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Simple Summary: Trophoblast cell surface antigen-2 (Trop-2) is a widely expressed glycoprotein
on a variety of different tumours. Trop-2 is considered as a marker of germ cells and is associated
with regenerative ability in several tissues. Some studies demonstrated both oncogenic and tumour
suppressor roles for Trop-2. In recent years, the therapeutic value of Trop-2 was identified and
various studies with drug—-antibody conjugates have been pursued in cancer patients. In this work,
we reviewed both the pre-clinical and clinical activities of anti-Trop-2 therapy to highlight the future
developments of these therapies.

Abstract: Trophoblast cell surface antigen-2 (Trop-2) is a glycoprotein that was first described as
a membrane marker of trophoblast cells and was associated with regenerative abilities. Trop-2
overexpression was also described in several tumour types. Nevertheless, the therapeutic potential of
Trop-2 was widely recognized and clinical studies with drug-antibody conjugates have been initiated
in various cancer types. Recently, these efforts have been rewarded with the approval of sacituzumab
govitecan from both the Food and Drug Administration (FDA) and European Medicines Agency
(EMA), for metastatic triple-negative breast cancer patients. In our work, we briefly summarize
the various characteristics of cancer cells overexpressing Trop-2, the pre-clinical activities of specific
inhibitors, and the role of anti-Trop-2 therapy in current clinical practice. We also review the ongoing
clinical trials to provide a snapshot of the future developments of these therapies.
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1. Background
1.1. TROP-2 Biology and Functions

The transmembrane glycoprotein trophoblast cell surface antigen-2 (Trop-2) is widely
expressed in various epithelial cancers as well as in specific normal tissue. Trop-2 is
also known as tumour-associated calcium signal transducer 2 (TACSTD2), membrane
component chromosome 1 surface marker 1 (M151), gastrointestinal antigen 733-1 (GA733-
1), and epithelial glycoprotein-1 (EGP-1) [1].

Trop-2 was initially discovered in placental trophoblastic tissue, and the cells express-
ing this biomarker have the capacity to invade the uterus during placental implantation [2,3].
Lipinski et al. identified four new transmembrane glycoproteins (Trop-1, 2, 3, and 4) ex-
pressed on normal and malignant embryonal cells and, among them, only Trop-2 may
similarly confer the capacity for proliferation and invasion to cancer cells [4].
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Although the physiological function of Trop-2 is not fully clarified and is still under in-
vestigation, Trop-2 is implicated in several intracellular axes, including the MAPK/PI3K/AKT
pathways that are implicated in proliferation, migration, and invasion of cancer cells [5-7].
Overexpression of Trop-2 was associated with accelerated tumour growth and a dismal
prognosis in various types of cancers, including breast, gastric, and ovarian cancers [8-10].
Conversely, in other tumours like non-small cell lung cancer (NSCLC), TROP-2 downregu-
lation and internalization into the cytoplasm, are related to metastasis and recurrence [11].
Trop-2 is also overexpressed in haematologic malignancies like as leukaemia, extranodal
nasal type lymphoma (ENK/TL), and non-Hodgkin’s lymphoma (NHL) [12,13].

These characteristics could make Trop-2 a seductive target for cancer therapy. Cur-
rently, numerous therapeutic strategies with antibodies or antibody-drug conjugates are
being developed to target Trop-2 in specific tumours.

1.2. Trop-2 Properties, Binding Partners, and Signalling Pathways

Trop-2/TACSTD2 was first described in 1981 and its gene is located on chromosome
1p32 [2,4]. The tertiary structure of Trop-2 consists of multiple domains that extend through
the cell membrane. The extracellular domain is composed of a 26-amino acid hydrophobic
peptide and an N-terminal part, the largest part of the molecule consisting of 274 amino-
acids, also known as the ectodomain (Trop-2EC). It is comprised of an epidermal growth
factor-like repeat containing a cysteine-rich domain, a thyroglobulin type-1 domain, and
a cysteine-poor domain, anchored via a single transmembrane helix (TM) followed by a
short intracellular tail (Trop-2IC) [14].

The 30-amino acid cytoplasmic part shows high homology to a HIKE domain [15,16]
and includes a serine residue (S303) that is phosphorylated by protein kinase C (PKC) [17]
and a phosphatidyl-inositol 4,5-bisphosphate (PIP2) binding site [8].

Trop-2 is a member of a protein family (GA733 family) that includes at least two “type
I” membrane proteins: GA733-1 (Trop-2) and GA733-2, also known as EpCAM (epithelial
cell adhesion molecule). Trop-2 and EpCAM exhibit very high similarities in sequence and
structure, with 49% homology and 65% similarity in amino acid repeats and a comparable
arrangement of hydrophilic and hydrophobic parts [14,18]. Nevertheless, the promotor
regions of EpCAM and Trop-2 are unrelated, resulting in different expression patterns [19]
and leading to structural differences in the intracellular domain explaining the distinct
intracellular signalling and functions between Trop-2 and EpCAM [20,21]. Indeed, EpCAM
exhibits its role in cell differentiation, proliferation, and migration through c-myc. On the
contrary, Trop-2 has been reported to interact with several proteins, such as insulin-like
growth factor-1 (IGF-1) 11, claudin-1 and 7, cyclin D1, and PKC. Furthermore, due to the
HIKE domain, the PIP2 binding site, and the serine phosphorylated by PKC, Trop-2 is
involved in calcium signalling through which the MAPK pathway could be activated [5].

1.2.1. IGF-1/IGF-1R

IGF-1, as mentioned above, binds Trop-2 leading to modulation of IGF-1 signalling
and activation through PIP2 and Ca?*. Trop-2 may also bind the receptor of IGR-1 (IGF-1R),
blocking IGF-1 signalling [11] and playing critical roles in cell growth, differentiation,
transformation, and metastasis. This mechanism could explain the different impacts of
Trop-2 overexpression in lung cancer. Indeed, in a lung cancer model, high expression
of Trop-2 suppressed tumour growth by attenuating IGF-1R signalling, likely by binding
IGF-1 [14].

1.2.2. Claudin

Claudin-1 and 7, two transmembrane proteins composing the tight junctions at the
epithelial surface, bind to Trop-2’s ectodomain preventing claudin degradation which
plays a fundamental role in epithelial barrier maintenance. Trop-2 might also indirectly
affect adhesive interactions between cells by modulating the complex formation between
fibronectin and P1 integrin/RACKT1 (receptor for activated PKC) [14].
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1.2.3. ERK1/2

Trop-2 could also initiate the ERK1/2-MAPK axis, leading to malignant transforma-
tion [11], and could dysregulate stem cell function via the Notch, Hedgehog, and Wnt
pathways through the expression and activation of cyclic AMP-responsive element-binding
protein (CREB1), Jun, NF-«B, Rb, STAT1, and STAT3 (Figure 1) [5]. As previously men-
tioned, the MAPK pathway is stimulated by increased Ca?* and phosphorylation of MAPK,
which affects cell cycle progression. Furthermore, ERK activation was observed in vari-
ous tumour types characterized by Trop-2 overexpression, and this ERK1/2 activation is
thought to promote tumour survival through anti-apoptotic effects [5].
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Figure 1. Trop-2 membrane-associated interacting partners and signalling pathways.

1.2.4. NRG1

Trop-2 seems to also directly affect NRG1 via the EGF-like and thyroglobulin repeat
domains in the extracellular region of Trop-2. In a pre-clinical model of HNSCC cells,
Zhang and colleagues knocked down Trop-2 resulting in increased membrane localization
of NRG1 that binds to and increases the activation of ErbB3 [22].

1.2.5. Cyclin D1

Trop-2 could create a fusion product with cyclin D1 (bicistronic cyclin D1/Trop-2) [23]
due to post transcriptional processes. This change could affect the stability of cyclin D1
increasing cell longevity and proliferation and qualifying Trop-2 as an oncogene.

1.2.6. PKC

Lastly, PKC phosphorylates Trop-2's cytoplasmic tail at S303. PIP2 has been suggested
as a phosphorylation regulator of S303 by PKC through activation of the Raf and NF-«B
pathways, promoting cancer cell survival [24].

2. TROP-2 Significance in Cancer

Despite Trop-2 being first identified as a cell surface marker for trophoblast cells, a
great effort has been made to elucidate the role of this marker in cancers [21].

Trop-2 was also detected in stem cells of different tissues, especially in basal cells. As
an example, the expression of TROP- 2 had been associated with self-renewal, regeneration,
and differentiation properties in prostate basal cells [25,26], oval cells after liver injury [27],
and endometrium-regenerating cells [28]. These findings support the role of Trop-2 as a
regulator of stem cell growth which is implicated in the regeneration of various tissues,
perhaps playing a role in physiological events like hyperplasia.

On the other hand, as noted above with few exceptions, its overexpression has also
been associated with the increase in tumour growth, proliferation, and metastasis in various
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epithelial cancers, i.e., head and neck, thyroid, lung, gastrointestinal tract, breast, renal, and
gynaecological cancers, and glioma [29].

Beyond the prognostic value, the real weight of Trop-2 gain of function or Trop-2
loss in tumorigenesis, epithelial-mesenchymal transition (EMT), and mesenchymal trans-
differentiation remains unclear [30,31].

Silencing the Trop-2 gene using small interfering (si) RNA in colon, breast, cervical,
lung, and ovarian cancer cell models led to a suppression of malignant transformation
inhibiting the proliferation, invasion, and the formation of colonies in vitro [30,32-35]. The
knockdown of Trop-2 in gallbladder cancer inhibited vimentin and increased E-cadherin
expression linked to EMT [36]. Trop-2 overexpression seems to be related to an increased
risk of metastasis in patients affected by various cancer types (oral squamous, thyroid,
some oesophageal, gastric, colorectal, pancreatic, ovarian, uterine, cervical, prostate, and
urinary bladder). However, it is not upregulated in others (e.g., head and neck and certain
lung cancers, such as lung adenosquamous and squamous cell carcinoma) [1,29,37-39].

