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ABSTRACT
Introduction: Triple-Negative Breast Cancer (TNBC) is an aggressive breast cancer subtype, in which targeting the Trophoblast 
cell-surface antigen-2 (Trop-2), using antibody-drug conjugates (ADC), results in significant clinical improvement. However, 
clinicopathological correlations with Trop-2 protein expression levels remain limited in TNBC patients.
Methods: Here we assessed by immunohistochemistry (IHC) using the mouse monoclonal anti-Trop-2 antibody (Enzo, Cat. 
ENZ-ABS380) cell membrane Trop-2 expression levels and classified them in 3 H-Score classes, low (< 100), moderate (100–200), 
and strong (> 200). We also evaluated potential associations with clinicopathological variables including basal-like and molecu-
lar apocrine phenotypes, immune infiltrate characteristics, PTEN and PIK3CA alterations in a large retrospective series of 228 
nonmetastatic TNBC patients.
Results: Trop-2 expression was evaluated as low, moderate and strong in 12.3%, 28.9%, and 58.8% of the cases respectively. Only 
3 tumors showed no Trop-2 expression. Interestingly, Trop-2 expression was not associated with classical breast cancer clinico-
pathological variables, HER2 levels or molecular subtype, neither did we observe an association with relapse-free survival. Only 
a marginal association with pT1 tumors was observed, which tended to express increased levels of Trop-2 protein.
In order to determine possible fluctuations of Trop-2 protein expression levels during the course of the disease, we studied a 
second independent cohort of 18 TNBC comprised of serial tissue samples (diagnostic biopsies, surgical resection specimens and 
corresponding patients-derived xenografts (PDX)). Trop-2 levels remained globally stable between cognate tumor samples with 
only one exception corresponding to a Trop-2-negative tumor giving rise to a Trop-2-positive PDX.
Conclusions: As Trop-2 expression appears nearly constant and independent of classical TNBC variables and outcome, associ-
ation of anti-Trop-2 therapies with other targeted therapies can be evaluated without reducing the population in specific TNBC 
subgroups.
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1   |   Introduction

Triple-negative breast cancers (TNBC), defined by the lack es-
trogen (ER) and progesterone receptor (PR) expression, as well 
as no Human Epidermal Growth Factor Receptor 2 (HER2) over-
expression/amplification, represent 15% of breast cancer overall 
[1, 2]. TNBC bear the worst prognosis of all breast cancers and 
despite their initial chemosensitivity show early relapse and 
frequent metastasis [1, 3]. Furthermore, therapeutic options re-
main limited in TNBC, making it an unmet medical need [4–6].

Trophoblast cell-surface antigen-2 (Trop-2), encoded by the 
TACSTD-2 (tumor-associated calcium signal transducer 2) gene, 
is a 40-kDa transmembrane glycoprotein belonging to the ep-
ithelial cell adhesion molecule (EpCAM) family implicated in 
intracellular calcium signaling. Trop-2 interacts with multiple 
regulators and transcription factors, including PI3K/PTEN/
AKT and MAP/ERK pathways, in a cell context-dependent way 
[7]. It plays important roles during embryonal and fetal devel-
opment, and is considered a robust marker of adult stem cells. 
It is involved in numerous intracellular signaling pathways in 
normal cells [8]. Although Trop-2 expression was originally de-
scribed in trophoblasts, it has been subsequently described in an 
array of normal epithelial and mesenchymal tissues [7], where it 
is considered to regulate stem cell proliferation, migration and 
regenerative potential in pathological condition [7]. Trop-2 ex-
pression has also been described in nearly all epithelial cancer 
types, high levels of expression being often associated with a 
worse prognosis [7]. However, even if it is widely expressed in 
human tumors, TNBC have been proposed to show higher ex-
pression levels [9].

