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Abstract: Cathepsin A (CTSA) is overexpressed in various types of cancer and is linked to poor clinical outcomes.
However, the clinical application of CTSA in HCC has not been explored. In this study, we examined the protein
level of CTSA in the archived HCC samples from 161 patients by Immunohistochemistry (IHC). The high protein
level of CTSA was significantly correlated to the poor clinicopathological parameters, such as TNM stage, serum
AFP level, tumor differentiation, liver cirrhosis, Child-Pugh class, vascular invasion, tumor encapsulation, tumor
recurrence, and patient death. In addition, multivariate Cox regression analysis indicated that high CTSA expression was an independent prognostic factor of OS and RFS. We also analyzed the area under the curve (AUC) of
the time-dependent receiver operating characteristic (ROC) of CTSA expression for 1-, 3-, and 5-year OS and RFS
prediction. Furthermore, we constructed a nomogram that exhibited excellent prediction performance, which was
validated by the calibration curve and decision curve analysis. Together, our study demonstrated that CTSA protein
level is strongly associated with poor clinical outcome of HCC patients and may be used as a potential diagnostic
and prognostic biomarker in HCC.
Keywords: Hepatocellular carcinoma, cathepsin A, overall survival, recurrence-free survival, nomogram, decision
curve analysis

Introduction
Hepatocellular carcinoma (HCC) accounts for
more than 85% of primary liver cancer cases,
representing a significant challenge to the
economy and health worldwide, especially in
East Asia and other low-income countries [1-3].
The 5-year overall survival rate of HCC patients
for all stages was only 20% according to the
data published by the American Cancer Society
in 2021 [4]. With the advancement of imaging
technology in screening and diagnosis, an
increasing number of HCC can be diagnosed
and radically resected by surgery in the early
stage; however, the recurrence rate within 5
years was more than 70% [5, 6]. The high recurrence and metastasis rate attributes to the
poor prognosis of HCC patients [7, 8]. Therefore,
identifying recurrence- and prognosis-related