In gastric cancer, the poor prognostic value seems to be related to the co-expression of
Trop-2 and amphiregulin [40], while tumour necrosis factor-o (TNF-«) axes could regulate
this effect in colorectal cancer. Indeed, a low concentration of this cytokine correlates with
an increase in Trop-2 protein expression, while higher concentrations of TNF-« reduce
migration and cell invasiveness [41]. These authors linked these activities to the crosstalk
between TNF-o and the ERK1/2 pathway, showing that an ERK1/2 inhibitor can suppress
the cytokine’s upregulation of Trop-2 [41]. The ERK1/2 pathway was also involved in
pancreatic cancer, gynaecological cancers, and HNSCC, where Trop-2 expression increases the
phosphorylation of ERK1/2 leading to the activation of the ERK/MAPK pathway, increasing
the levels of cyclin D1 and cyclin E that resulted in a cell cycle dysregulation [5,32,42]. High
cyclin D1 expression seems to also be the result of the activation of Trop-2 via in breast
cancer [32,43].

In a prostatic model, Goldstein et al. showed that a malignant transformation could
arise from the Trop-2+ basal cells in immunodeficient mice [26]. Thus, basal cells expressing
Trop-2 and CD44 can develop luminal phenotype tumours [25,26,44,45]. This is consistent
with studies implicating Trop-2 as a critical regulator of 31 integrin activities and promoting
prostate cancer cell motility [3,46]. Interestingly, Trop-2+ exosomes purified from prostate
cancer promote migration of Trop-2-negative prostate cancer cells on fibronectin, suggesting
that Trop-2 could induce cells lacking Trop-2 to gain Trop-2 regulatory properties affecting
migration [47].

The role of Trop-2 in haematological disease is still unclear, since it is expressed in
Hodgkin’s lymphoma and chronic lymphocytic leukaemia!, but not in anaplastic large cell
lymphoma [13].

To summarize, the Trop-2 gene is related to several transcription factors leading to
a dysregulation of the numerous pathways connected with this glycoprotein. Although
not yet fully elucidated, it activates CREB1, Jun, NF-«kB, Rb, STAT1, and STAT3 via induc-
tion of the cyclin D1 and ERK/MEK pathways affecting malignant transformation and
metastasis [8,33,48,49].

3. Strategies to Target Trop-2

Due to the ubiquitous expression in cancer cells with a relatively low expression in
most normal tissues, Trop-2 represents an excellent candidate as diagnostic [50-52] and a
therapeutic target, specifically for antibody-based therapy. Nevertheless, relevant toxicities
have been reported relating to the role of Trop-2 in healthy tissues [37].

Its overexpression in advanced tumours represents an attractive and promising thera-
peutic target [24]. Moreover, Trop-2 is highly expressed in primary neoplasms and has been
proposed to be a landmark for undifferentiated epithelial cells [48]. Several therapeutics
have been designed considering TROP-2 as a target. Although the most advanced in the
clinical setting is represented by antibody-drug-conjugates (ADCs) (Tables 1 and 2).
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Table 1. Published clinical trials with anti-TROP2 drugs.

Clinical Trial

Year of

Experimental

Primary

(NCT) Publication Phase Randomization Disease Setting Arm Control Arm Objective Population (n°) Results Safety—>G3 Event (%)
ORR TNBC 33.3
(24.6-43.1); HR+ BC (31.5
AE/SAE, (19.5-45.6); UR 28.9 . o .
IMMU-132-01 2021 I/11 no solid tumor Advanced Sacituzumab NA RDE, ORR, 495 (16.4-44.3); EC 22.2 ilgsttlfgpgr?ilj ((;122:2;0);11]:111{:
(NCT01631552) Govitecan DOR, CBR, (6.4-47.6); SCLC 17.7 10 3}; ) dianhen (7.9%)
PFS, OS (9.2-29.5); NSCLC 16.7 7o), diarrhea t7.77%
(7.9-29.3); CRPC 9.1
(0.2-41.3);
ORR 35% vs. 5%,
experimental vs. control arm.
PFS 5.6 vs. 1.7 months neutropenia (51% vs. 33%),
eribulin, (hazard ratio for disease leukopenia (10% vs. 5%),
ASCENT . Sacituzumab vinorelbine, 468 (235 and progression or death, 0.41; diarrhea (10% vs. <1%),
(NCT02574455) 2021 It yes TNBC 22 lines Govitecan capecitabine, or PFS 233) 95% C1,032t0 0.52;p <0.001).  anemia (8% vs. 5%), and
gemcitabine OS 12.1 vs. 6.7 months febrile neutropenia
(hazard ratio for death, 0.48; (6% vs. 2%).
95% CI, 0.38 to 0.59;
p <0.001).
neutropenia (51% vs. 38%),
eribulin, leukopenia (9% vs. 5%),
. . R . PFS was 5.5 vs. 4.0 months .
TROPiCS-02 HR+/HER2- Sacituzumab vinorelbine, om0 . diarrhea (9% vs. 11%),
(NCT03901339) 2022 T yes BC Advanced Govitecan capecitabine, or PES 543 HR, 0.66; (95 6 (%62)553 t0 0.83; anemia (6% vs. 3%), and
gemcitabine p=5 febrile neutropenia
(5% vs. 4%).
neutropenia (35%),
ORR 27%; mDoR 7.2 months leukopenia (18%), anemia
(95% CI, 4.7 to 8.6 months) (14%), diarrhea (10%), and
TROPHY-U-01 1T . Sacituzumab Cohort I PFS and OS of 5.4 months febrile neutropenia (10%),
(NCT03547973) 2021 (Cohort I) no uc 22 lines Govitecan NA ORR per BICR 113 patients (95% CI, 3.5 to 7.2 months) with 6% discontinuing
and 10.9 months (95% CI, 9.0 treatment because of
to 13.8 months), respectively. treatment-related adverse
events.
NCT02122146 2018 1 no solid tumor ~ Advanced  PF-06664178 NA MTD, RP2D 31 ORR 0% Neutropenia 19.3%;
Neutropenia (83.3.%);
Sacituzumab WBC count decrease (33.3%);
SEASTAR . . Platelet count decrease
2022 Ib no solid tumor Advanced Govitecan plus NA MTD, RP2D 6 ORR 50% (PR 3/6) N
(NCT03992131) Rucaparib (16.7° éo), )
Dyspnea (16.7%); Anemia
(16.7%);

MTD: maximum tolerated dose; RP2D: recommended phase 2 dose; AE: adverse events; SAE: serious adverse events; RDE: recommended Doses for Expansion; ORR: objective response

rate; Treatment-emergent Adverse Event (TEAE); DOR: duration of response; PR: partial response; CBR: clinical benefit rate; PFS: progression-free survival;, OS: overall survival;
TNBC: triple negative breast cancer; BC: breast cancer; HR+/HER2- BC: hormone Receptor—Positive/Human Epidermal Growth Factor Receptor 2-Negative Metastatic Breast Cancer;
NSCLC: no small cell lung cancer; SCLC: small cell lung cancer; UC: urothelial cancer; HR: hazard ratio.
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Table 2. Ongoing clinical trials with Sacituzumab Govitecan.

Clinical Trial Number Phase Randomization Disease Setting Experimental Arm Control Arm Primary Objective Status
NCT03995706 0/1 No Breast Brain Metastasis and Advanced Sacituzumab Govitecan NA PK Recruiting
Glioblastoma
NCT05143229 I No Breast cancer Advanced Sacituzumab Gt':)x'/ltecan NA RP2D, DLT Not yet recruiting
plus Alpelisib
NCT04724018 1 No Urotelian Carcinoma Advanced Sacituzumab Govitecan NA MTD, DLT Recruiting
Plus Enfortumab
TEAEs, PK, % of patientents
i with Clinically Significant
NCT04617522 I No Solid tumour and Moderate Advanced Sacituzumab Govitecan NA Laboratory Abnormalities, Recruiting
Liver Impairment e . .
Positive Anti-Sacituzumab
Govitecan-hziy Antibodies
Ta/b (Cohort of a Multi Triple-negative Breast Sacituzumab Govitecan -
NCT05006794 Arm Trial) No Cancer, NSCLC Advanced plus GS-9716 NA AEs, DLT Recruiting
NCT04039230 1/11 No Triple Negative Breast Advanced Sacituzumab Govitecan NA DLT Recruiting
Cancer plus Talazoparib
Small Cell Lung Cancer and Sacitu b Govit
NCT04826341 /1 No PARP inhibitor resistant Advanced actiuzumab Lovitecan NA ORR, MTD Recruiting
Plus Berzosertib
tumors
Sacituzumab Govitecan
Triple Negative Breast plus
NCT04927884 Ib/Tl No Pence Advanced cyclophosphamide, NA MTD, safety, ORR Recruiting
ancer
N-803, and PD-L1
t-haNK
Sacituzumab Govitecan
NCT04863885 I/1 No Urothelial Carcinoma Advanced plus Ipilimumab and NA MTD, ORR Recruiting
Nivolumab
Solid Tumors or
NCT05101096 /1 No Triple-negative Breast Advanced Sacituzumab Govitecan NA TEAEs, AEs, DLTs, ORR Recruiting
Cancer (Japanese
population)
NCT03992131 Ib/II No Solid Tumor Advanced Sacituzumab Govitecan NA AEs, DLT, ORR Active, not recruiting
plus Rucaparib
NCT03869190 Ib/II (Cohort of a Mult No Urothelial Cancer Advanced Sacituzumab Govitecan NA pCR, ORR Recruiting
Arm Trial) plus Atezolizumab
NCT03424005 Ib/1I (Cohort gf a Multi Yes Triple-negative Breast Advanced Sacituzumab Govltecan NA ORR, AEs Recruiting
Arm Trial) Cancer plus Atezolizumab
NCT03337698 Ib/II (Cohort of a Multi Yes NSCLC Advanced Sacituzumab Govitecan NA ORR Recruiting
Arm Trial) plus Atezolizumab
NCT04251416 I No Endometrial cancer Advanced Sacituzumab Govitecan NA ORR Recruiting
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Table 2. Cont.