Trop-2 has recently become a therapeutic target of choice. Indeed, 
recently developed anti-Trop-2 antibodies conjugated with a cy-
totoxic agent (Antibody-Drug Conjugates or ADC) have shown 
encouraging efficacy in metastatic TNBC patients. Sacituzumab 
govitecan, a Trop-2-directed monoclonal antibody coupled to 
a topoisomerase 1 inhibitor payload, has since been approved 
and is currently used in clinical practice in heavily pretreated 
patients with metastatic TNBC [10, 11]. Further ADCs, such as 
datopotamab deruxtecan, are currently under clinical develop-
ment in various advanced solid tumors including non-small cell 
lung cancer, digestive, gynecologic, and breast cancers [12].

Despite these clinical developments, the impact of Trop-2 ex-
pression on TNBC biology and associations with clinicopatho-
logical and clinical outcome appear poorly investigated. Indeed, 
the published series are frequently investigating heterogeneous 
breast cancer populations and do not present findings specific of 
the TNBC subgroup [8, 9, 13–15].

Based on previous examples of biomarkers with diverse and 
sometimes complex prognostic significance, we postulated that 
considering the predictive value of a biomarker without consid-
ering its prognostic value could be potentially detrimental to 
the development of adapted therapies. Indeed, ER and HER2 
bear opposite prognostic values, while being highly predictive 
of drug efficacy for endocrine therapy in ER+ tumors and anti-
HER2 targeted therapies in HER2 overexpressed/amplified 
tumors, respectively. Furthermore, it took extensive investiga-
tions to determine the actual impact of PIK3CA mutations in 

endocrine resistance supporting the clinical development of 
PI3K inhibitors.

The present work was undertaken to determine the poten-
tial prognostic impact of Trop-2 expression levels in a well-
characterized cohort of 228 early-stage TNBC patients treated at 
our institution. We report here the associations of Trop-2 expres-
sion with clinicopathological features and relapse-free survival 
(RFS). In addition, we examined the changes in Trop-2 expres-
sion levels during the course of the disease, and between patient 
derived xenografts (PDX) [16] and their tumor of origin, in order 
to evaluate their suitability in preclinical studies targeting this 
biomarker.

2   |   Materials and Methods

2.1   |   Patients

TNBC samples were retrospectively collected from our Pathology 
Department (Biobank number BB-0033–00059). Chemotherapy-
naïve, unifocal, unilateral and nonmetastatic TNBC (ER and 
PR < 10% and HER2 0, 1+ by immunohistochemistry (IHC) or 
2+ by IHC and ERBB2 non-amplified by in  situ hybridization 
(ISH)) surgically removed between 2002 and 2012 were selected. 
Each patient was managed in accordance with our institution's 
guidelines [17]. Representative tumor areas were arrayed as two 
cores of 1 mm in diameter in six tissue microarray (TMA). As 
these TMA were previously used for other projects [18–20], 228 
specimens from the 296 initially punched were assessable for 
Trop-2 expression. Their clinicopathological characteristics are 
summarized in Table  1. This study was approved by the ICM 
Institutional Review Board (ID number ICM-CORT-2022-16) 
and followed the ethical principles for medical research involv-
ing human subjects (WMA Declaration of Helsinki). All pa-
tients signed a written, informed consent. This study aiming at 
biological markers' prognostic impact, this manuscript adheres 
to the REMARK guidelines.

2.2   |   PDX and Related Human Samples

Trop-2 IHC expression was analyzed on Formalin-fixed, 
paraffin-embedded (FFPE) samples from 22 TNBC PDX mod-
els [16] and their tumors of origin. These corresponded to 5 pri-
mary chemo-naïve tumors, 15 post-neo-adjuvant chemotherapy 
(NAC) primary tumors and 2 recurrences. All available samples 
related to the tumors of origin were identified from medical files 
and analyzed as well.

2.3   |   Immunohistochemistry

Trop-2 expression was assessed by IHC on serial sections from 
the TMAs used in previous studies in which the other biomark-
ers used in this study have been described (Table S1).

