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Abstract

BACKGROUND

Recent advancements in biliary tract cancer (BTC) treatment have expanded
beyond surgery to include adjuvant therapy, yet the prognosis remains poor.
Identifying prognostic biomarkers could enhance the assessment of patients who
have undergone radical resection for BTC.

AIM

To determine transmembrane serine protease 4 (TMPRSS4) utility as a prognostic
biomarker of radical resection for BTC.

METHODS

Medical records of patients who underwent radical resection for BTC, excluding
intrahepatic cholangiocarcinoma, were retrospectively reviewed. The associations
between TMPRSS54 expression and clinicopathological factors, overall survival,
and recurrence-free survival were analyzed.

RESULTS
Among the 85 patients undergoing radical resection for BTC, 46 (54%) were
TMPRSS4-positive. The TMPRSS4-positive group exhibited significantly higher
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preoperative carbohydrate antigen 19-9 (CA19-9) values and greater lymphatic invasion than the TMPRSS4-
negative group (P = 0.019 and 0.039, respectively). Postoperative overall survival and recurrence-free survival were
significantly worse in the TMPRSS4-positive group (median survival time: 25.3 months vs not reached, P < 0.001;
median survival time: 28.7 months vs not reached, P = 0.043, respectively). Multivariate overall survival analysis
indicated TMPRSS4 positivity, pT3/T4, and resection status R1 were independently associated with poor prognosis
(P =0.032, 0.035 and 0.030, respectively). TMPRSS4 positivity correlated with preoperative CA19-9 values > 37
U/mL and pathological tumor size = 30 mm (P = 0.016 and 0.038, respectively).

CONCLUSION
TMPRSS4 is a potential prognostic biomarker of radical resection for BTC.

Key Words: Biliary tract cancer; Biomarker; Prognosis; Radical resection; Transmembrane serine protease 4

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Transmembrane serine protease 4 (TMPRSS4) expression correlates with poor prognosis in patients with biliary
tract cancer post-radical resection, indicating its potential as a prognostic biomarker. TMPRSS4 positivity is linked to higher
preoperative carbohydrate antigen 19-9 levels, lymphatic invasion, and larger tumor size. This study underscores the
importance of TMPRSS4 in enhancing prognostic assessment and guiding treatment strategies for patients with biliary tract
cancer undergoing radical resection.
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INTRODUCTION

Surgical resection has been the only curative treatment option for biliary tract cancer (BTC). However, in recent years,
multidisciplinary treatment, including adjuvant therapy, has become part of the standard treatment for BTC[1-3].
Nonetheless, even with curative resection followed by adjuvant chemotherapy, the three-year overall survival (OS) rate is
limited to 77.1%[4]; therefore, the prognosis of BTC remains poor. A positive surgical margin, lymph node metastasis,
perineural invasion, histological differentiation, invasion to major vessels, and pancreatic infiltration have been identified
as prognostic factors after radical resection of BTC[5-10]. It is essential to identify candidate biomarkers for the prognosis
of BTC.

Serine proteases facilitate the degradation of the basement membrane and extracellular matrix, promoting tumor cell
invasion into the surrounding tissue. Serine proteases also play a role in the proliferation, migration, invasion, and
angiogenesis of cancer cells[11]. A novel subfamily of serine proteases called type II transmembrane serine proteases
(TTSPs) has been identified, which contain a large extracellular domain that mediates catalytic activity and a short
cytoplasmic domain that can interact with cytoskeletal and cellular signaling molecules[12]. Several TTSPs are overex-
pressed in a variety of tumors and are potential novel markers of tumor development and progression. Transmembrane
protease serine 4 (TMPRSS4), a member of the TTSP family, is reportedly upregulated in pancreatic, colorectal, gastric,
lung, thyroid, prostate, and several other cancers. Elevated expression of TMPRSS4 often correlates with poor prognosis
[13]. However, few studies have reported the effects of TMPRSS4 on the prognosis of patients who have undergone
radical resection for BTC[14]. Therefore, we aimed to determine the potential of TMPRSS4 as a prognostic biomarker of
radical resection for BTC.