Clinical Trial Number Phase Randomization Disease Setting Experimental Arm Control Arm Primary Objective Status
Oesophageal squamous-cell
NCT05119907 I No carcinoma, gastric and Advanced Sacituzumab Govitecan NA ORR Recruiting
cervical adenocarcinoma
NCT03964727 I No Solid tumor Advanced Sacituzumab Govitecan NA ORR Recruiting
NCT04559230 I No Glioblastoma Advanced Sacituzumab Govitecan NA PFS Recruiting
NCT04647916 1 No Breast cancer with brain Advanced Sacituzumab Govitecan NA ORR Recruiting
metastases
Localized Triple-Negative Sacituzumab Govitecan
NCT04230109 11 No p & Localized with or without NA pCR Active, not recruiting
Breast Cancer ;
Pembrolizumab
Localized Triple Negative . Sacituzumab Govitecan Rate of undetectable -
NCT04434040 I No Breast Cancer Localized plus Atezolizumab NA circulating tumor cfDNA Recruiting
Hormone Receptor-positive Sacituzumab Govitecan
NCT04448886 I Yes Prorp Advanced with or without NA PFS Recruiting
(HR+)/HER2- Breast Cancer .
Pembrolizumab
. . Sacituzumab Govitecan .
NCT04468061 1l Yes PD-L1 negative, triple Advanced With or Without Sacituzumab PFS Recruiting
Negative Breast Cancer . Govitecan
Pembrolizumab
NCT05113966 it No Triple Negative Breast Advanced Sacituzumab Govitecan NA PFS Recruiting
Cancer plus trilaciclib
NCT05520723 it No Triple Negative Breast Advanced Sacituzumab Govitecan - AE Not yet recruiting
ancer plus loperamide
Triple-negative Breast
NCT04454437 1Ib No Cancer (Chinese Advanced Sacituzumab Govitecan NA ORR Active, not recruiting
population)
NCT03725761 I No Prostate cancer Advanced Sacituzumab Govitecan NA PSA response rate Recruiting
Sacituzumab Govitecan
NCT03547973 il No Urothelial Cancer Advanced with or without NA ORR Recruiting
Pembrolizumab or
Ciplatin plus Avelumab
NCT05581589 I No Bladder Cancer Localized Sacituzumab Govitecan - pCR Not yet recruiting
NCT05226117 I No Localized Bladder Cancer Localized Sacituzumab Govitecan NA pCR Recruiting
NCT05535218 I No Bladder Cancer Localized Sacituzumab Gpv1tecan - pCR Not yet recruiting
plus Pembrolizumab
Sacituzumab Govitecan
with or without
NCT05186974 it No NSCLC Without Actionable Advanced Pembrolizumab or NA ORR; DLT Recruiting

Genomic Alteration

Pembrolizumab plus
Cisplatin or
Carboplatin
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Clinical Trial Number Phase Randomization Disease Setting Experimental Arm Control Arm Primary Objective Status
Cohort of a Multi Arm Triple-negative Breast Sacituzumab Govitecan Best Overall Response Rate i
NCT03971409 Trial No Cancer Advanced plus Avelumab NA (BORR) Recruiting
NCT04958785 I (Cohort of a Multi No Triple-negative Breast Advanced Magrolimab plus - DLT. AEs. PFS, ORR Recruiting
Arm Trial) Cancer Sacituzumab govitecan
NCT05332561 Il (Cohort of a Multi No Triple-negative Breast Localized Sacituzumab Govitecan - IDFS Not yet recruiting
Arm Trial) Cancer
1I (Cohort of a Multi Locally Advanced or Sacituzumab Govitecan .
NCT05327530 Arm Trial) Yes metastatic Urothelial Cancer Advanced plus Avelumab Avelumab PES, AEs Recruiting
Platform Series Study Nab-paclitaxel
NCT05582499 (Cohort of a Multi Arm Yes Breast Cancer Localized anti-TROP2 ADC NOS 1 Cp boplati pCR Not yet recruiting
Trial) plus Carboplatin
. Paclitaxel or
NCT04527991 I Yes Unresecté:ili(lalrrothehal Advanced Sacituzumab Govitecan Docetaxel or os Recruiting
Vinflunine
NCT05089734 I Yes NSCLC Advanced Sacituzumab Govitecan Docetaxel oS Recruiting
capecitabine or
NCT04595565 11 Yes Localized Her2-negative, Localized Sacituzumab Govitecan platinum-based iDFS Recruiting
breast cancer chemotherapy or
observation
Eribuline or
NCT03901339 11 Yes HR+, HER2-, Breast Cancer Advanced Sacituzumab Govitecan gapec_ltab} ne or PFS Active, not recruiting
emcitabine or
Vinorelbine
Eribuline or
NCT04639986 m Yes HR+, HER2-, Breast Cancer Advanced Sacituzumab Govitecan ~ Capecitabine or PFS Recruiting
(Asian population) Gemcitabine or
Vinorelbine
Pembrolizumab
NCT05382286 I Yes Tr1p1e—n(e:gahve Breast Advanced Sacituzumab G_0V1tecan plus Pach"taxel or PFS Recruiting
ancer plus Pembrolizumab Nab-paclitaxel or
Gemcitabine
NCT05552001 b No Trlple—négral?;/re Breast Advanced Sacituzumab Govitecan - ORR Not yet recruiting
Triple-negative Breast Paclitaxel or
NCT05382299 I Yes P C§ncer Advanced Sacituzumab Govitecan Nab-paclitaxel or PFS Recruiting

Gemcitabine

MTD: maximum tolerated dose; RP2D: recommended phase 2 dose; DLT: dose limiting toxicity; AEs: adverse events; SAE: serious adverse events; RDE: recommended Doses for
Expansion; ORR: objective response rate; TEAE: Treatment-emergent Adverse Event; iDFS: invasive disease free survival; NSCLC: no small cell lung cancer.
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3.1. Sacituzumab Govitecan

Sacituzumab govitecan is an ADC composed of an anti-Trop-2 humanized monoclonal
antibody hRS7 IgGlk coupled with SN-38, an active metabolite of irinotecan (IRI), a
topoisomerase I inhibitor.

This ADC is characterized by a high drug-to-antibody ratio (DAR) (7.5-8 molecules
of SN-38 conjugated to each antibody via the unique hydrolysable and proprietary linker,
CL2A), permitted by the significantly better toxicity profile of SN-38 compared with the
parent drug irinotecan. Furthermore, this ADC also provides an extracellular release of the
drug (payload) that kills surrounding or bystander cells, which do not necessarily express
Trop-2 (i.e., bystander killing effect) [53].

In cell models, sacituzumab govitecan has demonstrated promising results against
human epithelial cancer xenograft models of several cancers including gastrointestinal
cancers (i.e., gastric and pancreatic cancers), NSCLC, breast cancer (BC), prostate, and cer-
vical cancers [54]. Compared with either SN-38, IRI, or a non-targeting ADC, sacituzumab
govitecan provided outstanding results in nearly every model studied [55-57].

Exceptions are represented by the SK-MES-1 cell line (derived from squamous cell
carcinoma) and MDA-MB-231 [derived from triple negative breast cancer (TNBC)] cell
line. In these models, the anti-proliferative effect of sacituzumab govitecan was low and
not significantly different from IRI. These cell lines both have low expression of Trop-2 on
their cell membranes. Indeed, in order to verify this evidence, MDA-MB-231 cell lines were
engineered to express high levels of Trop-2.

Interestingly, the transfection of the MDA-MB-231 cells with human Trop-2 cDNA
did not appreciably modify their sensitivity to IRI, but increased Trop-2 expression ~4 fold
(from ~30,000 to 120,000), enhancing sacituzumab govitecan’s therapeutic activity [58]. The
high specificity against Trop-2 of this ADC drove this enhancement since responses to a non-
targeting ADC were not significantly different between the engineered and non-engineered
cells. Another study highlighted an increased delivery of SN-38 via the anti-Trop-2 antibody,
compared to IRI. Sharkey et al. showed that the levels of SN-38 in tumour tissues were
between 20- and 136-fold higher for the sacituzumab govitecan compared to IRI. These
data show a substantial advantage in using an ADC strategy to release the topoisomerase-
1-inhibiting drug [59].

Animportant advantage of the ADC therapeutic strategy is to reduce collateral damage
to normal tissues due to the high DAR. Adverse events represent an essential topic due
to Trop-2's expression in normal tissues. The safety studies were efficiently performed in
Cynomolgus monkeys thanks to a similar Trop-2 expression level as humans. At the highest
dosage of sacituzumab govitecan tested, the primates experienced severe but reversible
neutropenia and diarrhoea, symptoms compatible with SN-38/IRI toxicity. Moreover, a
study conducted by Sharkey et al. demonstrated that the levels of glucuronidated SN-38
(SN-38G), a detoxified derivative of SN-38, in the animals’ serum was much lower with the
ADC. The lower levels of SN-38G found in serum suggested severe adverse events could
have been reduced with sacituzumab govitecan with respect to IRI [60].

3.2. Datopotamab Deruxtecan (DS-1062a)

Datopotamab is a human IgG1l mAb Trop-2-directed ADC with a potent Topo I in-
hibitor, deruxtecan (DXd), conjugated through a tetrapeptide-based linker. This ADC has a
DAR of 4 that is expected to maximize the therapeutic window. The tetrapeptide-based
linker is enzymatically cleavable and designed to release DXd after proteolytic processing
by lysosomal enzymes such as cathepsins [61].

In vitro, Dato-DXd inhibited cell growth in several cancer cell lines from multiple
tumour types (pharynx, pancreas, ovary, stomach, breast, and lung). Dato-DXd markedly
inhibited the cell proliferation of Trop-2-high cell lines but was ineffective against Trop-2-
low cell lines. These results were confirmed in a Trop-2-positive xenograft mouse model
with a single dose of Dato-DXd at 10 mg/kg that significantly inhibited tumour growth
inhibition by 96%. On the contrary, neither datopotamab nor control ADC inhibited tumour
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growth at the same dose. In fact, in tumour cell models treated with Dato-DXd, an increased
level of H2AX and KAP1 phosphorylation, which are DNA damage markers, were observed
in a time-dependent manner until day 7. This phenomenon was not observed in tumours
treated with control ADC or datopotamab.

The safety profile of Dato-DXd was evaluated in murine and primate models. Pul-
monary toxicity was observed at >30 mg/kg in monkey models and was characterized by
cell infiltration, oedema, and fibrosis. Furthermore, Dato-DXd induced only slight intestinal
or hematopoietic toxicity in rats and monkeys and without severe changes even at the maxi-
mum feasible doses, likely due to reduced off-target toxicity by the stable linker adopted for
Dato-DXd. Nevertheless, hyperpigmentation in the epidermis (not reversible) and corneal
lesions including single-cell necrosis and pigmentation in the epithelium (reversible) were
observed in the skin and cornea at >30 mg/kg in monkeys [61].

3.3. PF-06664178

PF-06664178 is composed of a humanized IgG1 antibody conjugated to microtubule
inhibitor AcLys-VCAur0101 linker-payload at the C-terminus of the antibody heavy chain.
Upon binding to Trop-2 in the extracellular portion on the cell surface, PF-06664178 is
internalized to the lysosomes and processed by proteases to release its auristatin-based
Aur0101 payload [62,63].

