinomas. No pre-
dictive testing is planned for this trial, which is currently in 
the recruitment phase [49].

PREDICTIVE BIOMARKERS OF SG 
EFFICACY

The use of standard molecular marker testing for cancer 
patient’s helps guide targeted therapy decisions and advances 
personalized care for these patients. Leading professional 
bodies (e.g. ASCO, ESMO, and CAP) have been continuously 
putting efforts into developing and improving the standards of 
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molecular testing in oncology. The ASCO’s recent report on 
advances in cancer research and treatment further highlighted 
the importance of biomarker testing (both tissue- and blood-
based) in predicting the response, cancer control, side effects, 
and resistance [50].

There is also emerging evidence indicating that the effi-
cacy of ADCs depends on how their components (antibody, 
linker, and payload) interact with the cancer cells and tumor 
microenvironment [28].

Experimental preclinical in vitro and in vivo data indicate 
that cell lines that strongly overexpress Trop-2 protein are 
highly sensitive to SG [51-55]. Further evidence of the exper-
imental efficiency of SG in Trop-2 positive cells was provided 
in the study by Cardillo et al. [51]. The authors transfected 
TROP-2 cDNA into the MDA-MB-231 cell line (TNBC cell 
line), which normally exhibits low Trop-2 protein expression 
and is unresponsive to SG. However, the transfection resulted 
in a four-fold increase in Trop-2 expression followed by a sig-
nificantly higher sensitivity of the breast cancer cells to SG [51].

Phase 1 trial with SG included 25  patients with diverse 
solid tumors and included predictive immunohistochemistry 
(IHC) testing for Trop-2 protein; 16 cases had tissue available 
for Trop-2 IHC, revealing no significant association between 
the tissue expression of Trop-2 and response to SG [56]. The 
lack of association in the reported trial could be due to the 
small sample size. The Phase I/II clinical trial of Bardia et al. 
[57] that reported the therapeutic benefit of SG in TNBC also 
included a routine IHC assessment of Trop-2 protein expres-
sion with a cutoff of 10%. In contrast to the Phase 1 trial, the 
authors reported a good association between the IHC expres-
sion of Trop-2 and clinical response to SG [57]. These results 
are in line with preclinical studies. However, two later phase 
clinical trials on Trop-2 ADC, including the Phase III clinical 
trials [35,36] did not routinely test the cancer specimens for 
predictive markers (neither Trop-2 nor Topoisomerase I). This 
may be acceptable given that TNBC is considered a Trop-2 
protein-positive cancer as reported by Goldenberg et al. (~85% 
positivity rate) [1,37] and 73% in the study of Ambrogi et al. [38]. 
However, Khoury et al. [58], using the same threshold (10%) 
for Trop-2 positivity as in Phase I/II trials, reported that only 
56% of TNBC were positive for Trop-2 protein. Furthermore, 
this study found that a substantial discrepancy exists in Trop-2 
expression between the primary (49%) and metastatic TNBC 
(64%) [58]. Intratumoral heterogeneity of Trop-2 expression 
was also highlighted in the study of Ambrogi et al. [38].

An initial small pilot study (IMMU-132) involving only 
six heavily pretreated patients with urothelial carcinoma 
included Trop-2 IHC testing on archival urothelial carcinoma 
specimens revealed a strong Trop-2 protein expression with a 
positive correlation to therapy response [59]. A  larger, Phase 
I/II study on urothelial carcinoma (IMMU-132) involved 

45  patients with metastatic urothelial carcinoma but did 
not include predictive biomarker testing [60]. A subsequent 
TROPHY study did not include the biomarker testing either. 
Apart from the publicly available data in the Human Protein 
Atlas [61], very limited information is available concerning 
the Trop-2 status in urothelial carcinoma. The only two stud-
ies available on PubMed/MEDLINE are those of Avellini 
et al. [62] and Stepan et al. [6]. The first one is based on a small 
number of invasive urothelial carcinomas (n = 10), revealing 
significantly higher Trop-2 protein expression in invasive car-
cinomas than non-invasive urothelial carcinomas and normal 
urothelium [62]. The latter included various normal and can-
cer tissues of human and mouse origin, indicating a common 
Trop-2 overexpression in urothelial carcinoma [6].