We selected the mouse monoclonal anti-Trop-2 antibody (Enzo, 
Cat. ENZ-ABS380), previously used in the ancillary study of 
the phase III clinical trial assessing the efficacy of sacituzumab 
govitecan in TNBC [21]. This antibody is human-specific and 
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TABLE 1    |    Patients and tumors characteristics and correlations with Trop-2 expression.

Low Medium High Total

p

Low/Med High Total

pn = 28 (%) n = 66 (%) n = 134 (%)
n = 228 

(%) n = 94 (%) n = 134 (%)
n = 228 

(%)

Age 0.12 0.19

< 58.4 12 (10.6%) 39 (34.5%) 62 (54.9%) 113 51 (45.1%) 62 (54.9%) 113

≥ 58.4 16 (14.3%) 25 (22.3%) 71 (63.4%) 112 41 (36.6%) 71 (63.4%) 112

pT stage 0.002 0.0004

T1 8 (8%) 22 (22%) 70 (70%) 100 30 (30%) 70 (70%) 100

T2 16 (14.2%) 36 (31.9%) 61 (54%) 113 52 (46%) 61 (54%) 113

T3/T4 4 (26.7%) 8 (53.3%) 3 (20%) 15 12 (80%) 3 (20%) 15

pN stage 
(one Nx)

0.24 0.13

N− 21 (14.6%) 44 (30.6%) 79 (54.9%) 144 65 (45.1%) 79 (54.9%) 144

N+ 7 (8.4%) 22 (26.5%) 54 (65.1%) 83 29 (34.9%) 54 (65.1%) 83

SBR Grade 
(3 Miss)

0.9 0.78

I/II 5 (9.8%) 15 (29.4%) 31 (60.8%) 51 20 (39.2%) 31 (60.8%) 51

III 21 (12.1%) 51 (29.3%) 102 (58.6%) 174 72 (41.4%) 102 (58.6%) 174

Histology 0.38 0.32

Ductal 7 (18.9%) 11 (29.7%) 19 (51.4%) 37 18 (48.6%) 19 (51.4%) 37

Lobular/
Other

21 (11%) 55 (28.8%) 115 (60.2%) 191 76 (39.8%) 115 (60.2%) 191

PIK3CA (109 
Miss)

0.43 0.71

Yes 1 (5.9%) 7 (41.2%) 9 (52.9%) 17 8 (47.1%) 9 (52.9%) 17

No 15 (14.7%) 28 (27.5%) 59 (57.8%) 102 43 (42.2%) 59 (57.8%) 102

PTEN (111 
Miss)

0.17 0.06

Norm/
Ampl.

11 (12.5%) 23 (26.1%) 54 (61.4%) 88 34 (38.6%) 54 (61.4%) 88

Deletion 5 (17.2%) 12 (41.4%) 12 (41.4%) 29 17 (58.6%) 12 (41.4%) 29

Basal-like (2 
Miss)

0.42 0.49

Yes 7 (9.7%) 25 (34.7%) 40 (55.6%) 72 32 (44.4%) 40 (55.6%) 72

No 20 (13%) 41 (26.6%) 93 (60.4%) 154 61 (39.6%) 93 (60.4%) 154

Mol apoc (15 
Miss)