In vivo studies showed significant antitumor drug activity and an IC50 below 1 nmol/L
for most cell lines. Like other ADCs, even PF-06664178 demonstrated a low activity against
Trop-2-negative cell lines, suggesting that Trop-2 expression is required for the ADC’s
antitumor activity.

In vivo studies on patient-derived tumour xenograft models of pancreatic, lung, ovar-
ian, and triple-negative breast cancers demonstrate that doses showed a sustained regres-
sion ranging from 0.75 to 3 mg/kg with a single 1.5 mg/kg dose of PF-06664178 resulting
in an area under the curve (AUC) of 0-336 percentage of ADC from the total antibody
population in serum of 87%. This displays good payload stability in vivo, minimizing the
side effects and avoiding the release of the payload in a non-target tissue. Consistent with
in vitro studies, PF-06664178 was not effective against Trop-2-negative tumours.

Preliminary toxicology reports in monkeys (up to 6 mg/kg doses), demonstrated
toxicity signals in non-tumoral tissues that express Trop-2 antigens. Reversible toxicities
included necrosis in skin, upper gastrointestinal mucosa, and vagina epithelium [64].

3.4. SKB264

SKB264 has a humanized IgG1 mAb hRS7 conjugated with a proprietary cytotoxic,
belotecan-derived payload and novel stable conjugation chemistry to achieve an average
DAR of 7.4. The release of payload upon SKB264 internalization is proportional to the
Trop-2 expression. The payload-linker is conjugated to cysteine residues, and the release of
the payload relies on hydrolysis, which would happen in the tumour microenvironment,
lysosome, and plasma [65].

In in vitro models, SKB264 showed significant anti-tumour activity in a dose-dependent
manner with a significant tumour inhibitory activity at 1, 3, and 10 mg/kg. The efficacy of
SKB264 seems to be higher than that of sacituzumab govitecan at doses of 1 and 3 mg/kg.

4. Clinical Experience

We searched The PubMed, Cochrane Library, and Embase databases to identify reports
of trials with anti-TROP-2 drugs published up until October 2022.

We identified twelve papers reporting results from six trials (Table 1). All selected
trials were prospective; most were non-randomized early phase studies (I-II) (4/6, 67%),
while only two were randomized phase III trials. Ten of the papers reported data on
sacituzumab govitecan.

Most publications concern a single phase I/1I basket trial, the IMMU-132-01 trial [66],
a single-arm, open-label, multi-centre phase I/II trial that involved dose-escalation, and a
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cohort expansion phase that enrolled patients with advanced disease. The primary endpoint
was safety and pharmacokinetics, with an investigator-evaluated objective response rate
(ORR) as a secondary endpoint.

A total of 495 patients were treated. The most represented histologies were TNBC
(n =144), HR+ BC (n = 68), small cell lung cancer (SCLC) (n = 62), NSCLC (n = 54), urothelial
cancer (UC) (n =49), and colorectal cancer (CRC) (n = 31). Overall, the treatment was fairly
well-tolerated; 192 (38.8%) patients had serious AEs (SAEs) and in 75 patients (15.2%) SAEs
were related to treatment. Most common treatment-related SAEs were febrile neutropenia
(4.0%), diarrhoea (2.8%), and vomiting (1.4%).

The results of the metastatic BC [67,68], NSCLC [69], and SCLC [70] cohorts were
published individually in separate publications. The NSCLC cohort showed an ORR of
19% and a clinical benefit rate of 43%, with more than half of the patients having been
heavily pre-treated (at least three lines of treatment). The SCLC cohort demonstrated
equally interesting activity signals, with an ORR of 14% and a clinical benefit rate (i.e., the
percentage of patients with an objective response or stable disease >4 months) of 34% in
the population of pre-treated patients. As compared with the standard topotecan yielding
a modest 5% in patients progressing/relapsing <90 days from the previous treatment and
17% in those progressing after 90 days, sacituzumab demonstrated an improved ORR of
11% and 20%, respectively [71].

The TNBC cohort showed the most compelling results, with an objective response
rate (ORR) of 33.3% and a durable duration of response (DOR) (median 7.7 months). The
subsequent randomized phase III study ASCENT [72] confirmed the outstanding results
of the expansion cohort, recording an ORR of 35% and a progression-free survival (PFS)
and overall survival (OS) statistically higher than the control arm (5.6 vs. 1.7 months
and 12.1 vs. 6.7, respectively). Based on the results of this study, sacituzumab govitecan
was approved by the Food and Drug Administration (FDA) and European Medicines
Agency (EMA) for the treatment of metastatic TNBC who have only received at least two
prior therapies for metastatic diseases. In addition, two first line studies (ASCENT-03 and
ASCENT-04) investigating sacituzumab govitecan either in monotherapy or in combination
with pembrolizumab, are ongoing.

Furthermore, the results of the phase III TROPiCS-02 study, evaluating sacituzumab
govitecan in patients with HR+/HER2- metastatic BC pre-treated with endocrine therapy,
CDK4/6 inhibitors, and at least two but not more than four lines of chemotherapy, was
recently published. The study met its primary endpoint with a 34% reduction in risk of
progression or death (hazard ratio, 0.66 [95% CI, 0.53 to 0.83; p = 0.0003]). The median PFS
was 5.5 months (95% CI, 4.2 to 7.0) with sacituzumab govitecan and 4.0 months (95% CI,
3.1 to 4.4) with chemotherapy [73]. Recently, OS data were updated to the ESMO congress
in which sacituzumab govitecan demonstrated a statistically significant and clinically
meaningful improvement in survival [median 14.4 vs. 11.2 months; HR, 0.79 (0.65-0.96);
p = 0.020] [74]. Interestingly, TROPiCS-02 showed that sacituzumab govitecan is effec-
tive in patients with a wide range of Trop-2 expression levels. PFS and OS benefit seems
to be maintained in both high and low Trop-2expression subgroups. In detail, when
the histochemical score (H-score, range = 0-300) was set to 100, the median PFS was
5.3 months with sacituzumab govitecan and 4.0 months with the treatment of the physi-
cian’s choice (HR = 0.77, 95% confidence interval [CI] = 0.54-1.09) for <100 subgroup and, for
the > 100 subgroup, these rates were 6.4 months and 4.1 months, respectively (HR = 0.60,
95% CI = 0.44-0.81) [75].

The data from the phase II TROPHY-U-01 trial [76] were recently published. In the
published cohort, patients with metastatic UC, who progressed after prior platinum-based
chemotherapy and checkpoint inhibitors, were treated with sacituzumab govitecan. A
total of 113 patients were enrolled, of which about 80% were pre-treated with at least two
lines of treatment. The ORR, the primary endpoint of the study, was 27% (95% CI, 19.5
to 36.6), which included a 5.4% complete response rate. Based on these results, the FDA
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granted accelerated approval to sacituzumab govitecan for metastatic UC patients after
platinum-based chemotherapy and checkpoint inhibitors.

5. Future Directions

We searched ongoing clinical trials with anti-TROP-2 drugs on clinicaltrials.gov. Up
to October 2022, we identified 48 studies (Tables 2 and 3). Almost the totality of the studies
(44/48, 91.7%) concerned the advanced/metastatic setting, with only four in neoadju-
vant/adjuvant breast cancer.

The majority (52/66, 78.8%) of trials were early phase (I, I/1I or II) studies. BC was the
disease with the highest number of phase IlI trials. Randomization was present in 30.3%
of trials. Anti-TROP-2 therapy was administered as monotherapy in one third of studies
(36.4%). In the majority of the combination studies, immunotherapy represent the most
common category.

Five anti-Trop-2ADCs are being investigated in clinical trials: sacituzumab govitecan,
datopotamab deruxtecan (Dato-DXd, DS-1062a), JS108, SKB264, and STI-3258. All of them
are administered intravenously. The first two ADCs are more widely used in the more
advanced phases of development. In particular, the majority of the ongoing studies are
investigating sacituzumab govitecan in different settings and/or diseases [77]. We could
observe a substantial growth in the studies investigating this particular drug, increasing
from 19 ongoing trials in October 2020 to 45 current studies [78].

The preliminary data of the two cohorts of the TROPION-Pan-Tumor01 study, a
single-arm, multi-centre, phase I trial evaluating the safety and tolerability of datopotamab
deruxtecan in pre-treated patients with epithelial tumours, were recently presented. The
twenty-four patients affected by metastatic TNBC enrolled in the first cohort showed an
ORR by BICR of 43% [79]. The disease control rate was 95%, with a manageable safety
profile. In the second cohort, 133 patients affected by metastatic NSCLC were considered,
of which 125 were evaluable. In total, an ORR of 36% was recorded with a DCR of 77%.
Regarding the safety profile, 64 patients (48%) experienced grade 3 or higher TEAEs, and
12 patients (9%) had an interstitial lung disease judged to be treatment-related [80].

Encouraging results could be observed even in the metastatic NSCLC cohort of patients
with actionable genomic alterations (i.e., EGFR, ALK, ROS1 and RET). Across the 34 heavily
pre-treated patients, an ORR of 35% (95% CI, 19.7-53.5) was observed with a median
DOR of 9.5 months (95% CI, 3.3-NE). Additionally, in this cohort the safety profile was
manageable with nausea (62%) and stomatitis (56%) as common any-grade AEs [81].
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Table 3. Ongoing clinical trials with anti-TROP2 drugs other than Sacituzumab Govitecan.