MATERIALS AND METHODS
Study design

We retrospectively reviewed the medical records of patients who underwent radical resection for BTC (perihilar cholan-
giocarcinoma, distal cholangiocarcinoma, gallbladder cancer, and ampulla of Vater cancer) at the Department of Surgery,
National Hospital Organization Kure Medical Center, in Hiroshima, Japan, between March 2012 and July 2023. The
present study was approved by the Institutional Review Board of the National Hospital Organization Kure Medical
Center (2023-45) and conducted in accordance with the principles of the Declaration of Helsinki. In addition, all patients
provided written informed consent.
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Data collection

We collected the demographic and clinicopathological data of patients, including age, sex, preoperative carbohydrate
antigen 19-9 (CA19-9) level, diseases according to general rules for clinical and pathological studies on cancer of the
biliary tract 7* edition[15], operating time, operative blood loss, histology, pathological tumor stage according to tumor
node metastasis classification of malignant tumors 8" edition[16], pathological tumor size, lymphatic invasion, venous
invasion, neural invasion, tumor infiltrative type, lymph node metastasis, resection status, and adjuvant chemotherapy.

Adjuvant therapy and surveillance

Adjuvant chemotherapy was recommended to patients (excluding those with pathological TINOMO) and was
administered to those who were tolerant and who consented after radical resection. Regular surveillance was performed
by blood testing, which included the detection of tumor markers and multidetector computed tomography at intervals of
3-6 months. When two or more modalities, such as magnetic resonance imaging or positron emission tomography-
computed tomography, indicated the presence of recurrence or a recurrent lesion at two different time points, recurrence
was confirmed and recorded. The survival time after surgery and the cause of death were recorded for patients who died,
whereas the OS time and recurrence status were recorded for those who survived.

Immunohistochemical assessment

Immunohistochemical assessment was performed as described previously[11]. The slides were incubated with rabbit anti-
TMPRSS4 antibody (1:200) (abl188816; Abcam, Cambridge, United Kingdom). TMPRSS4 expression was assessed as
either positive or negative across all slides. The scoring criteria for the percentage of positively stained tumor cells were as
follows: TMPRSS4-positive, 2 50% positive cells; TMPRSS4-negative, < 50% positive cells. A surgical pathologist applied
this classification system and reviewed the immunoreactivity of each specimen.

Statistical analysis

Data are expressed as medians with ranges or absolute values with percentages. Categorical variables were analyzed
using the ¥? or Fisher’s exact test, while continuous variables were compared using the Wilcoxon two-sample test in the
univariate analysis. Survival curves were generated using the Kaplan-Meier method, with distribution comparisons
conducted using the log-rank test. The proportional hazard regression model (Cox regression) was used to perform
multivariate OS analyses based on a P value < 0.1 in univariate analysis. Hazard ratios (HRs) and 95% confidence
intervals (Cls) were calculated. Cut-off values were defined using receiver operating characteristic curve analysis for
three-year OS after surgery. Logistic regression analysis was used to perform multivariate analyses of factors associated
with TMPRSS4 positivity. All tests were two-sided, with statistical significance set at P < 0.05. All statistical analyses were
performed using JMP statistical software (version 16.0; SAS Institute, Cary, NC, United States).

RESULTS

Patients
In total, 85 patients underwent radical resection for BTC. TMPRSS4-positive staining was mainly observed in the
cytoplasm of BTC cells, as evidenced by immunohistochemical analysis (Figure 1).

The clinicopathological characteristics of patients are shown in Table 1. The TMPRSS4 expression rate was 54% (46/85)
in all patients with BTC. Neoadjuvant chemotherapy was administered to three (3%) patients. Considering clinicopatho-
logical factors, the TMPRSS4-positive group had a significantly higher preoperative CA19-9 value and greater lymphatic
invasion than the TMPRSS4-negative group (P = 0.019 and 0.039, respectively), exhibiting no other significant differences.
Of the 85 patients, 14 had perihilar cholangiocarcinoma, 23 had distal cholangiocarcinoma, 37 had gallbladder cancer, and
11 had ampulla of Vater cancer. Of these, 40 (47%) patients had lymph node metastasis, and adjuvant chemotherapy was
administered to 49 (58 %) patients.