0.5 0.26

Yes 8 (9.5%) 22 (26.2%) 54 (64.3%) 84 30 (35.7%) 54 (64.3%) 84

No 17 (13.2%) 39 (30.2%) 73 (56.6%) 129 56 (43.4%) 73 (56.6%) 129

HER2 1 1

0 24 (12.6%) 55 (28.8%) 112 (58.6%) 191 79 (41.4%) 112 (58.6%) 191

1+ 3 (10%) 9 (30%) 18 (60%) 30 12 (40%) 18 (60%) 30

(Continues)
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does not cross-react with the murine form of Trop-2. IHC was 
performed on 3-μm thin TMA sections following simultane-
ous deparaffinization, rehydration and epitopes unmasking 
in low pH target retrieval solution (Dako Agilent Flex K8005). 
After inhibition of the endogenous peroxidase (Dako Agilent 
Flex Kit K8000), the slides were incubated for 10 min in a pro-
tein block solution (Dako Agilent X0909) to reduce non-specific 
background. Primary antibody was used at 1:2000 dilution, in-
cubated for 30 min at room temperature, and revealed with the 
Flex/Horse Radish Peroxidase (HRP) reagent (Dako Agilent Flex 
Kit K8000) followed by incubation with 3,3′-diaminobenzidine 
(DAB) as chromogen. Finally, sections were stained with he-
matoxylin (Dako Agilent Ref K8008), dehydrated and mounted 
with permanent mounting medium. All slides were stained as a 
single batch to reduce experimental variability.

For PDX immunostaining, to avoid spurious staining related to 
the use of a mouse antibody on a mixed human/mouse tissue, 
anti-Trop-2 antibody was primarily detected with a rabbit anti-
mouse Fc specific antibody (Abcam, ab133469). This complex 
was then highlighted with the EnVision Rabbit reagent (Dako 
Agilent, K400311), a dextran polymer coupled to anti-rabbit 

immunoglobulins and to several HRP molecules. DAB reagent 
was used as chromogen. PDX-matched human samples were 
also treated with this protocol and run simultaneously to allow 
comparison of Trop-2 expression levels.

Trop-2-immunostained TMA slides were digitalized on a 
Nanozoomer scanner and analyzed independently by two inves-
tigators (FBM, MCC), blinded to the clinicopathological features. 
Tissue microarray cores that were missing or contained fewer 
than 10 cancer cells or demonstrated significant artifacts were 
not scored. Immunostaining was scored according to the meth-
odology described by Bardia et al. [21] to quantify the cellular 
membrane signal. First, we established a score grid, according 
to staining intensity (no labeling: 0; weak labeling: 1; moderate 
labeling: 2; strong labeling: 3; Figure 1A). Then, for each sam-
pled core, the percentage of labeled invasive tumor cells in each 
intensity was reported. The overall cellular membrane expres-
sion was then calculated using the H-Score method (3× % of cells 
with labeling intensity 3 + 2 × % of cells with intensity 2 + 1 × % 
of cells with intensity 1). The scores obtained ranged from 0 to 
300. The agreement between the two independent analyses was 
high (R2 = 0.86) and increased to a R2 of 0.92 after consensual 

Low Medium High Total

p

Low/Med High Total

pn = 28 (%) n = 66 (%) n = 134 (%)
n = 228 

(%) n = 94 (%) n = 134 (%)
n = 228 

(%)

2+ 1 (14.3%) 2 (28.6%) 4 (57.1%) 7 3 (42.9%) 4 (57.1%) 7

TCRγδ (6 
Miss)

0.12 0.19

Low 12 (10.6%) 39 (34.5%) 62 (54.9%) 113 51 (45.1%) 62 (54.9%) 113

High 16 (14.3%) 25 (22.3%) 71 (63.4%) 112 41 (36.6%) 71 (63.4%) 112

CXCR2 (8 
Miss)

0.08 0.08

Low 19 (17%) 33 (29.5%) 60 (53.6%) 112 52 (46.4%) 60 (53.6%) 112

High 9 (8%) 30 (26.8%) 73 (65.2%) 112 39 (34.8%) 73 (65.2%) 112

PD-L1 (20 
Miss)

0.67 0.4

Low 13 (11.9%) 34 (31.2%) 62 (56.9%) 109 47 (43.1%) 62 (56.9%) 109

High 12 (11.5%) 27 (26%) 65 (62.5%) 104 39 (37.5%) 65 (62.5%) 104

TILs (6 
Miss)

