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ABSTRACT

Introduction: Trophoblast cell surface antigen 2 (TROP2)
is a transmembrane glycoprotein overexpressed in various
cancer types. Although TROP2-targeting therapy is
currently attracting attention, little is known about TROP2
expression in thymic carcinoma.

Methods: TROP2 gene expression in thymic epithelial tu-
mors was analyzed using RNA-sequencing (RNA-seq) data
for 122 cases obtained from The Cancer Genome Atlas.
Immunohistochemistry (IHC) staining with anti-TROP2
antibody (SP295) was performed in 26 cases of thymic
carcinoma tissues surgically resected at Juntendo
University.

Results: RNA-seq data analysis from The Cancer Genome
Atlas revealed that TACSTD2 (gene encoding TROP2)
expression was significantly higher in thymic carcinoma
than in thymoma (adjusted p ¼ 6.64e-05). There was also a
trend of increasing expression in the order of thymoma type
B1, B2, B3, and thymic carcinoma. As for IHC in thymic
carcinoma, TROP2 expression was localized to the mem-
brane of cancer cells. Intensity 0, 1, and 2 was observed in
six (23.1%), 11 (42.3%), and nine (34.6%) cases, respec-
tively, leading to TROP2 positivity in 20 cases (76.9%). The
median proportion of TROP2-positive tumor cells and the
median H-score were 25.0% (range: 0%–100%) and 25.0
(range: 0–200), respectively. No relevant factors were
identified in the analysis of TROP2 expression and patient
background. Although not significant, high TROP2 expres-
sion (H-score � 50) tended to be associated with shorter
survival.
Conclusions: TROP2 expression in thymic carcinoma was
confirmed by both RNA-seq and IHC, with high expression
observed in IHC for intensity (76.9%) and proportion.
TROP2 could be a potential target in thymic carcinoma.

� 2024 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
Thymic epithelial tumor is a rare disease, arising in

the anterior mediastinum and originating from thymic
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epithelium.1 Especially in thymic carcinoma, advanced or
recurrent cases have limited prognosis. Cytotoxic
chemotherapy, multitargeted tyrosine kinase inhibitors,
and immune checkpoint inhibitors have limited efficacy,
with an objective response rate of 20% to 40%.2

Therefore, targets for treating thymic carcinoma war-
rant exploration. Trophoblast cell surface antigen 2
(TROP2) is a 35-kDa type 1 transmembrane protein and
is overexpressed in several cancers.3,4 Recently, TROP2
has gained attention because antigen-drug conjugates
targeting TROP2 have been developing.5–9 Nevertheless,
TROP2 expression in thymic carcinomas remains un-
clear. In this study, we evaluated TROP2 expression and
its association with clinicopathologic findings in thymic
carcinoma.

Materials and Methods
The Cancer Genome Atlas Data Analysis

RNA-sequencing (RNA-seq) data and clinical infor-
mation on thymic carcinoma, thymoma, and normal
thymus were derived from The Cancer Genome Atlas
(TCGA) database (TCGA-THYM) up to August 2023. Dif-
ferential expression analysis of TROP2 was performed
with DESeq2. The enrollment conditions for the differ-
entially expressed gene were log2 fold change greater
than 1 and adjusted p values less than 0.05.

Immunohistochemistry
Paraffin-embedded tissue samples were obtained

from patients with thymic carcinoma who underwent
surgery at Juntendo University Hospital, Tokyo, Japan,
from May 1986 to November 2017. Pathologic diagnoses
of thymic carcinoma were based on the 2021 WHO
classification of thoracic tumors.10 TROP2 was stained
using anti-TROP2 rabbit monoclonal antibody (clone:
SP295, ab227691, Abcam, Cambridge, United Kingdom)
and Benchmark XT automated stainer (Roche, Basel,
Switzerland). After section baking and deparaffinization,
antigens were retrieved using a Tris-based buffer in a
microwave oven at 100�C for 56 minutes. Anti-TROP2
antibody was applied to the section and incubated for
60 minutes. Sections were counterstained with hema-
toxylin. Tissues from the tonsils were used as positive
and negative controls. For the evaluation of TROP2
expression, the intensity, proportion of positive cells, and
H-score in the tumor were used. The intensity of TROP2
expression was defined as 0 (absent), 1 (weak to mod-
erate), or 2 (strong), as previously reported.8 Intensity
was evaluated when the proportion of positive tumor
cells was 10% or greater. The H-score was defined as the
product of intensity and the proportion of positive cells.
Two pathologists (TH and SK), blinded to the clinical
data, independently reviewed all stained sections. When
discrepancies arose, the slides were reviewed using a
multiheaded microscope to reach a consensus. The use
of the patient samples and clinical data in this study was
approved by the institutional review board of Juntendo
University Hospital (20-082) and was conducted in
accordance with the Declaration of Helsinki and its later
amendments. The requirement for consent to participate
was waived owing to the retrospective nature.