molecular markers is critical for selecting
patients with recurrence risk, guiding early
treatment, and improving the prognosis of HCC
patients [9].
Cathepsins, a group of lysosome-encapsulated
cellular proteases, are responsible for the maintenance of cellular homeostasis via degrading
many intracellular and extracellular substrates
[10]. Abnormal cathepsin activity is often found
under many disease conditions, such as chronic obstructive pulmonary disease [11], osteoporosis and arthritis [12], cardiovascular disease
[13, 14], obesity [15], and neurodegenerative
diseases [16]. Notably, many studies have indicated the role of the aberrant expression of
cathepsin in driving tumor growth and metastasis [17, 18]. In particular, Cathepsin A (CTSA), a
member of the lysosomal serine protease fam-
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ily regulating bioactive peptide functions [19],
has been shown to promote cancer development by modulating the p38 MAPK signaling
pathway in prostate cancer [20]. In addition,
CTSA has been found to be highly correlated
with the invasion and metastasis of lung adenocarcinoma [21], laryngeal carcinoma [22],
and melanocytic tumors [23]. Our previous bioinformatics study has indicated that CTSA functions as a cancer-promoting gene in HCC, and
that its high mRNA expression is associated
with poor prognosis [24]. However, the clinical
application of CTSA has not been explored.
In the present study, we aimed to determine if
the protein level of CTSA could be used as a
diagnostic and prognostic marker in patients
with HCC. We first investigated the correlation
between the CTSA protein expression and the
relevant clinicopathological parameters in 161
HCC cases. Then, we investigated the predictive power of CTSA protein expression for prognosis and tumor recurrence using multivariate
Cox regression analysis and time-dependent
ROC analysis. We further constructed two
nomograms based on the immunohistochemical semi-quantitative score of CTSA protein
expression and other independent clinical predictors to quantitatively predict 1-, 3-, and
5-year overall survival (OS) and recurrence-free
survival (RFS) of HCC patients undergone curative hepatectomy.
Materials and methods
Patient samples
We included 161 HCC specimens collected
from HCC patients undergone hepatectomy
from January 2012 to May 2014 at the 900
Hospital of the Joint Logistics Team in our
study. The specimens were stored as paraffinembedded blocks. The inclusion criteria of
patients were: 1) over the age of 18; 2) had
only one tumor lesion and no metastasis; 3)
Child-Pugh class A or B; 4) undergone open
liver resection; 5) did not receive radiotherapy
or chemotherapy before hepatectomy; 6) did
not receive target therapy and immunotherapy after hepatectomy; 7) only received a single curative resection; 8) the postoperative histopathological features verified as HCC. The
exclusion criteria of patients were: 1) younger
than 18 years of age; 2) had more than two
tumor lesions or any metastasis; 3) received
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other types of cancer treatment before surgery;
4) died from non-tumor causes within 1 week
after hepatectomy; 5) received repeated surgeries; 6) received laparoscopic hepatectomy
or other minimally invasive therapeutics; 7)
received relevant extra-hepatic resection.
Clinicopathological parameters and follow-up
We collected the complete clinicopathological
data of each HCC patient. The basic clinical
features included age at the time of surgery,
gender, height, weight, serum α-fetoprotein
(AFP) level, HBsAg status, survival status, cancer therapy history, history of alcohol consumption and smoking, and Child-Pugh class. The
following information was collected at the time
of the procedure and histopathological examination: tumor number, tumor lesion size, the
subsegment where the lesion was located,
Tumor Node Metastasis (TNM) stage, histopathological differentiation, presence or absence of hepatic vascular invasion, capsule of
the tumor, hepatic cirrhosis, Edmonson grade,
and adjacent hepatic inflammation of tumor.
All the clinicopathological data were acquired
from the electronic medical record (EMR) system of the hospital. The pathological diagnosis
was evaluated by two independent pathologists. Survival information was obtained from
clinic follow-up visit, follow-up by telephone,
and the Social Security Death Index. We conducted the last follow-up on May 31, 2018.
This study was conducted according to the relevant medical ethics regulations and approved
by the Human Research Ethics Committee of
the 900 Hospital of the Joint Logistics Team
(Fuzhou, China). All participants provided written informed consent prior to surgery and collection of the specimens.
Immunohistochemistry (IHC) assay
The 161 formalin-fixed, paraffin-embedded
HCC samples were cut into 4-μm sections followed by standard IHC staining. Briefly, the paraffin sections were deparaffinized and rehydrated, and the antigen retrieval was performed in Tris/Ethylenediaminetetraacetic acid
(EDTA) (pH 9.0) by boiling for 20 min. The endogenous peroxidases were inhibited by 3%
H2O2 for 10 min. The sections were incubated
with 10% normal goat serum for 30 min to
block nonspecific staining and then incubated
with rabbit monoclonal antibody against CTSA
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(15,020-1-AP; 1:250; Proteintech, Wuhan,
Hubei, China) for 60 min at room temperature.
To visualize the staining signal, the sections
were incubated with the secondary antibody for
30 min at room temperature and stained with
3, 3’-diaminobenzidine and a substrate-chromogen and hematoxylin. As a negative control,
the CTSA antibody was replaced with the same
volume of PBS solution.

parameters was compared using Pearson’s
chi-square test. The Kaplan-Meier method with
log-rank test was used for the comparison of
patient survival. The Cox regression analysis
was used to investigate the prognostic factors
of OS and RFS. P<0.05 was considered statistically significant.

IHC staining assessment and scoring

IHC score of the patients

The staining results were independently evaluated by two experienced pathologists without
any knowledge of the patient background. CTSA
protein expression level was determined by a
semi-quantitative IHC scoring system based on
the total combined scores of the percentage
and the intensity of cells staining positive. The
percentage of positive cells was scored as 0
(no or <10% positive cells), 1 (11-50% positive
cells), and 2 (> 50% cells staining positive). The
staining intensity was scored as 0 (no staining
or weakly staining), 1 (medium staining), and 2
(strong staining). We calculated the total score
of each tissue sample and divided these 161
HCC patients into low-CTSA group (total IHC
score of 0, 1, and 2) and high-CTSA group (total
IHC score of 3 and 4).