0.13 0.09

Low 16 (16.5%) 29 (29.9%) 52 (53.6%) 97 45 (46.4%) 52 (53.6%) 97

High 11 (8.8%) 33 (26.4%) 81 (64.8%) 125 44 (35.2%) 81 (64.8%) 125

AdjCT (1 
Miss)

0.14 0.09

Yes 7 (11.9%) 23 (39%) 29 (49.2%) 59 30 (50.8%) 29 (49.2%) 59

No 21 (12.5%) 43 (25.6%) 104 (61.9%) 168 64 (38.1%) 104 (61.9%) 168

Note: Miss: Missing data; PIK3CA: PIK3CA gene mutation; PTEN: PTEN mutation status; Basal-like: Basal-like phenotype, defined by positive staining for cytokeratin 
5/6 and/or EGFR (> 10% tumor cells stained in IHC); Mol apoc: Molecular apocrine phenotype defined expression of Androgen Receptor and FOXA1 expression, using 
a ≥ 1% positivity cut-off (nuclear staining); TCRγδ and CXCR2 low and high categories are defined according to their median value; PD-L1: Programmed death-ligand 
1 stromal expression dichotomized as low and high expression (< 10% or ≥ 10% of PD-L1-positive stromal cells); TILs: Tumor Infiltrating Lymphocytes, using a 5% 
threshold; AdjCT: Adjuvant chemotherapy prescription; Significant variables (p-value < 0.05) are highlighted in bold.

TABLE 1    |    (Continued)
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analysis of the 10% most discordant cases (data not shown). The 
mean H-score was used for the statistical analysis.

2.4   |   Molecular Analyses

Data related to PIK3CA and PTEN gene status were recovered 
from our previous study describing these data [22].

2.5   |   Statistical Analysis

Percentages were used to describe categorical variables, medi-
ans and ranges for continuous variables. Categorical variables 
were compared with the Pearson's chi-square or Fisher's exact 
test. RFS was defined as the time from the surgery date to tumor 
recurrence. Spearman correlation coefficient was used to eval-
uate the level of relationship between variables. The date of the 
last recorded visit and the date of death were used to censor pa-
tients alive at the last follow-up without recurrence/lost to fol-
low-up and patients who died without recurrence, respectively. 
RFS rates were calculated with the Kaplan–Meier method and 
compared with the log–rank test. The Cox proportional hazard 
model was used for multivariate analysis of all variables with a 
p-value < 0.2 in univariate analysis. Hazard Ratio (HR) are pre-
sented with the 95% CI. STATA 16.1 (StatCorp, College Station, 
TX, USA) was used for all statistical analyses.

3   |   Results

3.1   |   Trop-2 Expression

Clinicopathological characteristics of the study population were 
in accordance with other TNBC collections, i.e. median age 
58.4 years (range: 28.5–89.1 years) with a large majority of ductal 
carcinoma. Treatment regimens were adjuvant chemotherapy 
(AdjCT) in 74% of the patients. Patients received adjuvant radia-
tion therapy according to clinical indications.

Trop-2 expression levels were assessed by IHC (Figure 1A) and 
tumors were classified in Trop-2 low (< 100), medium (100–200) 
or high (> 200) H-score [21], comprising 28 (12.3%), 66 (28.9%) 
and 134 (58.8%) of the cases respectively (Figure  1B). To gain 
statistical power, we distributed the tumors into two discrete 
groups: low and medium vs high expression. Overall, no sta-
tistical correlation was found between classical prognostic 
factors, nor emergent biomarkers previously evaluated in this 
cohort (Table 1), including HER2 levels (Figure 2A), or pN sta-
tus (Figure 2B). Unexpectedly, we found a significant associa-
tion with T1 stage (p = 0.0004), indicating that smaller tumors 
showed increased Trop-2 protein expression levels (Figure 2C).