An active component (payload) of SG is SN-38, which is 
itself an active metabolite of irinotecan. Irinotecan is a well-
known anti-proliferative drug that has been used for the 
treatment of metastatic colorectal cancer (CRC) [63]. The 
key molecular target of irinotecan is the topoisomerase I 
(Topo-1) protein, which belongs to the topoisomerase fam-
ily of enzymes that are essential in unwinding coiled DNA 
to facilitate the replication and transcription of the cells [64] 
(Figure 2). Topo-1 is a nuclear enzyme that is required for rep-
lication and unwinding DNA and preventing lethal strand 
breaks [65,66]. SN-38 is a cytotoxic drug that destabilizes 
the Topo-1/DNA covalent complex formed in the CRC cells 
(Figure 2). It induces irreversible double-strand breaks, leading 
to S-phase arrest, and cell death. This is done by attaching the 
SN-38 molecule to the complexes and blocks future replica-
tion forks preventing repairs of double-strand breaks [66-68].

Topo-1 protein has been found frequently overexpressed 
in various solid malignancies, including breast cancer [69,70]. 
A large study by Heestand et al., based on >3,000 breast can-
cer samples, revealed Topo-1 protein positivity in about 64% 
of cases [69], while our study in TNBC revealed Topo-1 over-
expression in about 70% of the cases [70]. Heestand et al. also 
reported that 56% of urothelial carcinomas overexpressed 
Topo-1 expression [69], while our comprehensive theranostic 
study on urothelial bladder carcinoma reported the Topo-1 
positivity rate of 63% [71]. However, the clinical trials failed to 
confirm a therapeutic benefit of irinotecan alone in patients 
with advanced/metastatic urothelial carcinomas that were 
previously treated with one systemic chemotherapy regimen 
(cisplatin or carboplatin) [72].

Although classical cytotoxic drugs are distinguished from 
targeted drugs and are generally given to patients without prior 
biomarker testing, it may be reasonable to further explore the 
tumor Topo-1 status for its capacity to optimize the response 
to the drugs such as SG. Our literature survey revealed very 
limited information in this regard. Cardillo et  al. [30] pro-
vided solid evidence that SG is more efficient in homologous 
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recombination repair (HRR)-proficient cancer cells with a 
high Trop-2 expression as well as in the HRR-deficient can-
cers with low to moderate Trop-2 protein expression [30]. 
A clinical study of Khoury et al. [58] utilizing the expression of 
both Trop-2 and Topo-1 in a cohort of primary and metastatic 
TNBC revealed that ~30% Trop-2-positive cancer were Topo-1 
negative. No study (either preclinical or clinical) is currently 
available regarding the co-expression of Topo-1 and Trop-2 in 
urothelial carcinoma or other carcinomas. This is an opportu-
nity to develop predictive double biomarker testing for optimi-
zation of therapy of complex drugs such as SG and other ADC.

CONCLUSION

ADCs development and their clinical utility represent one 
of the most rapidly expanding fields in oncology, with nine 
currently approved ADCs in clinical practice. In addition, 
approximately 160 drugs are already included in preclinical 
and >70 in clinical trials. Although several ADCs, including 
anti-Trop-2 ADC, have already demonstrated marked thera-
peutic activity in various hard-to-treat cancers such as meta-
static TNBC, HER2-positive, or urothelial carcinomas, more 
attention should be paid to the identification and develop-
ment of predictive biomarkers to enhance their efficacy. In 
addition, a more in-depth and comprehensive understand-
ing of these complex drugs, including the selection of the cell 
surface targets, antibodies, cytotoxic payload, and the linker 
technology, will definitely enhance and optimize the efficacy 
of these promising anticancer agents.
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