The IHC staining demonstrated that CTSA was
predominantly located in the cytoplasm or
cytomembrane, which was consistent with previous studies and the data of the Human
Protein Atlas database [25, 26]. The expression of CTSA protein in HCC tissues was significantly higher than that in normal liver tissues.
Figure 1 showed the representative IHC staining images of CTSA protein in adjacent normal
liver tissue (Figure 1A) and in HCC samples
with different IHC scores (0 to 4) (Figure 1B-F).
At the end of the follow-up, among the 161
patients studied, 97 (60.2%) died, and 83
(51.6) had recurrent. The number of patients
with IHC staining score of 0, 1, 2, 3, and 4 was
8, 37, 40, 54, and 22, respectively. We found
the percentage of death and recurrence incrementally increased with the increasing IHC
staining score (Figure 1G, 1H).

Establishment and validation of the predictive
nomogram
The multivariate Cox regression analysis was
used to investigate the independent prognostic
factors of OS and RFS. Then, all independent
risk factors were integrated to establish the
nomogram to quantitatively predict 1-, 3-, and
5-year OS and RFS in HCC patients undergone
curative hepatectomy. In addition, we plotted
the calibration curves of different survival times
to discriminate the probabilities predicted by
the nomogram and the patients’ data. Furthermore, the decision curve analysis (DCA)
was employed to assess the predictive performance of the nomogram and the net benefit in
HCC patients.
Statistical analysis
The software SPSS 21 (SPSS Inc., Chicago, IL,
USA) was employed to perform statistical
analysis. The nomogram, calibration curves,
and DCA were plotted utilizing the R software
(version 4.10) with the “car”, “rms”, and
“ggDCA” R package. The association between
CTSA expression level and clinicopathological
3845

Results

Association between the CTSA expression level
and the clinicopathological parameters
Based on the semi-quantitative IHC scoring
system, 85 of 161 patients exhibited low CTSA
expression (IHC score of ≤2), and 76 patients
exhibited high expression (IHC score of 3 and
4). High CTSA expression was positively related to the worse TNM stage (P=0.002), high
serum AFP level (P<0.001), low tumor differentiation (P=0.010), hepatic cirrhosis (P<0.001),
Child-Pugh class B (P=0.024), more vascular
invasion (P=0.006), absence of tumor encapsulation (P=0.030), high recurrence rate (P<
0.001), and high recurrence rate (P=0.002).
However, high CTSA expression was not related
to age, gender, tumor size, tumor location,
HBsAg status, Edmonson grade, and adjacent
hepatic inflammation of tumors (Table 1).
The prognostic significance of CTSA protein
expression in the HCC cohort
As shown in the Kaplan-Meier curves, patients
with high CTSA IHC score had poor OS (P=
Am J Cancer Res 2022;12(8):3843-3856
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Figure 1. (A) The representative IHC staining images of CTSA protein in adjacent normal liver tissue. (B-F) IHC staining of CTSA in HCC samples with different staining scores (0-4). Representative images of CTSA IHC staining for
score of 0 (B), 1 (C), 2 (D), 3 (E), and 4 (F), respectively. Magnification ×200. (G) The percentage of alive and died
patients in different CTSA IHC staining score groups. (H) The percentage of recurrence in patients with different
CTSA IHC staining score.

0.004) and RFS (P<0.001) than patients with
low CTSA IHC score (Figure 2A, 2B). In addition, patients with the IHC score of 4 were predicted to have worse OS than patients of score
3 (P=0.042); however, there was no significant
difference in RFS between these two subgroups (Figure 2C, 2D).
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Our results from univariate Cox regression
analysis indicated that the following features
were prognostic factors for OS and/or RFS in
the HCC cohort: tumor size (OS: P=0.010, RFS:
P=0.012), TNM stage (OS: P=0.002, RFS:
P=0.029), serum AFP level (OS: P=0.006, RFS:
P=0.039), tumor differentiation (OS: P=0.001,
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Table 1. Correlation between CTSA protein expression and clinicopathologic features in 161 patients
with hepatocellular carcinoma
Characteristics
Age (year)
Gender
Tumor size (cm)
TNM stage
Serum AFP level
Tumor location
Tumor differentiation

HBsAg
Liver cirrhosis
Edmonson grade
Child-Pugh class
Vascular invasion
Adjacent hepatic inflammation
Tumor encapsulation
Recurrence
Survival status