3.2   |   Survival Analyses

The median follow-up in our 228 TNBC cohort was 9.8 years 
(95% CI [9.1; 10.5]), with 75 deaths and 64 relapses recorded. The 
5-year Overall Survival (OS) was 78.5% (95% CI [72.5–83.3]), and 
the 5-year Relapse-Free Survival (RFS) was 74.4% (95% CI [68.1–
79.6]). Due to significant numbers of non-cancer-related deaths, 
we chose RFS as the relevant cancer-associated prognostic pa-
rameter. No significant association between Trop-2 and RFS 
was found (HR = 0.788, 95% CI [0.482–1.287], p = 0.34), whereas 
other parameters known to bear prognostic significance were 
strongly correlated to RFS (Table  S2). Namely, high pT value, 
lymph node positivity, PTEN deletion, low (< 10%) stromal PD-
L1 expression, low (< 5%) TILs infiltration and no adjuvant che-
motherapy were associated with a worse prognosis. Moreover, 
RFS was not significantly different in low/medium Trop-2 vs. 
high Trop-2 expressing tumors, whether or not the population 
received adjuvant chemotherapy, indicating an absence of pre-
dictive or prognostic impact of Trop-2 expression (Figure 3). The 
results were consistent using the 3 H-score levels (i.e., low, me-
dium, and high Trop-2 expression).

In the multivariate analysis (Table S3A, 107 patients included) 
where T and N stages, PTEN status, PD-L1 stromal stain-
ing, TCRγδ infiltration, CXCR2 expression and AdjCT were 

FIGURE 1    |    (A) Representative images of Trop-2 immunolabeling in TNBC showing 4 typical Trop-2 expression levels: 0: Absent (H score 0), 1: 
Low (< 100), 2: Medium (100–200), 3: High (> 200). Immunoperoxydase staining, ×400 magnification. (B) Immunohistochemical determination of 
Trop-2 protein expression levels in our TNBC collection.
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FIGURE 2    |    Trop-2 expression levels (H-Score) were evaluated according to IHC HER2 expression levels (A), pN stage (B) and pT stage (C).

FIGURE 3    |    Relapse-free survival according Trop-2 expression level, (A) medium/Low expression levels vs High expression level, (B) in the co-
hort of patients without AdjCT, (C) in the cohort of patients with AdCT.
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significant determinants of RFS, Trop-2 expression levels were 
not retained in the model. Because of elevated PTEN missing 
cases, we excluded PTEN in a second multivariate analysis 
(Table S3B, 201 patients included), in which T and N stages, PD-
L1 stromal staining, TILs levels and AdjCT were the only signif-
icant determinants of RFS.

3.3   |   Temporal Evolution and Corresponding PDX 
Trop-2 Expression Profiles

We analyzed 22 TNBC-PDX models (5 chemotherapy-naive 
tumors, 15 tumors removed after Neoajuvant chemotherapy 
(NAC) and 2 recurrences) paired with their tumors of origin, 
to verify whether Trop-2 expression levels changed during the 
course of the disease [16]. As shown in Figure 4A,B Trop-2 ex-
pression levels were not significantly different in the PDX tu-
mors from those observed in their tumor of origin. A significant 
correlation of Trop-2 expression was seen between the human 
samples and their paired PDX counterparts (r = 0.587, p = 0.004, 
Figure 4C). A single case of discrepancy, in which the patient's 
tumor was Trop-2 negative while the corresponding PDX scored 
Trop-2-positive, was observed.

Next, we evaluated serial tumor samples (biopsy at diagnosis vs 
surgical sample of primary tumor vs recurrence) in this popu-
lation of patients to evaluate the kinetics of Trop-2 expression 
levels during clinical evolution (Figure  5). Eighteen patients, 
with at least 2 consecutive samples, were assessable. Overall, 

we observed a significant correlation of Trop-2 expression be-
tween biopsy and paired surgical specimen, even in tumors 
sampled after NAC (r = 0.606, p = 0.010). Levels remained rela-
tively constant between biopsies, surgical specimens and recur-
rences. There were no significant Trop-2 expression differences 
between biopsies and surgical specimens (p = 0.418). Variations 
in Trop-2 expression levels after NAC did not exceed those ob-
served between biopsies and chemotherapy-naive surgical spec-
imens. This suggests that these variations were probably related 
to spatial heterogeneity of Trop-2 expression, which was not 
taken into account in the analysis of biopsies.