Clinical Trial Number Phase Randomization Disease Setting Experimental Arm Control Arm Primary Objective Status
NCT05060276 1 No Solid tumor Advanced STI-3258 NA MTD, RP2D, DLT, AE/SAE Not yet recruiting
NCT04152499 111 No Solid tumor Advanced SKB264 NA MTD, ORR Recruiting
NCT05351788 I No NSCLC Advanced SKB264 - AE, ORR Not yet recruiting
NCT05445908 s No Triple-Negative Breast Cancer Advanced SKB264 - ORR, AE Not yet recruiting
NCT05347134 m Yes Triple-Negative Breast Cancer Advanced SKB264 Ef lbu].me,.m Cape.cllablng o PES Not yet recruiting

Gemcitabine or Vinorelbine)
NCT04601285 1 No Solid tumor Advanced JS108 NA DLT, MTD, AE Recruiting
NCT03401385 1 Yes Solid tumor Advanced Datopotamab Deruxtecan NA DLT, AE Recruiting
NCT04612751 b No NSCLC Advanced Datopotamab Deruxtecan NA DLT, TEAE Recruiting
Datopotamab Deruxtecan with
NCT04526691 Ib No NSCLC Advanced Pembrolizumab With or Without NA DLT, TEAE Recruiting
Platinum Chemotherapy
NSCLC, TNBC, Gastric cancer, | ) _ U
NCT05460273 /1 No Urothelial cancer and Other hystologies Advanced Datopotamab Deruxtecan ORR Recruiting
. Datopotamab Deruxtecan plus .
NCT04644068 I/1la No Ovarian cancer Advanced - AE, DLT Recruiting
AZD5305
NCT03742102 Tb/11 (Cohort 9f a Multi Arm No Triple-Negative Breast Cancer Advanced Datopotamab Deruxtecan with NS AEs, ORR Recruiting
Trial) Durvalumab
NCT05489211 1 No Endometrial Cancer, CRC, mCRPC, Advanced Datopotamab Deruxtecan - ORR, AE Recruiting
Ovarian Cancer, Gastric Cancer
NCT04484142 1 No NSCLC With Actionable Genomic Advanced Datopotamab Deruxtecan NA ORR Recruiting
Alterations
NCT03944772 it No NSCLC Advanced Datopotamab Deruxtecan with - ORR Recruiting
osimertinib
NCT04940325 I No NSCLC Advanced Datopotamab Deruxtecan NA ORR Recruiting
NCT05104866 I Yes HR+, HER2-, Breast cancer Advanced Datopotamab Deruxtecan Erlbul}ne or Cape.cltabme. or PFS, OS Recruiting
Gemcitabine or Vinorelbine
NCT05374512 T Yes Triple-Negative Breast Cancer Advanced Datopotamab Deruxtecan Pachl.axel or Nab.-pa.chlaxe] o PFS, OS Recruiting
Carboplatin or Capecitabine or Eribulin
NCT05215340 m Yes NSCLC Without Actionable Genomic Advanced Datopotamab Deruxtecan with Pembrolizumab PFS, 05 Recruiting
Alterations Pembrolizumab
NCT04656652 1 Yes NSCLC Advanced Datopotamab Deruxtecan Docetaxel PFS, OS Recruiting
Datopotamab Deruxtecan with Datopotamab Deruxtecan with
NCT05555732 i Yes NSCLC Advanced Pembrolizumab With or Without Pembrolizumab, Platinum and PFS, OS Not yet recruiting

Platinum

Pemetrexed

MTD: maximum tolerated dose; RP2D: recommended phase 2 dose; DLT: dose limiting toxicity; AEs: adverse events; SAE: serious adverse events; RDE: recommended Doses for
Expansion; ORR: objective response rate; Treatment-emergent Adverse Event (TEAE); iDFS: invasive disease free survival; NSCLC: no small cell lung cancer.
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6. Conclusions

In the past decade, Trop-2 was identified as a major regulator of multiple processes
involved in carcinogenesis and tumour progression. Even though its role as an oncogene
is currently debated, recent data suggest that Trop-2 acts both as a tumour promoter
and tumour suppressor. The exact reason for these opposite observations remains to
be determined.

Clinically, the therapeutic potential of Trop-2 is demonstrated by the fact that Trop-2 is
overexpressed in most cancers, while healthy tissues express it only sporadically, making
it an incredibly promising target for cancer-specific delivery of cytotoxic agents. Such a
strategy is already utilized in several tumours, especially for those diseases where standard
therapeutic options are limited (TNBC, UC) or ineffective (SCLC).

However, it should be noted that tumour heterogeneity could be a major limitation
of the Trop-2-targeting therapeutic strategy. Further pre-clinical and clinical studies are
necessary to clarify the fate and properties of this cell population in the response and
resistance to Trop-2-targeting therapies. A valuable way to overcome these limitations
is to administer anti-Trop-2 ADCs in combination with other drugs, with this optimal
combination currently under investigation.

Author Contributions: PL., M.F. and R.F. conducted the literature research and wrote the paper. V.A.
and EPS. conducted the literature research and contributed to the writing of the paper. M.F. made the
figure. A.F, EB., D.G., G.S. and G.D. provided expert opinions and reviewed the paper. All authors
have read and agreed to the published version of the manuscript.

Funding: The project was partially funded by a Medical Grant from Gilead Sciences.

Acknowledgments: E.B. is supported by Institutional funds of the Universita Cattolica del Sacro
Cuore (UCSC-project D1-2020) and by the Fondazione Associazione Italiana per la Ricerca sul Cancro
(AIRC) under Investigator Grant (IG) No. 1G20583.

Conflicts of Interest: E.B. received speakers’ and travel fees from MSD, Astra-Zeneca, Celgene, Pfizer,
Helsinn, Eli-Lilly, BMS, Novartis, and Roche. E.B. received institutional research grants from Astra-
Zeneca and Roche. A.F. received honoraria or speakers’ fee from Roche, Pfizer, Eli-Lilly, Novartis,
Eisai, AstraZeneca, Exact Science, Epihonpharma, Daiichi-Sanlyo, Gilead, and Seagen. G.S. has
served on advisory boards for TESARO Bio Italy S.r.I, Johnson & Johnson, and Clovis Oncology Italy
S.rl. He received support for travel or accommodations from MSD Italy S.r.l and Clovis Oncology
Italy S.rl, and institutional research funding from MSD Italy S.r.l. G.D. has served on the advisory
board of Beigene and received support for travel and accommodations from Roche. The other authors
declare that they have no conflict of interest.

References

1.  Shvartsur, A.; Bonavida, B. Trop2 and its overexpression in cancers: Regulation and clinical/therapeutic implications.
Genes Cancer 2015, 6, 84-105. [CrossRef]

2. Lipinski, M.; Parks, D.R.; Rouse, R.V.; Herzenberg, L.A. Human trophoblast cell-surface antigens defined by monoclonal
antibodies. Proc. Natl. Acad. Sci. USA 1981, 78, 5147-5150. [CrossRef] [PubMed]

3. Trerotola, M.; Jernigan, D.L.; Liu, Q.; Siddiqui, J.; Fatatis, A.; Languino, L.R. Trop-2 promotes prostate cancer metastasis by
modulating Bintegrin functions. Cancer Res. 2013, 73, 3155-3167. [CrossRef] [PubMed]

4. Bignotti, E.; Zanotti, L.; Calza, S.; Falchetti, M.; Lonardji, S.; Ravaggi, A.; Romani, C.; Todeschini, P.; Bandiera, E.; Tassi, R.A;
et al. Trop-2 protein overexpression is an independent marker for predicting disease recurrence in endometrioid endometrial
carcinoma. BMC Clin. Pathol. 2012, 12, 22. [CrossRef] [PubMed]

5. Cubas, R.; Zhang, S.; Li, M.; Chen, C.; Yao, Q. Trop2 expression contributes to tumor pathogenesis by activating the ERK MAPK
pathway. Mol. Cancer 2010, 9, 253. [CrossRef]

6. Guan, H,; Guo, Z; Liang, W.; Li, H.; Wei, G.; Xu, L.; Xiao, H.; Li, Y. Trop2 enhances invasion of thyroid cancer by inducing MMP2
through ERK and JNK pathways. BMC Cancer 2017, 17, 486. [CrossRef]

7. Guerra, E.; Trerotola, M.; Tripaldi, R.; Aloisi, A.L.; Simeone, P.; Sacchetti, A.; Relli, V.; D’Amore, A.; La Sorda, R.; Lattanzio,
R.; et al. Trop-2 Induces Tumor Growth Through AKT and Determines Sensitivity to AKT Inhibitors. Clin. Cancer Res.
2016, 22, 4197-4205. [CrossRef]

8.  El Sewedy, T.; Fornaro, M.; Alberti, S. Cloning of the murine TROP2 gene: Conservation of a PIP2-binding sequence in the

cytoplasmic domain of TROP-2. Int. J. Cancer 1998, 75, 324-330. [CrossRef]


http://doi.org/10.18632/genesandcancer.40
http://doi.org/10.1073/pnas.78.8.5147
http://www.ncbi.nlm.nih.gov/pubmed/7029529
http://doi.org/10.1158/0008-5472.CAN-12-3266
http://www.ncbi.nlm.nih.gov/pubmed/23536555
http://doi.org/10.1186/1472-6890-12-22
http://www.ncbi.nlm.nih.gov/pubmed/23151048
http://doi.org/10.1186/1476-4598-9-253
http://doi.org/10.1186/s12885-017-3475-2
http://doi.org/10.1158/1078-0432.CCR-15-1701
http://doi.org/10.1002/(SICI)1097-0215(19980119)75:2&lt;324::AID-IJC24&gt;3.0.CO;2-B

Cancers 2023, 15, 1744 15 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Miotti, S.; Canevari, S.; Ménard, S.; Mezzanzanica, D.; Porro, G.; Pupa, S.M.; Regazzoni, M.; Tagliabue, E.; Colnaghi, M.L
Characterization of human ovarian carcinoma-associated antigens defined by novel monoclonal antibodies with tumor-restricted
specificity. Int. ]. Cancer 1987, 39, 297-303. [CrossRef]

Miihlmann, G.; Spizzo, G.; Gostner, ].; Zitt, M.; Maier, H.; Moser, P; Gastl, G.; Miiller, H.M.; Margreiter, R.; Ofner, D.; et al. TROP2
expression as prognostic marker for gastric carcinoma. . Clin. Pathol. 2009, 62, 152-158. [CrossRef]

Lin, J.C; Wu, Y.Y,; Wu, J.Y,; Lin, T.C.; Wu, C.T.; Chang, Y.L.; Jou, Y.S.; Hong, TM.; Yang, P.C. TROP2 is epigenetically inactivated
and modulates IGF-1R signalling in lung adenocarcinoma. EMBO Mol. Med. 2012, 4, 472-485. [CrossRef]

Govindan, S.V.; Goldenberg, D.M. New antibody conjugates in cancer therapy. Sci. World J. 2010, 10, 2070-2089. [CrossRef]
Bobos, M.; Kotoula, V.; Kaloutsi, V.; Karayannopoulou, G.; Papadimitriou, C.S.; Kostopoulos, I. Aberrant CCND1 copies and
cyclin D1 mRNA expression do not result in the production of functional cyclin D1 protein in anaplastic large cell lymphoma.
Histol. Histopathol. 2009, 24, 1035-1048. [CrossRef]