N
>55
≤55
Male
Female
>5 cm
≤5 cm
I/II
III
>400 ng/ml
≤400 ng/ml
Left
Right
Low
Median
High
Positive
Negative
Yes
No
I
II-IV
A
B
Yes
No
Yes
No
Yes
No
Yes
No
Alive
Dead

105
56
141
20
86
75
101
60
69
92
53
108
20
106
35
74
87
88
73
28
133
85
76
77
84
111
50
107
54
83
78
64
97

CTSA level
high (n)
low (n)
52
53
24
32
65
76
11
9
44
42
32
43
38
63
38
22
46
23
30
62
30
23
46
62
14
6
54
52
8
27
35
39
41
46
58
30
18
55
12
16
64
69
33
52
43
33
45
32
31
53
58
53
18
32
44
63
32
22
51
32
25
53
40
24
36
61

χ2

*P-Value

0.651

0.420

0.557

0.456

1.004

0.316

9.983

0.002

18.351

<0.001

2.801

0.094

9.233

0.010

0.001

0.983

27.245

<0.001

0.257

0.612

5.076

0.024

7.477

0.006

3.654

0.056

4.737

0.030

13.941

<0.001

9.971

0.002

Abbreviations: CTSA, Cathepsin A; AFP, Alpha fetoprotein; TNM, tumor, node, metastasis. *P-Value <0.05 were considered
statistically significant.

RFS: P<0.001), liver cirrhosis (OS: P=0.039,
RFS: P=0.002), Child-Pugh class (OS: P<0.001,
RFS: P=0.011), vascular invasion (OS: P<
0.001, RFS: P=0.001), and CTSA protein level
(OS: P=0.002, RFS: P<0.001), whereas age,
gender, tumor location, HBsAg status, Edmonson grade, adjacent hepatic inflammation
of tumor, and tumor encapsulation was not
prognostic factors. In addition, the absence of
tumor encapsulation was a prognostic factor
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for RFS (P<0.001) but not for OS (P=0.250)
(Table 2). The multivariate Cox regression analysis revealed that tumor differentiation (OS:
aHR (95% CI) 3.901 (1.176-12.943), P=0.026;
RFS: aHR (95% CI) 2.537 (1.109-5.803), P=
0.027), vascular invasion (OS: aHR (95% CI)
2.033 (1.125-3.676), P=0.019; RFS: aHR (95%
CI) 2.398 (1.458-3.945), P=0.001), and CTSA
protein level (OS: aHR (95% CI) 4.326 (2.4167.745), P<0.001; RFS: aHR (95% CI) 1.876
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Figure 2. Prognostic value of CTSA protein expression level in patients with HCC. (A, B) Kaplan-Meier curves of OS
(A) and RFS (B) for patients with different CTSA expression levels. (C, D) Kaplan-Meier curves of OS (C) and RFS
(D) for patients with the IHC score of 3 and 4. (E, F) The death (E) and recurrence (F) prediction ability of the CTSA
protein expression level was compared with other clinical parameters by ROC curves in the HCC cohort. (G, H) The
time-dependent ROC curves of the nomogram for predicting the OS (G) and RFS (H) at 1-, 3-, and 5-year.

Table 2. Univariate Cox Regression analysis of overall survival and recurrence-free survival in 161
patients with hepatocellular carcinoma
Overall survival
HR (95% CI)

variables

P-Value

*

Recurrence-free survival *
P-Value
HR (95% CI)

Age (year)

>55 vs. ≤55

0.889 (0.536-1.476)

0.650

0.704 (0.453-1.095)

0.120

Gender

Male vs. female

0.729 (0.315-1.691)

0.462

1.277 (0.693-2.355)

0.433

Tumor size (cm)

>5 vs. ≤5

1.989 (1.178-3.360)

0.010

1.774 (1.135-2.775)

0.012

TNM stage

I/II vs. III

2.136 (1.308-3.490)

0.002

1.624 (1.050-2.512)

0.029

Serum AFP level

>400 vs ≤400

1.990 (1.215-3.260)

0.006

1.575 (1.023-2.426)

0.039

Tumor location

Left vs. right

0.802 (0.481-1.337)

0.397

1.169 (0.731-1.868)