4   |   Discussion

In the absence of recurrent druggable targets, sustained efforts 
have been made to refine TNBC taxonomy in order to discover 
therapeutic opportunities [4–6]. The recent validation of Trop-2 
as a therapeutic target, using ADCs such as sacituzumab govite-
can [10], generated a renewed interest for this transmembrane 
molecule. However, the link between tumor biology and Trop-2 
expression levels remains poorly investigated in TNBC.

Clinicobiological characteristics associated with Trop-2 expres-
sion are of clinical importance. Trop-2 expression is known to 
be highly expressed in numerous normal and tumor tissues. 
However, Trop-2 expression levels are higher in TNBC and in-
versely correlated with E-cadherin expression, suggesting a role 
in epithelial-mesenchymal transition [9]. Despite this apparent 

FIGURE 4    |    Trop-2 expression profiles are conserved between patient tumors and corresponding PDX models; (A) Trop-2 expression was as-
sessed by IHC in 22 pairs of patient tumors and corresponding PDX. (B) Comparison of Trop-2 expression between human samples and PDX; (C) 
Correlation of Trop-2 expression between human samples and paired PDX. Black: Primary, chemonaïve tumors, red: Recurrent or metastatic clinical 
sample, blue: Post-NAC tumors.
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lack of specificity, sacituzumab govitecan demonstrated its 
clinical usefulness in the treatment of metastatic TNBC and 
was clinically validated [10]. Based on TNBC heterogeneity, we 
postulated that a refined knowledge of Trop-2 biology could be 
of value in terms of treatment indications and therapeutic asso-
ciation opportunities in TNBC. Indeed, even if all the patients 
under sacituzumab govitecan derived a significant benefit com-
pared to standard of care chemotherapy in the ASCENT study, 
a gradient of efficacy based on Trop-2 expression levels was ob-
served [21], arguing for the limited predictive value of Trop-2 
expression levels. Along similar lines, data suggested that resis-
tance to sacituzumab govitecan may be linked to Trop-2 expres-
sion levels and cellular localization [23].

Our evaluation of Trop-2 expression levels in a homogeneous 
cohort of 228 localized TNBC after surgery without neoadjuvant 
treatment, revealed that Trop-2 is expressed in nearly all the tu-
mors and showed no association with specific TNBC biological 
subtypes or variables, nor relapse risk. Our patient cohort has 
been extensively characterized in previous publications [18–20, 
22, 24], allowing for a comprehensive evaluation of the impact of 
Trop-2 expression in TNBC.

Trop-2 expression in breast cancer was studied by Vidula et al. 
at the mRNA level using microarray data available in the I-SPY 
1, METABRIC, and TCGA datasets [25]. Although Trop-2 gene 
expression was detectable in all breast cancer subtypes, it was 
lower in HER2+ compared to HR+/HER2- and TNBC tumors 
and, interestingly, grade I tumors showed increased expres-
sion, possibly paralleling with our finding of accrued Trop-2 
in T1 tumor stage. Noticeably, in this study encompassing all 
breast cancer subtypes, Trop-2 gene expression was not associ-
ated with chemotherapy response or recurrence-free survival. 
Similar observations were made in an IHC evaluation of Trop-2 
protein levels in a TMA comprising 404 breast tumors, includ-
ing 32 TNBC [23]. Interestingly, Trop-2 expression levels were 
significantly higher in TNBC patients (59.38%) compared with 
other subtypes (38.28%, p = 0.024), but no association was found 