Vidmar, T.; Pavsi¢, M.; Lenar¢i¢, B. Biochemical and preliminary X-ray characterization of the tumor-associated calcium signal
transducer 2 (Trop2) ectodomain. Protein. Expr. Purif. 2013, 91, 69-76. [CrossRef]

Alberti, S. HIKE, a candidate protein binding site for PH domains, is a major regulatory region of Gbeta proteins. Proteins
1999, 35, 360-363. [CrossRef]

Ciccarelli, F.D.; Acciarito, A.; Alberti, S. Large and diverse numbers of human diseases with HIKE mutations. Hum. Mol. Genet.
2000, 9, 1001-1007. [CrossRef]

Basu, A.; Goldenberg, D.M.; Stein, R. The epithelial /carcinoma antigen EGP-1, recognized by monoclonal antibody RS7-3G11, is
phosphorylated on serine 303. Int. ]. Cancer 1995, 62, 472-479. [CrossRef]

Szala, S.; Kasai, Y.; Steplewski, Z.; Rodeck, U.; Koprowski, H.; Linnenbach, A.]. Molecular cloning of cDNA for the hu-
man tumor-associated antigen CO-029 and identification of related transmembrane antigens. Proc. Natl. Acad. Sci. USA
1990, 87, 6833-6837. [CrossRef]

Villablanca, E.J.; Renucci, A.; Sapede, D.; Lec, V.; Soubiran, F.; Sandoval, P.C.; Dambly-Chaudiére, C.; Ghysen, A.; Allende, M.L.
Control of cell migration in the zebrafish lateral line: Implication of the gene “tumour-associated calcium signal transducer,”
tacstd. Dev. Dyn. 2006, 235, 1578-1588. [CrossRef]

Linnenbach, A.J.; Seng, B.A.; Wu, S.; Robbins, S.; Scollon, M.; Pyrc, J.].; Druck, T.; Huebner, K. Retroposition in a family of
carcinoma-associated antigen genes. Mol. Cell Biol. 1993, 13, 1507-1515. [CrossRef]

McDougall, A.R.; Tolcos, M.; Hooper, S.B.; Cole, T.].; Wallace, M.J. Trop2: From development to disease. Dev. Dyn. 2015, 244, 99-109.
[CrossRef] [PubMed]

Zhang, K; Jones, L.; Lim, S.; Maher, C.A.; Adkins, D.; Lewis, J.; Kimple, R].; Fertig, E.J.; Chung, C.H.; Van Tine, B.A.; et al. Loss of
Trop2 causes ErbB3 activation through a neuregulin-1-dependent mechanism in the mesenchymal subtype of HNSCC. Oncotarget
2014, 5, 9281-9294. [CrossRef] [PubMed]

Huang, H.; Groth, J.; Sossey-Alaoui, K.; Hawthorn, L.; Beall, S.; Geradlts, J. Aberrant expression of novel and previously described
cell membrane markers in human breast cancer cell lines and tumors. Clin. Cancer Res. 2005, 11, 4357-4364. [CrossRef] [PubMed]
Cubas, R;; Li, M.; Chen, C.; Yao, Q. Trop2: A possible therapeutic target for late stage epithelial carcinomas. Biochim. Biophys. Acta
2009, 1796, 309-314. [CrossRef] [PubMed]

Goldstein, A.S.; Lawson, D.A.; Cheng, D.; Sun, W.; Garraway, I.P.; Witte, O.N. Trop2 identifies a subpopulation of murine and
human prostate basal cells with stem cell characteristics. Proc. Natl. Acad. Sci. USA 2008, 105, 20882-20887. [CrossRef]
Goldstein, A.S.; Huang, J.; Guo, C.; Garraway, I.P.; Witte, O.N. Identification of a cell of origin for human prostate cancer. Science
2010, 329, 568-571. [CrossRef]

Okabe, M.; Tsukahara, Y.; Tanaka, M.; Suzuki, K.; Saito, S.; Kamiya, Y.; Tsujimura, T.; Nakamura, K.; Miyajima, A. Potential
hepatic stem cells reside in EpCAM+ cells of normal and injured mouse liver. Development 2009, 136, 1951-1960. [CrossRef]
Memarzadeh, S.; Zong, Y.; Janzen, D.M.; Goldstein, A.S.; Cheng, D.; Kurita, T.; Schafenacker, A.M.; Huang, ]J.; Witte, O.N.
Cell-autonomous activation of the PI3-kinase pathway initiates endometrial cancer from adult uterine epithelium. Proc. Natl.
Acad. Sci. USA 2010, 107, 17298-17303. [CrossRef]

Zeng, P.; Chen, M.B.; Zhou, L.N.; Tang, M.; Liu, C.Y,; Lu, P.H. Impact of TROP2 expression on prognosis in solid tumors: A
Systematic Review and Meta-analysis. Sci. Rep. 2016, 6, 33658. [CrossRef]

Wang, J.; Day, R.; Dong, Y.; Weintraub, S.J.; Michel, L. Identification of Trop-2 as an oncogene and an attractive therapeutic target
in colon cancers. Mol. Cancer Ther. 2008, 7, 280-285. [CrossRef]

Wang, J.; Zhang, K.; Grabowska, D.; Li, A.; Dong, Y.; Day, R.; Humphrey, P.; Lewis, J.; Kladney, R.D.; Arbeit, ].M.; et al. Loss of
Trop2 promotes carcinogenesis and features of epithelial to mesenchymal transition in squamous cell carcinoma. Mol. Cancer Res
2011, 9, 1686-1695. [CrossRef]

Liu, T; Liu, Y.; Bao, X; Tian, J.; Yang, X. Overexpression of TROP2 predicts poor prognosis of patients with cervical cancer and
promotes the proliferation and invasion of cervical cancer cells by regulating ERK signaling pathway. PLoS ONE 2013, 8, €75864.
[CrossRef]

Trerotola, M.; Cantanelli, P; Guerra, E.; Tripaldi, R.; Aloisi, A.L.; Bonasera, V.; Lattanzio, R.; de Lange, R.; Weidle, U.H.; Piantelli,
M.; et al. Upregulation of Trop-2 quantitatively stimulates human cancer growth. Oncogene 2013, 32, 222-233. [CrossRef]

Gao, X.Y,; Zhu, YH.; Zhang, L.X.; Lu, H.Y,; Jiang, A.G. siRNA targeting of Trop2 suppresses the proliferation and invasion of lung
adenocarcinoma H460 cells. Exp. Ther. Med. 2015, 10, 429—-434. [CrossRef]


http://doi.org/10.1002/ijc.2910390306
http://doi.org/10.1136/jcp.2008.060590
http://doi.org/10.1002/emmm.201200222
http://doi.org/10.1100/tsw.2010.191
http://doi.org/10.14670/HH-24.1035
http://doi.org/10.1016/j.pep.2013.07.006
http://doi.org/10.1002/(SICI)1097-0134(19990515)35:3&lt;360::AID-PROT10&gt;3.0.CO;2-J
http://doi.org/10.1093/hmg/9.6.1001
http://doi.org/10.1002/ijc.2910620419
http://doi.org/10.1073/pnas.87.17.6833
http://doi.org/10.1002/dvdy.20743
http://doi.org/10.1128/mcb.13.3.1507-1515.1993
http://doi.org/10.1002/dvdy.24242
http://www.ncbi.nlm.nih.gov/pubmed/25523132
http://doi.org/10.18632/oncotarget.2423
http://www.ncbi.nlm.nih.gov/pubmed/25238142
http://doi.org/10.1158/1078-0432.CCR-04-2107
http://www.ncbi.nlm.nih.gov/pubmed/15958618
http://doi.org/10.1016/j.bbcan.2009.08.001
http://www.ncbi.nlm.nih.gov/pubmed/19683559
http://doi.org/10.1073/pnas.0811411106
http://doi.org/10.1126/science.1189992
http://doi.org/10.1242/dev.031369
http://doi.org/10.1073/pnas.1012548107
http://doi.org/10.1038/srep33658
http://doi.org/10.1158/1535-7163.MCT-07-2003
http://doi.org/10.1158/1541-7786.MCR-11-0241
http://doi.org/10.1371/journal.pone.0075864
http://doi.org/10.1038/onc.2012.36
http://doi.org/10.3892/etm.2015.2530

Cancers 2023, 15, 1744 16 of 18

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Wu, B,; Yu, C,; Zhou, B.; Huang, T.; Gao, L,; Liu, T.; Yang, X. Overexpression of TROP2 promotes proliferation and invasion of
ovarian cancer cells. Exp. Ther. Med. 2017, 14, 1947-1952. [CrossRef]

Li, X.; Teng, S.; Zhang, Y.; Zhang, W.; Zhang, X.; Xu, K.; Yao, H.; Yao, J.; Wang, H.; Liang, X.; et al. TROP2 promotes
proliferation, migration and metastasis of gallbladder cancer cells by regulating PI3K/AKT pathway and inducing EMT. Oncotarget
2017, 8, 47052-47063. [CrossRef]

Stepan, L.P.,; Trueblood, E.S.; Hale, K.; Babcook, J.; Borges, L.; Sutherland, C.L. Expression of Trop2 cell surface glycoprotein
in normal and tumor tissues: Potential implications as a cancer therapeutic target. J. Histochem. Cytochem. 2011, 59, 701-710.
[CrossRef]

Xu, P; Zhao, Y; Liu, K;; Lin, S.; Liu, X.; Wang, M.; Yang, P,; Tian, T.; Zhu, Y.Y.; Dai, Z. Prognostic role and clinical significance of
trophoblast cell surface antigen 2 in various carcinomas. Cancer Manag. Res. 2017, 9, 821-837. [CrossRef]

Chou, J.; Trepka, K,; Sjostrom, M.; Egusa, E.A.; Chu, C.E.; Zhu, J.; Chan, E.; Gibb, E.A.; Badura, M.L.; Contreras-Sanz, A.; et al.
TROP2 Expression Across Molecular Subtypes of Urothelial Carcinoma and Enfortumab Vedotin-resistant Cells. Eur. Urol. Oncol.
2022, 5, 714-718. [CrossRef]

Zhao, W.; Ding, G.; Wen, J.; Tang, Q.; Yong, H.; Zhu, H.; Zhang, S.; Qiu, Z.; Feng, Z.; Zhu, J. Correlation between Trop2 and
amphiregulin coexpression and overall survival in gastric cancer. Cancer Med. 2017, 6, 994-1001. [CrossRef]