0.515

Tumor differentiation

Hihg vs. median/low 6.748 (2.117-21.513)

0.001

4.225 (1.945-9.178)

<0.001

HBsAg

Positive vs. negative 1.367 (0.837-2.232)

0.212

0.952(0.617-1.469)

0.826

Liver cirrhosis

Yes vs. no

1.721 (1.027-2.884)

0.039

2.050 (1.294-3.249)

0.002

Edmonson grade

I vs. II-IV

0.652 (0.311-1.368)

0.258

0.581 (0.300-1.127)

0.108

Child-Pugh class

A vs. B

5.028 (2.863-8.827)

<0.001

1.767 (1.142-2.734)

0.011

Adjacent hepatic inflammation Yes vs. no

1.432 (0.813-2.522)

0.214

1.350 (0.828-2.202)

0.228

Vascular invasion

Yes vs. no

2.758 (1.635-4.654)

<0.001

3.338 (1.298-5.313)

<0.001

Tumor encapsulation

Yes vs. no

0.744 (0.450-1.231)

0.250

0.252 (0.162-0.394)

<0.001

CTSA protein level

High vs. low

2.241 (1.350-3.270)

0.002

2.403 (1.540-3.750)

<0.001

Abbreviations: CTSA, CATHEpsin A; HR, HAzard ratio; CI, CONFIDential interval; AFP, ALPha fetoprotein; TNM, TUMor, node, metastasis. *P-Value
<0.05 were considered statistically significant.

Table 3. Multivariate Cox Regression analysis of overall survival and recurrence-free survival in 161
patients with hepatocellular carcinoma
Overall survival
Recurrence-free survival *
*
P-Value
P-Value
aHR (95% CI)
aHR (95% CI)
Tumor size (cm)
>5 vs. ≤5
0.772 (0.365-1.635) 0.499
1.185 (0.633-2.219)
0.595
TNM staging
I/II vs. III
1.339 (0.665-2.697) 0.413
1.108 (0.602-2.040)
0.741
Serum AFP level
>400 vs ≤400
1.219 (0.709-2.095) 0.474
0.983 (0.611-1.583)
0.944
Tumor differentiation Hihg vs. median/low 3.901 (1.176-12.943) 0.026
2.537 (1.109-5.803)
0.027
Liver cirrhosis
Yes vs. no
1.110 (0.604-2.040) 0.736
1.136 (0.668-1.934)
0.638
Child-Pugh class
A vs. B
1.299 (0.721-2.340) 0.384
1.267 (0.794-2.024)
0.321
Vascular invasion
Yes vs. no
2.033 (1.125-3.676) 0.019
2.398 (1.458-3.945)
0.001
Tumor encapsulation Yes vs. no
0.249 (1.154-0.402)
<0.001
CTSA protein level
High vs. low
4.326 (2.416-7.745) <0.001
1.876 (1.103-3.191)
0.020
variables

Abbreviations: CTSA, Cathepsin A; aHR, Adjusted hazard ratio; CI, Confidential interval; AFP, Alpha fetoprotein; TNM, Tumor,
node, metastasis. *P-Value <0.05 were considered statistically significant.

(1.103-3.191), P=0.020) were independent
prognostic factors for OS and/or RFS (Table 3).
Furthermore, the ROC analysis indicated that
the prediction value of the CTSA protein level
was 0.718 and 0.738 for death and recurrence, respectively, which was better than other
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clinicopathological parameters in our cohort
(Figure 2E, 2F). Moreover, the time-dependent
ROC analysis was employed to further assess
the prediction performance of the IHC staining
score and found that the AUC for 1-, 3-, and
5-year OS prediction was 0.74, 0.64, and 0.65,
respectively (Figure 2G), and the AUC for 1-, 3-,
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and 5-year RFS predictions was 0.68, 0.71, and
0.71, respectively (Figure 2H).

for 1-, 3-, and 5-year OS (Figure 4E-G) and RFS
(Figure 5E-G) prediction.