Clinical Data
We retrospectively reviewed patients’ clinical infor-

mation from medical records, including sex, age at the
time of surgery, smoking history, histologic diagnoses,
Masaoka stage, resection status, recurrence status, date
of disease progression and death, and last contact if
death did not occur at the cutoff date (June 30, 2023).
Overall survival (OS) was defined as the period from the
date of surgery to death or last follow-up.

Statistical Analysis
Fisher’s exact test was used to evaluate categorical

values. Spearman’s rank correlation coefficient was
calculated to assess the association between variables.
The Kaplan-Meier method, log-rank test, and univariate
Cox regression analysis were used for survival analysis.
Statistical data were analyzed using R version 4.1.1 (R
Foundation for Statistical Computing, Vienna, Austria)
and jamovi version 2.3.1 (https://www.jamovi.org/).
Statistical significance was set at p values less than 0.05.

Results
TACSTD2 (TROP2) Gene Expression in the TCGA-
THYM Cohort

We collected RNA-seq and clinical information on
thymic epithelial tumors from TCGA-THYM, including
109 thymoma, 11 thymic carcinoma, and two normal
thymus samples. The expression of TACSTD2 (gene
encoding TROP2) in the TCGA-THYM cohort was signif-
icantly higher in thymic carcinoma than in thymoma
(adjusted p ¼ 6.064e-05; Fig. 1). Moreover, there was a
tendency for expression to increase in the order of thy-
moma type B1, B2, B3, and thymic carcinoma
(Supplementary Fig. 1). Survival analysis was not con-
ducted owing to few survival events. Because of the
higher gene expression of TROP2 in thymic carcinoma,
we subsequently focused our analysis on thymic
carcinoma.

TROP2 Expression on Immunohistochemistry
Owing to insufficient knowledge of the optimal eval-

uation method, we assessed the intensity, proportion of
positive tumor cells, and H-score of TROP2 in thymic
carcinoma. TROP2 expression was observed mainly in

https://www.jamovi.org/


Figure 1. TACSTD2 (TROP2) gene expression in thymic car-
cinoma, thymoma, and normal thymus in The Cancer Genome
Atlas data set. TPM, transcripts per million; TROP2, tropho-
blast cell surface antigen 2.
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the cell membrane of cancer cells. The proportions of
intensity 0, 1, and 2 were six (23.1%), 11 (42.3%), and
nine (34.6%), respectively (Fig. 2). When TROP2 posi-
tivity was defined as intensity 1 and 2, 20 patients
(76.9%) had positive results for TROP2, and six patients
(23.1%) had negative results (intensity 0). The propor-
tion of positive tumor cells was a median of 25.0%
(range: 0%–100%), and TROP2 expression in more than
10% of tumor cells was observed in 20 cases (76.9%).
There was a high correlation between intensity and tu-
mor cell proportion (p � 0.0001, Spearman’s rho ¼
0.8363) (Supplementary Fig. 2). The H-score had a me-
dian of 25.0 (range: 0–200). When using an H-score of
50 or higher as the cutoff, high TROP2 expression was
observed in eight cases (30.8%).
TROP2 Expression and Clinical Data
Next, we investigated the relationship between