Zhao, P; Zhang, Z. TNF-« promotes colon cancer cell migration and invasion by upregulating TROP-2. Oncol. Lett.
2018, 15, 3820-3827. [CrossRef] [PubMed]

Nakanishi, H.; Taccioli, C.; Palatini, J.; Fernandez-Cymering, C.; Cui, R.; Kim, T.; Volinia, S.; Croce, C.M. Loss of miR-125b-1
contributes to head and neck cancer development by dysregulating TACSTD2 and MAPK pathway. Oncogene 2014, 33, 702-712.
[CrossRef] [PubMed]

Lin, H.; Huang, ].F; Qiu, J.R.; Zhang, H.L.; Tang, X.J.; Li, H.; Wang, C.J.; Wang, Z.C.; Feng, Z.Q.; Zhu, J. Significantly upregulated
TACSTD2 and Cyclin D1 correlate with poor prognosis of invasive ductal breast cancer. Exp. Mol. Pathol. 2013, 94, 73-78.
[CrossRef] [PubMed]

Park, ] W,; Lee, ] K,; Phillips, ].W.; Huang, P.; Cheng, D.; Huang, J.; Witte, O.N. Prostate epithelial cell of origin determines cancer
differentiation state in an organoid transformation assay. Proc. Natl. Acad. Sci. USA 2016, 113, 4482-4487. [CrossRef]

Stoyanova, T.; Cooper, A.R.; Drake, ] M,; Liu, X.; Armstrong, A.J.; Pienta, KJ.; Zhang, H.; Kohn, D.B.; Huang, J.; Witte, O.N.; et al.
Prostate cancer originating in basal cells progresses to adenocarcinoma propagated by luminal-like cells. Proc. Natl. Acad. Sci. USA
2013, 110, 20111-20116. [CrossRef]

Trerotola, M.; Li, J.; Alberti, S.; Languino, L.R. Trop-2 inhibits prostate cancer cell adhesion to fibronectin through the 1
integrin-RACKT1 axis. J. Cell Physiol. 2012, 227, 3670-3677. [CrossRef]

Trerotola, M.; Ganguly, K.K; Fazli, L.; Fedele, C.; Lu, H.; Dutta, A.; Liu, Q.; De Angelis, T.; Riddell, L.W.; Riobo, N.A.; et al. Trop-2
is up-regulated in invasive prostate cancer and displaces FAK from focal contacts. Oncotarget 2015, 6, 14318-14328. [CrossRef]
Guerra, E.; Trerotola, M.; Aloisi, A.L.; Tripaldi, R.; Vacca, G.; La Sorda, R.; Lattanzio, R.; Piantelli, M.; Alberti, S. The Trop-2
signalling network in cancer growth. Oncogene 2013, 32, 1594-1600. [CrossRef]

Ripani, E.; Sacchetti, A.; Corda, D.; Alberti, S. Human Trop-2 is a tumor-associated calcium signal transducer. Int. J. Cancer
1998, 76, 671-676. [CrossRef]

Chen, W,; Li, M.; Younis, M.H.; Barnhart, T.E.; Jiang, D.; Sun, T.; Lang, ].M.; Engle, ].W.; Zhou, M.; Cai, W. ImmunoPET of
trophoblast cell-surface antigen 2 (Trop-2) expression in pancreatic cancer. Eur. J. Nucl. Med. Mol. Imaging 2022, 49, 861-870.
[CrossRef]

Sharkey, R.M.; van Rij, C.M.; Karacay, H.; Rossi, E.A.; Frielink, C.; Regino, C.; Cardillo, T.M.; McBride, W.J.; Chang, C.H;
Boerman, O.C.; et al. A new Tri-Fab bispecific antibody for pretargeting Trop-2-expressing epithelial cancers. |. Nucl. Med.
2012, 53, 1625-1632. [CrossRef]

van Rij, C.M.; Frielink, C.; Goldenberg, D.M.; Sharkey, R.M.; Franssen, G.M.; Liitje, S.; McBride, W.].; Oyen, W.J.; Boerman, O.C.
Pretargeted immunoPET of prostate cancer with an anti-TROP-2 x anti-HSG bispecific antibody in mice with PC3 xenografts.
Mol. Imaging Biol. 2015, 17, 94-101. [CrossRef]

Kovtun, Y.V.; Goldmacher, V.S. Cell killing by antibody-drug conjugates. Cancer Lett. 2007, 255, 232-240. [CrossRef]
Goldenberg, D.M.; Stein, R.; Sharkey, R.M. The emergence of trophoblast cell-surface antigen 2 (TROP-2) as a novel cancer target.
Oncotarget 2018, 9, 28989-29006. [CrossRef]

Cardillo, TM.; Govindan, S.V.; Sharkey, R M.; Trisal, P.; Goldenberg, D.M. Humanized anti-Trop-2 IgG-SN-38 conjugate for
effective treatment of diverse epithelial cancers: Preclinical studies in human cancer xenograft models and monkeys. Clin. Cancer
Res. 2011, 17, 3157-3169. [CrossRef]

Cardillo, TM.; Govindan, S.V.; Sharkey, R.M.; Trisal, P.; Arrojo, R.; Liu, D.; Rossi, E.A.; Chang, C.H.; Goldenberg, D.M. Saci-
tuzumab Govitecan (IMMU-132), an Anti-Trop-2/SN-38 Antibody-Drug Conjugate: Characterization and Efficacy in Pancreatic,
Gastric, and Other Cancers. Bioconjug. Chem. 2015, 26, 919-931. [CrossRef]

Goldenberg, D.M.; Cardillo, T.M.; Govindan, S.V.; Rossi, E.A.; Sharkey, R.M. Trop-2 is a novel target for solid cancer therapy with
sacituzumab govitecan (IMMU-132), an antibody-drug conjugate (ADC). Oncotarget 2015, 6, 22496-22512. [CrossRef]

Koehn, H.; Magan, N.; Isaacs, R.J.; Stowell, K.M. Differential regulation of DNA repair protein Rad51 in human tumour cell lines
exposed to doxorubicin. Anticancer Drugs 2007, 18, 419-425. [CrossRef]


http://doi.org/10.3892/etm.2017.4788
http://doi.org/10.18632/oncotarget.16789
http://doi.org/10.1369/0022155411410430
http://doi.org/10.2147/CMAR.S147033
http://doi.org/10.1016/j.euo.2021.11.005
http://doi.org/10.1002/cam4.1018
http://doi.org/10.3892/ol.2018.7735
http://www.ncbi.nlm.nih.gov/pubmed/29467899
http://doi.org/10.1038/onc.2013.13
http://www.ncbi.nlm.nih.gov/pubmed/23416980
http://doi.org/10.1016/j.yexmp.2012.08.004
http://www.ncbi.nlm.nih.gov/pubmed/23031786
http://doi.org/10.1073/pnas.1603645113
http://doi.org/10.1073/pnas.1320565110
http://doi.org/10.1002/jcp.24074
http://doi.org/10.18632/oncotarget.3960
http://doi.org/10.1038/onc.2012.151
http://doi.org/10.1002/(SICI)1097-0215(19980529)76:5&lt;671::AID-IJC10&gt;3.0.CO;2-7
http://doi.org/10.1007/s00259-021-05563-1
http://doi.org/10.2967/jnumed.112.104364
http://doi.org/10.1007/s11307-014-0772-x
http://doi.org/10.1016/j.canlet.2007.04.010
http://doi.org/10.18632/oncotarget.25615
http://doi.org/10.1158/1078-0432.CCR-10-2939
http://doi.org/10.1021/acs.bioconjchem.5b00223
http://doi.org/10.18632/oncotarget.4318
http://doi.org/10.1097/CAD.0b013e328012a9a0

Cancers 2023, 15, 1744 17 of 18

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Sharkey, R.M.; McBride, W.J.; Cardillo, T.M.; Govindan, S.V.; Wang, Y.; Rossi, E.A.; Chang, C.H.; Goldenberg, D.M. Enhanced
Delivery of SN-38 to Human Tumor Xenografts with an Anti-Trop-2-SN-38 Antibody Conjugate (Sacituzumab Govitecan).
Clin. Cancer Res. 2015, 21, 5131-5138. [CrossRef]

Starodub, A.N.; Ocean, A.].; Shah, M.A.; Guarino, M.].; Picozzi, V.J.; Vahdat, L.T.; Thomas, S.S.; Govindan, S.V.; Maliakal, P.P,;
Wegener, W.A_; et al. First-in-Human Trial of a Novel Anti-Trop-2 Antibody-SN-38 Conjugate, Sacituzumab Govitecan, for the
Treatment of Diverse Metastatic Solid Tumors. Clin. Cancer Res. 2015, 21, 3870-3878. [CrossRef]

Okajima, D.; Yasuda, S.; Maejima, T.; Karibe, T.; Sakurai, K.; Aida, T.; Toki, T.; Yamaguchi, J.; Kitamura, M.; Kamei, R.; et al.
Datopotamab Deruxtecan, a Novel TROP2-directed Antibody-drug Conjugate, Demonstrates Potent Antitumor Activity by
Efficient Drug Delivery to Tumor Cells. Mol. Cancer Ther. 2021, 20, 2329-2340. [CrossRef] [PubMed]

Maderna, A.; Doroski, M.; Subramanyam, C.; Porte, A.; Leverett, C.A.; Vetelino, B.C.; Chen, Z.; Risley, H.; Parris, K.; Pandit,
J.; et al. Discovery of cytotoxic dolastatin 10 analogues with N-terminal modifications. J. Med. Chem. 2014, 57, 10527-10543.
[CrossRef] [PubMed]

Strop, P; Tran, T.T.; Dorywalska, M.; Delaria, K.; Dushin, R.; Wong, O.K.; Ho, W.H.; Zhou, D.; Wu, A.; Kraynov, E.; et al. RN927C,
a Site-Specific Trop-2 Antibody-Drug Conjugate (ADC) with Enhanced Stability, Is Highly Efficacious in Preclinical Solid Tumor
Models. Mol. Cancer Ther. 2016, 15, 2698-2708. [CrossRef] [PubMed]