The prognostic significance of the CTSA protein level in the subgroups of HCC patients

Discussion

We further investigated in detail the prognostic
significance of the CTSA protein expression in
different subgroups of HCC patients, including
early-stage (stage I/II), Child-Pugh class A, low
AFP level (≤400 ng/ml), and tumors diameter
smaller than 5 cm. Our results demonstrated
that both the OS and RFS of patients in high
CTSA protein expression subgroups (CTSA IHC
score >2) were significantly lower than those
in low CTSA protein expression subgroups
(CTSA IHC score ≤2), such as stage I/II (OS:
P=0.0495; RFS: P=0.0318, Figure 3A, 3B),
Child-Pugh class A (OS: P=0.0350; RFS: P=
0.0050, Figure 3C, 3D), serum AFP less than
400 ng/ml subgroups (OS: P=0.0356; RFS:
P=0.0104, Figure 3E, 3F). In addition, in the
subgroup with tumor diameter smaller than
5cm, the high CTSA protein expression (IHC
score of >2) was associated with poor RFS
(P=0.0461, Figure 3H), but was not correlated
with OS (P=0.1568, Figure 3G).
Establishment and validation of a predictive
nomogram for survival
We constructed nomograms incorporating the
CTSA IHC staining score and all the clinical
independent prediction factors identified from
the multivariate Cox regression analysis for
predicting 1-, 3-, and 5-year OS and RFS in the
HCC cohort. Specifically, the CTSA IHC staining
score, vascular invasion, and tumor differentiation were first integrated to construct the predictive nomograms of OS and RFS (Figure 4A).
Then, the tumor encapsulation was added to
the nomogram for RFS prediction (Figure 5A).
Each independent prognostic factor was given
a score on the points scale. By adding up each
score to obtain a total score shown on the bottom scale, the nomogram could predict the 1-,
3-, and 5-year survival probability for individual
patient. The calibration curve representing the
actual and the combined model-predicted 1-,
3-, and 5-year OS and RFS demonstrated the
excellent prediction performance of the nomogram (Figures 4B-D, 5B-D). In addition, the DCA
curve exhibited the best net benefit of the combined model of all independent prognostic factors compared with the individual factor both
3850

HCC is the second-leading cause of cancerrelated mortality and poses an immediate economic and health threat worldwide [27]. The
poor prognosis of HCC is attributed to the high
incidence of recurrence and metastasis after
the curative hepatectomy. However, due to the
heterogeneity of HCC, traditional prognosticrelated features, such as TNM stage, tumor differentiation, tumor size, and Edmonson grade,
are not sufficient to accurately predict the prognosis [28]. Therefore, the identification of recurrence- and prognosis-related molecular markers is imperative for stratifying patients with
recurrence risk, guiding early treatment, and
improving the prognosis of HCC patients.
Cathepsins, a group of lysosome-encapsulated
cellular proteases, are involved in virtually all
the lysosome-related biological processes,
including cellular autophagy, protein degradation, and cellular stress signaling pathway [10,
29]. Importantly, in recent years, members of
cathepsin family have been shown to play an
important role in the growth and metastasis
of multiple human tumors. For example,
Cathepsin B is considered as a sellsword of
cancer progression and as a mediator of ferroptosis-related cell death [30, 31]. In addition,
Gondi, et al. reported that Cathepsin B was a
cancer therapy target in breast tumors, melanoma, esophageal squamous, and HCC [32].
CTSA, a well-known member of the serine protease cathepsin family that functions as a promotor for heart failure after myocardial infarction [33], was reported to play a cancer-promoting role in multiple tumor types, such as
prostate cancer, lung adenocarcinoma, colorectal cancer, breast ductal carcinoma, and melanocytic tumors [20, 21, 23, 34, 35]. Our previous bioinformatics study also suggested an
oncogenic role of CTSA in HCC, as its high
mRNA expression was associated with poor
prognosis [24]. In consistent with this, a study
using quantitative proteomics demonstrated
that CTSA protein was significantly upregulated
in HCC tissues compared with the adjacent
non-tumor tissues; nevertheless, the prognostic significance and clinical application of CTSA
were not addressed [36]. In the present study,
Am J Cancer Res 2022;12(8):3843-3856
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Figure 3. The prognostic value of the CTSA protein expression in the subgroups of patients with early-stage tumors.
Kaplan-Meier analysis of OS and RFS for HCC patients with early-stage disease (A, B), Child-Pugh class-A (C, D), low
serum AFP level (E, F), and tumors diameter smaller than 5 cm (G, H).