Survival analysis
The median follow-up duration was 25.6 (range, 1.9-123.8) months. The TMPRSS4-positive group had a significantly
worse OS than the TMPRSS4-negative group [median survival time (MST): 25.3 months vs not reached, P < 0.001;
Figure 2A]. Postoperative one-, three-, and five-year survival rates in the TMPRSS4-positive and-negative groups were
86% vs 88%, 40% vs 68%, and 12% vs 60%, respectively. Postoperative recurrence-free survival (RFS) differed significantly
between the two groups (MST: 28.7 months vs not reached, P = 0.043; Figure 2B). Postoperative one-, three-, and five-year
RFS rates in the TMPRSS4-positive and -negative groups were 67% vs 75%, 37% vs 63%, and 25% vs 59%, respectively.
Based on post-surgical OS for each disease classified by TMPRSS4 expression, patients with gallbladder cancer in the
TMPRSS4-positive group exhibited a significantly worse OS than those in the TMPRSS4-negative group (MST: 24.4
months vs 75.3 months; P = 0.014). Considering other patients with cancer, the TMPRSS4-positive group tended to exhibit
poor OS without significant differences (perihilar cholangiocarcinoma, MST: 21.9 months vs not reached, P = 0.208, distal
cholangiocarcinoma, MST: 58.7 months vs not reached, P = 0.075, ampulla of Vater cancer, MST: 14.9 months vs 24.1
months, P = 0.668; Figure 3).

Univariate and multivariate OS analyses of poor prognostic factors are described in Table 2. The univariate OS analysis
of poor prognostic factors revealed a significant association with OS for TMPRSS4 positivity (P < 0.001), pT3/T4 (P =
0.002), pathological tumor size = 30 mm (P = 0.017), lymphatic and venous invasions (all P < 0.001), lymph node
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Table 1 Patients’ characteristics (n = 85)

TMPRSS4 expression
P value

Positivity (n = 46) Negativity (n = 39)
Age, median (range), years 75 (47-86) 75 (57-87) 0.612
Sex, male, 1 (%) 23 (50) 22 (56) 0.555
Neoadjuvant chemotherapy, 1 (%) 2(4) 1(2) 0.653
Preoperative CA19-9 level, median (range), U/mL 37 (0-27146) 13 (0-1246) 0.019
Diseases, 1 (%)
Perihilar cholangiocarcinoma 8 (17) 6 (15) 0.176
Distal cholangiocarcinoma 10 (22) 13 (34)
Gallbladder cancer 19 (41) 18 (46)
Ampulla of vater cancer 9 (20) 2 (5)
Operating time, median (range), min 465 (82-962) 425 (239-1052) 0.853
Operative blood loss, median (range), mL 310 (5-3950) 410 (5-1600) 0.609
Histology, tub1/tub2, n (%) 37 (80) 31 (79) 0.913
Tumor stage, pT3/T4, n (%) 14 (30) 10 (26) 0.624
Pathological tumor size, median (range), mm 35 (0-110) 25 (1-88) 0.081
Lymphatic invasion (ly), 1 (%) 16 (35) 6 (15) 0.039
Venous invasion (v), 1 (%) 20 (43) 14 (36) 0477
Neural invasion (ne), 1 (%) 22 (48) 17 (44) 0.696
Tumor infiltrative type ¢ (IFN c), n (%) 8 (17) 5(13) 0.558
Lymph node metastasis, 1 (%) 24 (52) 16 (41) 0.304
Resection status, RO, 1 (%) 36 (78) 31 (80) 0.890
Adjuvant chemotherapy, 1 (%) 27 (59) 22 (56) 0.832

CA19-9: Carbohydrate antigen 19-9; tubl: Well-differentiated tubular adenocarcinoma; tub2: Moderately differentiated tubular adenocarcinoma.

metastasis (P = 0.004), and resection status R1 (P = 0.022). Furthermore, multivariate analysis identified TMPRSS4
positivity (HR: 2.33; 95%CI: 1.08-5.08; P = 0.032), pT3/T4 (HR: 2.26; 95%ClI: 1.06-4.81; P = 0.035), and resection status R1
(HR: 2.21; 95%CI: 1.08-4.52; P = 0.030), as independent poor prognostic factors. Multivariate analysis showed that
TMPRSS4 positivity was significantly associated with a preoperative CA 19-9 value of > 37 U/mL [odds ratio (OR): 4.02;
95%ClI: 1.30-12.47; P = 0.016] and pathological tumor size of 2 30 mm (OR: 2.78; 95%CI: 1.05-7.30; P = 0.038; Table 3).

DISCUSSION

BTC remains a highly fatal disease with a poor prognosis. Thus, finding novel and effective biomarkers associated with
advanced tumor progression is crucial for early diagnosis and discovery of a promising therapeutic target for BTC. The
findings of the current study indicate that the five-year OS rates of patients with BTC who exhibit TMPRSS4-negativity
were significantly higher than their TMPRSS4-positive counterparts. Our multivariate analysis identified TMPRSS4 as an
independent poor prognostic factor for patients with BTC who underwent radical surgery, indicating its potential as a
useful prognostic biomarker for BTC.