with survival [23]. In further agreement with our findings, 
Ambrogi and coworkers, analyzing a large population compris-
ing all breast cancer subtypes, did not observe any correlation 
between Trop-2 expression and relapse [15]. However, they re-
ported an association with overall survival, which may be mis-
leading, since the cause of death may involve non-cancer related 
causes, contralateral or other cancer sites. Moreover, the TNBC 
cases were not specifically characterized in their data, as the 
tumors were solely stratified on ER, PR, and HER2 expression 
levels, limiting the possibilities to extrapolate the results in the 
TNBC population [15]. Recently, Izci et al. [13] studied Trop-2 
protein expression in a large series of 685 stage I-III TNBC pa-
tients and did not observe any association with either relapse or 
overall survival, but found a correlation with lymphovascular 
invasion and lymph node involvement. However, their results 
based on the Abcam Ab227689 monoclonal antibody, showed 
Trop-2 expression patterns that differed substantially from our 
data. Their H-score distribution was of 16.5%, 25.3%, and 58.2% 
for high, medium and low H-scores respectively, in contrast 
to our findings (similar to those reported in the ASCENT trial 
[21]) showing 58.8%, 28.9% and 12.3% in these H-score groups. 
Furthermore, they report a significant association between 
Trop-2 and androgen receptor (AR) expression, which could 
reflect the globally small number of high-level AR expressing 
tumors and could merit the use of alternative analytical meth-
ods. Indeed, using FOXA1 co-expression evaluation to identify 
tumors with activated AR tumors, we did not find any correla-
tion between the molecular apocrine profile and Trop-2 levels 
of expression.

Our data show that in early TNBC, apart from a significant 
association with pT1 tumor size, Trop-2 expression appeared 
independent of classical prognostic or predictive variables in 
TNBC and was not associated with survival. This is in accor-
dance with Jeon and coworkers, [14] who only report a signifi-
cant association with prognosis in the metastatic cohort. To our 
knowledge, we are the first to evaluate correlations of Trop-2 
expression levels with HER2-low status, basal-like phenotype, 

FIGURE 5    |    (A) Correlation analysis of Trop-2 expression between biopsies and surgical specimens; (B) Trop-2 IHC expression according to tumor 
progression (n = 18 patients) Black: No preoperative treatment, blue: NAC.
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PIK3CA mutations, PTEN alterations and emerging immune 
infiltrate biomarkers such as PD-L1, CXCR2 and TCRγδ. These 
informations could be of importance to define future strategies 
of therapeutic associations in TNBC. Finally, our data highlight 
the stability of Trop-2 expression patterns during TNBC natural 
history, and between tumors of origin and corresponding PDX. 
These results pave the way for the study of resistance mecha-
nisms to anti-Trop-2 targeted agents in these preclinical models, 
that encompass the full complexity of the clinical natural his-
tory of breast cancer.

Altogether, our data underline the nearly constant expression of 
Trop-2 in TNBC tissues, whatever the clinicopathological vari-
ables and biological subtypes. More specifically, its expression 
level is unaffected by HER2 expression level, the presence of 
basal-like or molecular apocrine markers, expression of emer-
gent immune infiltrate biomarkers or presence of PIK3CA or 
PTEN alterations. This homogeneous expression of Trop-2 ap-
pears of interest in the design of therapeutic associations, because 
it reduces the risk of segmentation of the targeted population 
in small size niches in the TNBC population characterized by 
an elevated heterogeneity. Indeed, the HER2-low breast cancer 
subtype is currently targetable by trastuzumab deruxtecan [26], 
and basal-like and molecular apocrine tumors are extensively 
investigated for sensitivity to DNA-damaging agents (basal-like 
tumors) and anti-androgen agents (molecular apocrine tumors). 
Finally, the stable expression levels along tumor natural history 
is a further argument in favor of Trop-2 targeting.
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