TROP2 expression and patient background and survival
outcome. The patient background is presented in
Table 1, with 14 (53.8%) being male and the median age
63 years (range: 36–79). Fifteen (60.0%) had stage IV
disease. The median follow-up period for all censored
cases was 109.0 months (range: 0.2–227.3). We evalu-
ated the relationship among patient background and
intensity (cutoff 1/2 versus 0), the proportion of positive
tumor cells (�25% versus <25%), and H-score (�50
versus <50), but no significant factors were found
(Supplementary Table 1). Nevertheless, although not
statistically significant, there was a trend toward shorter
OS in the group with H-score of 50 or greater than in the
group with H-score lower than 50 (median OS, 88.0
versus 208.0 mo, p ¼ 0.333) (Supplementary Fig. 3).
Discussion
In this study, we analyzed RNA-seq data for 122

thymic epithelial tumors from TCGA and found higher
TROP2 gene expression in thymic carcinoma than in
thymoma. In immunohistochemistry (IHC) analysis of 26
thymic carcinomas, 76.9% had an intensity of 1 or
higher. There was a strong correlation between intensity
and proportion of positive tumor cells.

TROP2 has been reported to be involved in tumor
progression and metastasis.3,4 The association between
TROP2 and the prognosis of cancer has been evaluated in
multiple cancer types, and most reports indicate high
TROP2 expression correlates with poor prognosis.4 Our
study using TCGA data revealed that TROP2 gene
expression was higher in thymic carcinoma than in thy-
moma, and that gene expression tended to increase in the
order of B1 to B3 and thymic carcinoma. Although there
was no significant difference, OS tended to be shorter in
patients with higher H-scores, suggesting an involvement
of TROP2 in the progression of thymic carcinoma.

Little was known about TROP2 expression in the
thymus and thymic epithelial tumors until recently,
except for a report that TROP2 expression was not
observed in the normal thymus except in medullary
epithelial cells (Hassall’s corpuscles).11 In the present
study, IHC evaluation of 26 thymic carcinomas revealed
that TROP2 was expressed on tumor cells with an in-
tensity of 1 or higher in 76.9% of cases. In a recently
reported study of 30 thymic epithelial tumors, 13 thymic
carcinomas were evaluated, and all of them expressed
TROP2 intensity 1 or higher (1þ: three carcinomas
[23%], 2þ: seven carcinomas [54%], 3þ: three carci-
nomas [23%]).12 In that study, the percentage of patients
with intensity 1 or higher was higher than in our study,
possibly because the number of cases was limited. Our
study included 26 thymic carcinoma cases; we further
evaluated the proportion of positive tumor cells and H-
score and observed TROP2 expression of more than 10%
in tumor cells in 20 cases. Meanwhile, the appropriate
cutoffs for intensity and proportion, H-score, and the
best method of assessment remain unclear. In this study,



Figure 2. Immunohistochemical evaluation of TROP2 expression. (A) Representative images of each intensity of TROP2.
Intensity 0: absent; Intensity 1: weak to moderate; Intensity 2: strong. (B) Distributions of intensity, proportion, and H-score
of TROP2 expression. TROP2, trophoblast cell surface antigen 2.
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we evaluated both parameters and found no statistically
significant correlation, except that OS tended to be
shorter in patients with a higher H-score. Furthermore,
the significance of TROP2 expression as a biomarker of
the efficacy of antigen-drug conjugates is inconclusive.
One report suggested a possible correlation between
sacituzumab govitecan efficacy and TROP-2 H-score in
triple-negative breast cancer, whereas another reported no
Table 1. Baseline Characteristics

Characteristics
Overall
(N ¼ 26)

Age, y, n (%)
<70 20 (76.9)
�70 6 (23.1)

Sex, n (%)
Male 14 (53.8)
Female 12 (46.2)

Smoking status, n (%)
Current or former 13 (50.0)
Never or not known 13 (50.0)

Histologic diagnosis, n (%)
Squamous cell carcinoma 26 (100.0)

Masaoka stage, n (%)
I–III 14 (40.0)
IV 12 (60.0)
association with dapotomab deruxtecan efficacy in
NSCLC.9,13 Further studies are required to establish a
classification for staining.

Our study has some limitations, including being a
single-institution retrospective study with a small sam-
ple size that included older samples. Nevertheless,
thymic carcinoma is a rare disease, and even with large-
scale databases, the sample size remains small. There-
fore, despite its small sample size, the study may offer
important evidence. In addition, TROP2 expression was
observed even in the oldest samples, making them
valuable for evaluation.

In conclusion, TROP2 expression in thymic carcinoma
was confirmed by both RNA-seq and IHC, with high
expression observed in IHC for intensity and proportion.
TROP2 could be a potential target for thymic carcinoma.
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