TMPRSS4 is highly expressed on the cell surface of the esophagus, stomach, small intestine, colon, bladder, and kidney,
although the physiological roles of TMPRSS4 remain unclear[13]. TMPRSS4 induces epithelial-mesenchymal transition
and promotes invasion, migration, and metastasis of human tumor cells[17]. Katopodis et al[18] reported substantial
upregulation of TMPRSS4 in 11 types of cancer, including lung adenocarcinoma, lung squamous cell carcinoma, cervical
squamous cell carcinoma, thyroid carcinoma, ovarian cancer, cancer of the rectum, pancreatic cancer, colon and stomach
adenocarcinoma, uterine carcinosarcoma, and uterine corpus endometrial carcinoma, compared with normal control
tissues; conversely, TMPRSS4 expression was downregulated in six types of cancer, including kidney carcinomas, acute
myeloid leukemia, skin cutaneous melanoma, and testicular germ cell tumor. Elevated TMPRSS4 expression correlates
with poor prognosis in patients with various cancers, including gastric cancer[19,20], colorectal cancer[21-23], hepato-
cellular carcinoma(24], and pancreatic ductal adenocarcinoma[25], suggesting its implication in the progression of
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Table 2 Univariate and multivariate overall survival analyses of poor prognostic factors (n = 85)

Univariate Multivariate
Factors ::;3' patients, (n = 85) MST (months) P value HR 95%Cl P value
Age, years
<80 62 (73) 37.8 0.718
>80 23 (27) 58.7
Sex
Male 45 (53) 37.2 0.378
Female 40 (47) 46.5
Neoadjuvant chemotherapy
Yes 3 (4) 36.0 0.956
No 82 (96) 46.5
Preoperative CA 19-9 level,
U/mL
<37 55 (65) 46.5 0.504
=37 30 (35) 43.4
TMPRSS4
Positivity 46 (54) 25.3 <0.001 233 1.08-5.08 0.032
Negativity 39 (46) 1.0
Histology, tub1/tub2
Yes 68 (80) 46.5 0.752
No 17 (20) 36.0
Tumor stage, pT3/T4
Yes 24 (28) 22.0 0.002 2.26 1.06-4.81 0.035
No 61 (72) 59.4 1.0
Pathological tumor size, mm
<30 43 (51) 0.017 1.0
230 42 (49) 33.7 1.32 0.65-2.65 0.439
Lymphatic invasion (ly)
Yes 22 (26) 16.3 <0.001 1.33 0.62-2.84 0.461
No 63 (74) 75.3 1.0
Venous invasion (v)
Yes 34 (40) 220 <0.001 1.93 0.91-4.07 0.086
No 51 (60) 59.4 1.0
Neural invasion (ne)
Yes 39 (46) 333 0.058 0.60 0.26-1.40 0.237
No 46 (54) 58.7 1.0
Tumor infiltrative type ¢ (IFN c)
Yes 13 (15) 33.7 0.081 1.18 0.58-2.42 0.648
No 72 (85) 58.7 1.0
Lymph node metastasis
Yes 40 (47) 25.6 0.004 1.44 0.60-3.46 0.412
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No 45 (53) 783 1.0

Resection status,

RO 67 (79) 46.6 0.022 1.0

R1 18 (21) 24.5 221 1.08-4.52 0.030
Adjuvant chemotherapy

Yes 49 (58) 36.0 0.229

No 36 (42) 75.3

CA19-9: Carbohydrate antigen 19-9; CI: Confidence interval; HR: Hazard ratio; MST: Median survival time; tubl: Well-differentiated tubular
adenocarcinoma; tub2: moderately differentiated tubular adenocarcinoma; TMPRSS4: Transmembrane serine protease 4.

Table 3 Multivariate analyses of factors associated with transmembrane serine protease 4 positivity

Factors Odds ratio (95%Cl) P value
Preoperative CA19-9 237 U/mL 4.02 (1.30-12.47) 0.016
Pathological tumor size > 30 mm 2.78 (1.05-7.30) 0.038
Lymphatic invasion (ly) 2.67 (0.84-8.53) 0.097
Neural invasion (ne) 0.45 (0.15-1.35) 0.153

CA19-9: Carbohydrate antigen 19-9; CI: Confidence interval; TMPRSS4: Transmembrane serine protease 4.