King, G.T; Eaton, K.D.; Beagle, B.R.; Zopf, C.J.; Wong, G.Y.; Krupka, H.I,; Hua, S.Y.; Messersmith, W.A_; El-Khoueiry, A.B. A
phase 1, dose-escalation study of PF-06664178, an anti-Trop-2/Aur0101 antibody-drug conjugate in patients with advanced or
metastatic solid tumors. Investig. New Drugs 2018, 36, 836-847. [CrossRef]

Liu, Y,; Lian, W.; Zhao, X; Qi, W.; Xu, J.; Xiao, L.; Qing, Y.; Xue, T.; Wang, J. A first in-human study of A166 in patients with locally
advanced /metastatic solid tumors which are HER2-positive or HER2-amplified who did not respond or stopped responding to
approved therapies. J. Clin. Oncol. 2020, 38 (Suppl. 15), 1049. [CrossRef]

Bardia, A.; Messersmith, W.A_; Kio, E.A.; Berlin, ].D.; Vahdat, L.; Masters, G.A.; Moroose, R.; Santin, A.D.; Kalinsky, K.; Picozzi, V.;
et al. Sacituzumab govitecan, a Trop-2-directed antibody-drug conjugate, for patients with epithelial cancer: Final safety and
efficacy results from the phase I/II IMMU-132-01 basket trial. Ann. Oncol. 2021, 32, 746-756. [CrossRef]

Bardia, A.; Mayer, I.A.; Diamond, J.R.; Moroose, R.L.; Isakoff, S.J.; Starodub, A.N.; Shah, N.C.; O’Shaughnessy, ].; Kalinsky, K.;
Guarino, M.; et al. Efficacy and Safety of Anti-Trop-2 Antibody Drug Conjugate Sacituzumab Govitecan (IMMU-132) in Heavily
Pretreated Patients With Metastatic Triple-Negative Breast Cancer. J. Clin. Oncol. 2017, 35, 2141-2148. [CrossRef]

Kalinsky, K.; Diamond, J.R.; Vahdat, L.T.; Tolaney, S.M.; Juric, D.; O’Shaughnessy, J.; Moroose, R.L.; Mayer, .A.; Abramson, V.G.;
Goldenberg, D.M.; et al. Sacituzumab govitecan in previously treated hormone receptor-positive/HER2-negative metastatic
breast cancer: Final results from a phase I/1l, single-arm, basket trial. Ann. Oncol. 2020, 31, 1709-1718. [CrossRef]

Heist, R.S.; Guarino, M.].; Masters, G.; Purcell, W.T.; Starodub, A.N.; Horn, L.; Scheff, R.].; Bardia, A.; Messersmith, W.A.; Berlin,
J.; et al. Therapy of Advanced Non-Small-Cell Lung Cancer With an SN-38-Anti-Trop-2 Drug Conjugate, Sacituzumab Govitecan.
J. Clin. Oncol. 2017, 35, 2790-2797. [CrossRef]

Gray, ].E.; Heist, R.S,; Starodub, A.N.; Camidge, D.R.; Kio, E.A.; Masters, G.A.; Purcell, W.T.; Guarino, M.J.; Misleh, J.; Schneider,
C.J.; et al. Therapy of Small Cell Lung Cancer (SCLC) with a Topoisomerase-I-inhibiting Antibody-Drug Conjugate (ADC)
Targeting Trop-2, Sacituzumab Govitecan. Clin. Cancer Res. 2017, 23, 5711-5719. [CrossRef]

Horita, N.; Yamamoto, M.; Sato, T.; Tsukahara, T.; Nagakura, H.; Tashiro, K.; Shibata, Y.; Watanabe, H.; Nagai, K.; Inoue, M.; et al.
Topotecan for Relapsed Small-cell Lung Cancer: Systematic Review and Meta-Analysis of 1347 Patients. Sci. Rep. 2015, 5, 15437.
[CrossRef]

Bardia, A.; Hurvitz, S.A.; Tolaney, S.M.; Loirat, D.; Punie, K.; Oliveira, M.; Brufsky, A.; Sardesai, S.D.; Kalinsky, K.; Zelnak, A.B.;
et al. Sacituzumab Govitecan in Metastatic Triple-Negative Breast Cancer. N. Engl. ]. Med. 2021, 384, 1529-1541. [CrossRef]
Rugo, H.S.; Bardia, A.; Marmé, F,; Cortes, J.; Schmid, P; Loirat, D.; Trédan, O.; Ciruelos, E.; Dalenc, F; Pardo, P.G.; et al.
Sacituzumab Govitecan in Hormone Receptor-Positive/Human Epidermal Growth Factor Receptor 2-Negative Metastatic Breast
Cancer. J. Clin. Oncol. 2022, 40, 3365-3376. [CrossRef]

Rugo, H.S.; Bardia, A.; Marmé, E,; Cortés, J.; Schmid, P; Loirat, D.; Tredan, O.; Ciruelos, E.M.; Dalenc, F.; Gomez Pardo, P;
et al. LBA76 Overall survival (OS) results from the phase III TROPiCS-02 study of sacituzumab govitecan (SG) vs. treatment
of physician’s choice (TPC) in patients (pts) with HR+/HER2- metastatic breast cancer (mBC). Ann. Oncol. 2022, 33, S1386.
[CrossRef]

Rugo, H.S.; Bardia, A.; Marmé, F. Sacituzumab Govitecan vs. Treatment of Physician’s Choice: Efficacy by Trop-2 Expression in
the TROPiCS-02 Study of Patients With HR+/HER2- Metastatic Breast Cancer. In Proceedings of the 2022 San Antonio Breast
Cancer Symposium, San Antonio, TX, USA, 6-10 December 2022; Abstract GS1-11.

Tagawa, S.T.; Balar, A.V.; Petrylak, D.P,; Kalebasty, A.R.; Loriot, Y.; Fléchon, A.; Jain, R K.; Agarwal, N.; Bupathi, M.; Barthelemy,
P, et al. TROPHY-U-01: A Phase II Open-Label Study of Sacituzumab Govitecan in Patients with Metastatic Urothelial Carcinoma
Progressing After Platinum-Based Chemotherapy and Checkpoint Inhibitors. J. Clin. Oncol. 2021, 39, 2474-2485. [CrossRef]
Spring, L.; Tolaney, S.M.; Desai, N.V.; Fell, G.; Trippa, L.; Comander, A.H.; Mulvey, TM.; McLaughlin, S.; Ryan, P; Rosenstock, A.S.;
et al. Phase 2 study of response-guided neoadjuvant sacituzumab govitecan (IMMU-132) in patients with localized triple-negative
breast cancer: Results from the NeoSTAR trial. J. Clin. Oncol. 2022, 40 (Suppl. 16), 512. [CrossRef]

Lenart, S.; Lenart, P; Smarda, J.; Remsik, J.; Soucek, K.; Benes, P. Trop2: Jack of All Trades, Master of None. Cancers 2020, 12, 3328.
[CrossRef]


http://doi.org/10.1158/1078-0432.CCR-15-0670
http://doi.org/10.1158/1078-0432.CCR-14-3321
http://doi.org/10.1158/1535-7163.MCT-21-0206
http://www.ncbi.nlm.nih.gov/pubmed/34413126
http://doi.org/10.1021/jm501649k
http://www.ncbi.nlm.nih.gov/pubmed/25431858
http://doi.org/10.1158/1535-7163.MCT-16-0431
http://www.ncbi.nlm.nih.gov/pubmed/27582525
http://doi.org/10.1007/s10637-018-0560-6
http://doi.org/10.1200/JCO.2020.38.15_suppl.1049
http://doi.org/10.1016/j.annonc.2021.03.005
http://doi.org/10.1200/JCO.2016.70.8297
http://doi.org/10.1016/j.annonc.2020.09.004
http://doi.org/10.1200/JCO.2016.72.1894
http://doi.org/10.1158/1078-0432.CCR-17-0933
http://doi.org/10.1038/srep15437
http://doi.org/10.1056/NEJMoa2028485
http://doi.org/10.1200/JCO.22.01002
http://doi.org/10.1016/j.annonc.2022.08.012
http://doi.org/10.1200/JCO.20.03489
http://doi.org/10.1200/JCO.2022.40.16_suppl.512
http://doi.org/10.3390/cancers12113328

Cancers 2023, 15, 1744 18 of 18

79. Bardia, A.; Juric, D.; Shimizu, T.; Tolcher, A.; Karim, R.; Spira, A.; Mukohara, T.; Lisberg, A.E.; Kogawa, T.; Krop, L; et al.
LBA4 Datopotamab deruxtecan (Dato-DXd), a TROP2-directed antibody-drug conjugate (ADC), for triple-negative breast cancer
(TNBC): Preliminary results from an ongoing phase I trial. Ann. Oncol. 2021, 32, S60. [CrossRef]

80. Shimizu, T.; Lisberg, A.E.; Sands, ].M.; Greenberg, ].; Phillips, P.; Tajima, N.; Kawasaki, Y.; Gu, J.; Kobayashi, F.; Yamamoto, N.;
et al. O2-1 Datopotamab Deruxtecan (Dato-DXd; DS-1062), a TROP2 ADC, in patients with advanced NSCLC: Updated results of
TROPION-PanTumor01 phase 1 study*. Ann. Oncol. 2021, 32, S285. [CrossRef]

81. Garon, E.B.; Johnson, M.L,; Lisberg, A.E.; Spira, A.; Yamamoto, N.; Heist, R.S.; Sands, ].M.; Yoh, K.; Meric-Bernstam, F.; Kitazono,
S.; et al. LBA49 Efficacy of datopotamab deruxtecan (Dato-DXd) in patients (pts) with advanced /metastatic (adv/met) non-small
cell lung cancer (NSCLC) and actionable genomic alterations (AGAs): Preliminary results from the phase I TROPION-PanTumor01
study. Ann. Oncol. 2021, 32, S1326-51327. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.annonc.2021.03.213
http://doi.org/10.1016/j.annonc.2021.05.524
http://doi.org/10.1016/j.annonc.2021.08.2128

	Background 
	TROP-2 Biology and Functions 
	Trop-2 Properties, Binding Partners, and Signalling Pathways 
	IGF-1/IGF-1R 
	Claudin 
	ERK1/2 
	NRG1 
	Cyclin D1 
	PKC 


	TROP-2 Significance in Cancer 
	Strategies to Target Trop-2 
	Sacituzumab Govitecan 
	Datopotamab Deruxtecan (DS-1062a) 
	PF-06664178 
	SKB264 

	Clinical Experience 
	Future Directions 
	Conclusions 
	References