Figure 4. Nomogram, calibration plot, and decision curve analysis (DCA) curves for OS. (A) Nomogram to predict 1-,
3-, and 5-year OS probability. (B-D) The calibration curve for 1- (B), 3- (C), and 5-year OS probability (D) prediction in
patients with HCC. (E-G) The net benefit of combined model and individual factors for 1- (E), 3- (F), and 5-year (G) OS
probability prediction exhibited in the DCA.
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Figure 5. Nomogram, calibration plot, and decision curve analysis (DCA) curves for RFS. (A) Nomogram to predict 1-,
3-, and 5-year RFS probability. (B-D) The calibration curve for 1- (B), 3- (C), and 5-year RFS probability (D) prediction
in patients with HCC. (E-G) The net benefit of combined model and individual factors for 1- (E), 3- (F), and 5-year (G)
RFS probability prediction exhibited in the DCA.

we aimed to explore if the protein level of CTSA
could be used as a diagnostic and prognostic
marker in patients with HCC.
By using IHC assay with a semi-quantitative
scoring system, we found that a high CTSA IHC
3853

staining score could predict the poor clinicopathological outcomes, such as TNM stage,
serum AFP level, tumor differentiation, liver cirrhosis, Child-Pugh class, and vascular invasion.
In addition, the percentage of death and recurrence incrementally increased with the increasAm J Cancer Res 2022;12(8):3843-3856
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ing IHC staining scores. Furthermore, the CTSA
protein expression level can also accurately
predict the OS and RFS of patients with early
stage (stage I/II), Child-Pugh class A, and low
AFP level (≤400 ng/ml), indicating its promising application in the prediction of tumor recurrence at early stage. Together, these findings
reveal a direct association between the IHC
staining score of CTSA and the survival probability of patients. Moreover, the multivariate
Cox regression identified high CTSA protein
expression as an independent prognostic factor for OS and/or RFS. Finally, the ROC analysis
showed that the CTSA protein level was better
than other clinicopathological parameters in
predicting the death and recurrence. The timedependent ROC curve exhibited the large AUC
for 1-, 3-, and 5-year OS and RFS predictions.
Previous studies have reported that the suppression of CTSA inhibits the growth and invasion of prostate cancer cells by inhibiting the
p38 MAPK signaling pathway [20]. In addition,
Cathepsin C (CTSC) was reported to promote
the proliferation and metastasis of HCC via promoting TNF-α/p38 MAPK Signaling Pathway
[37]. Thus, it is reasonable to speculate that
high CTSA expression promotes the progression and attributes to the poor prognosis of
HCC through enhancing the oncogenic pathways such as p38 MAPK pathway. However, further experiments need to be carried out to
prove this hypothesis.
In this study, we also established nomograms
by incorporating the CTSA IHC staining score
and all the clinical independent prediction factors from our HCC cohort. To the best of our
knowledge, this is the first study to establish
nomograms based on the CTSA protein expression and other clinicopathologic parameters.
The calibration curve exhibited excellent consistency between the actual observations and
the predictive probabilities, indicating the reproducibility and reliability of the nomograms.
The application of nomograms and the DCA
curve enables the early stratification of patients
with high risk for recurrence and poor survival
and provides the rationale for the efficient clinical decision-making.
This present study had some limitations. First,
this was a retrospective and single-center
study; only the patients who had undergone
curative hepatectomy were included, which
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might result in the selection bias. Therefore, a
prospective study with a larger sample size is
required to validate these results. Second, this
study only included patients with one tumor
lesion and without metastasis, which is not
applicable for patients with multiple liver tumors and/or any metastasis. Last, the underlying mechanism of CTSA regulating the tumorigenesis of HCC was not investigated in this
study, which should be carried out in the future.
Conclusions
We found high CTSA IHC protein expression
level predicted the poor clinicopathological outcomes. In addition, high CTSA protein expression was an independent prognostic factor for
OS and/or RFS. Furthermore, we have constructed nomograms incorporating the CTSA
IHC staining score and all the clinical independent prediction factors from our HCC cohort,
which provides a potential tool for the prediction of recurrence and poor survival of HCC.
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