Figure 1 Immunohistochemical staining of transmembrane serine protease 4 in biliary tract cancer. A: Transmembrane serine protease 4
(TMPRSS4)-positive biliary tract cancer (BTC) tissues; B: TMPRSS4-positive BTC tissues; C: TMPRSS4-negative BTC tissues; D: TMPRSS4-negative BTC tissues.
Original magnification: 40 x (A and C); 400 x (B and D).
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Figure 2 Kaplan-Meier curves for all patients with biliary tract cancer classified based on the expression of transmembrane serine
protease 4. A: Overall survival after surgery for all patients with biliary tract cancer (BTC), classified according to the expression of transmembrane serine protease
4 (TMPRSS4); B: Recurrence-free survival after surgery for all patients with BTC, classified according to the expression of TMPRSS4. TMPRSS4: Transmembrane
serine protease 4.
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Figure 3 Overall survival after surgery for each disease, classified according to transmembrane serine protease 4 expression. A: Perihilar
cholangiocarcinoma; B: Distal cholangiocarcinoma; C: Gallbladder cancer; D: Ampulla of vater cancer. TMPRSS4: Transmembrane serine protease 4.

noninvasive tumors to invasive malignancies. Additionally, Wu ef al[14] highlighted that high TMPRSS4 expression levels
are potentially associated with markedly poor prognosis in patients with gallbladder cancer. However, studies exploring
the effects of TMPRSS4 on the prognosis of patients who underwent radical resection for BTC are limited. Herein, we
found that TMPRSS4-positive patients with BTC, including perihilar cholangiocarcinoma, distal cholangiocarcinoma,
gallbladder cancer, and ampulla of Vater cancer, who underwent radical surgery had a poor prognosis. In our study, the
median OS time (25.3 months) for the TMPRSS4-positive group was shorter than the median RFS time (28.7 months). This
difference can be attributed to mortality from unrelated causes of the seven patients in the TMPRSS4-positive group who
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did not experience recurrence. In patients with perihilar cholangiocarcinoma, distal cholangiocarcinoma, and ampulla of
Vater cancer, the TMPRSS4-positive group showed a tendency for poor prognosis, although the difference was not statis-
tically significant.

Patients with non-small cell lung cancer that lacked TMPRSS4 expression were found to be substantially more sensitive
to cisplatin than the controls[26]. In gastric cancer, downregulated TMPRSS4 expression reportedly increases suscepti-
bility to 5-fluorouracil[11]. This suggests that TMPRSS4-negative expression might enhance sensitivity to chemotherapy,
leading to reduced recurrence in patients exhibiting TMPRSS4-negativity. Collectively, these findings highlight TMPRSS4
as a potential novel target and that the inhibiting TMPRSS4 expression increases chemosensitivity.

We excluded patients who underwent radical resection for intrahepatic cholangiocarcinoma (ICC). We enrolled
patients with BTC according to the guidelines outlined in the 7* edition of the general rules for clinical and pathological
studies on cancer of the biliary tract[15]. Moreover, the prevalence of ICC tends to be high in east and southeast asia[27].
Patients with HBV-associated ICC reportedly display substantially different clinicopathological characteristics and
survival outcomes[28-30]. ICC has the greatest variety of mutations, which contributes to its high resistance to pharmaco-
therapy[31,32]. The marked heterogeneity of ICC may lead to insensitivity to TMPRSS4 expression.

In the current study, TMPRSS4 positivity was significantly associated with preoperative CA 19-9 levels > 37 U/mL.
Kondo et al[33] reported that preoperative CA 19-9 levels can predict the survival of patients with resectable cholan-
giocarcinoma. Accordingly, TMPRSS4 positivity could indicate a malignancy contributing to poor prognosis. TMPRSS4
positivity was also significantly associated with pathological tumor size 2 30 mm. Similar results have been reported
previously. For example, Gu ef al[25] identified TMPRSS4 as an independent prognostic factor in patients with pancreatic
ductal adenocarcinoma, with TMPRSS4 levels closely associated with age, tumor size, and differentiation status. Wang et
al[24] reported that TMPRSS4 levels in patients with hepatocellular carcinoma are closely correlated with tumor size and
vascular invasion. In patients with colorectal cancer, TMPRSS4 levels reportedly correlate with tumor size, depth of
tumor invasion, and lymph node metastasis[23].

Nevertheless, this study had some limitations. This study involved a single institution with a relatively small number
of patients who underwent radical resection for BTC. Hence, further studies utilizing multicenter data or a nationwide
database with a larger number of patients are warranted.

CONCLUSION

High TMPRSS4 expression is associated with a poor prognosis of radical resection for BTC. TMPRSS4 is a potential
prognostic biomarker of radical resection for BTC.
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