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Purpose: This study aimed to investigate the expression of tissue inhibitor of matrix metalloproteinase-2 (TIMP-2) in postoperative
patients with hepatocellular carcinoma (HCC), its relationship with prognosis, and to build a nomogram prediction model for overall
survival (OS) and disease-free survival (DFS) based on TIMP-2 expression.

Patients and Methods: Expression profile data from HCC-related datasets were obtained from the Gene Expression Omnibus to
analyze the correlation between TIMP-2 and HCC survival and prognosis, and its relationship with the HCC tumor immune
microenvironment. Overall, 118 patients who underwent radical surgery for HCC were included retrospectively. To investigate the
relationship between TIMP-2 expression and the clinicopathological characteristics and prognosis of patients with HCC, Cox
regression analysis was used to determine the independent prognostic factors for DFS and OS. A nomogram prediction model for
OS and DFS after HCC was established based on TIMP-2.

Results: In the TIMP-2 high expression group, CD4+ T cells, CD8+ T lymphocytes, macrophages, and natural killer cells were the
predominant infiltrates. The 1-, 2-, 3-, and 5-year survival and DFS rates in the low TIMP-2 expression group were higher than in the
high TIMP-2 expression group (P<0.01). TIMP-2, neutrophil-to-lymphocyte (NLR), and tumor count were independent risk factors for
OS (P<0.05), while NLR, liver cirrhosis, and ECOG score were independent risk factors for DFS (P<0.05). A TIMP-2-based
nomogram for OS and DFS demonstrated good discrimination, calibration capabilities, and clinical utility as confirmed by ROC
curves, calibration maps, and DCA in both training and verification sets.

Conclusion: TIMP-2 may be involved in regulating the immune microenvironment as an immune inflammation-related gene in HCC.
The nomogram prediction model of OS and DFS after HCC was established based on TIMP-2, providing a tool to predict the survival
prognosis and recurrence risk of patients after HCC.
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Introduction

Primary liver cancer is the third leading cause of cancer-related death, with as many as 865,000 new cases, ranking sixth
among malignant tumors.' Our country is a country with a high incidence of primary liver cancer. New cases account for
half of the world’s total new cases every year, and the annual mortality rate accounts for more than half of all cases
worldwide. Hepatocellular carcinoma (HCC) is the main histological subtype, accounting for approximately 90% of all
primary liver malignancies.” Most patients with HCC are already advanced when diagnosed and miss the best
opportunity for surgery. The postoperative recurrence rate is as high as 70-80%, and the prognosis is poor.’
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High serum alpha-fetoprotein (AFP) levels have been shown to be associated with the occurrence and development of
HCC, and have been used as a tool for diagnosing HCC and monitoring its recurrence. However, 20-30% of patients
with HCC are negative for AFP,* and AFP cannot play a diagnostic role in these patients. Addition, AFP is abnormally
elevated in diseases such as liver cirrhosis, hepatitis, testicular germinoma and some digestive tract tumors, indicating
that its specificity is insufficient.” Secondly, AFP cannot predict the risk of recurrence and metastasis of HCC and
determine its survival and prognosis. Therefore, identifying an effective marker to monitor recurrence and assess
prognosis in HCC is an important research topic.

The tumor microenvironment (TME) has recently emerged as a key factor in tumor occurrence, development, invasion and
metastasis, and has attracted considerable attention. As one of the main components of the TME, the extracellular matrix plays
a key role in the process of tumor invasion and metastasis.® Matrix metalloproteinases (MMPs) are the main mediators of extra
cellular matrix (ECM) decomposition and remodeling and play a role in many pathological conditions, including promoting
tumor cell invasion and metastasis, cell growth and differentiation, angiogenesis, and apoptosis.”  Tissue inhibitor of matrix
metalloproteinase-2 (TIMP-2) belongs to the tissue inhibitor of MMPs family. As an endogenous inhibitor of MMPs, TIMP-2
is a steady-state regulator of the interface between the ECM and cellular components.'®!" Studies have shown that in the TME
dominated by tumor and stromal cells, TIMP-2 mainly plays a role in anti-angiogenesis and changes the TME through its non-
MMP-dependent activity.'""'? Some studies have found that the expression of TIMP-2 is closely related to tumor prognosis,
but the prognostic results vary in different types of tumors. It has been reported that elevated expression of TIMP-2 is

13,14

associated with poor prognosis in HCC, gastric cancer, glioblastoma, and head and neck squamous cell carcinoma, and is

associated with good prognosis in endometrial cancer, pancreatic cancer, and renal cancer.'>'” Simultaneously, multiple

. . . . 18,1 20,21 . 22-24
clinical studies have revealed that TIMP-2 is a contradictory factor. In breast cancer, 819 lung cancer, 021 cervical cancer,

ovarian cancer>> 2’

and bladder cancer,”®° different studies have provided conflicting evidence on the prognostic role of
TIMP2 in the same cancer. TIMP-2 is highly expressed in HCC with extensive dysregulation of angiogenesis, and patients
with HCC with high TIMP-2 expression have significantly longer postoperative survival times than those with low TIMP-2
expression.’' >* However, some studies have proposed a different view. TIMP-2 is highly expressed in stromal cells and is
associated with HCC cell invasion and metastasis. In addition to inhibiting tumors, it can directly promote tumor metastasis,
but its mechanism of action remains unclear. In HCC, TIMP-2 shows two-way effects on antitumor and pro-tumor activities,
which may be due to poor prognosis in different TMEs.

Previous studies by our research group found that the expression of TIMP-2 was up-regulated in patients with HCC
prone to recurrence, suggesting that TIMP-2 may be related to the postoperative recurrence of HCC and poor prognosis.
This prognostic outcome is consistent with those of previous studies, suggesting that TIMP-2 promotes HCC invasion
and metastasis. This is consistent with pro-tumor activity.”> Therefore, TIMP-2 may be an effective marker for
monitoring the postoperative recurrence of HCC and judging prognosis. Moreover, the pro-tumor activity of TIMP-2
may be related to the complex TME of HCC; however, few studies have explored this correlation. This study aims to
investigate the relationship between TIMP-2 and the tumor and immune microenvironments of HCC, and to explore the
feasibility of TIMP-2 as an effective marker for monitoring postoperative recurrence and predicting prognosis in HCC.

Materials and Methods
Correlation Between TIMP-2 Protein and HCC

In our previous study, 18 patients after radical surgery were selected and divided into groups A (n=9) and B (n=9)
according to the difference in DFS. Group A included patients with HCC with DFS >3 years, and group B included
patients with HCC with DFS <1.5 years. There was a statistically significant difference in the DFS between the two
groups, whereas there was no statistical difference in other clinical characteristics. The DFS in group B was shorter, and
the patients were prone to relapse. The expression levels of 440 tumor-associated proteins in 18 samples were measured
using protein microarray technology. After normalization of the original data, 31 differentially expressed proteins were
found by limma package differential expression analysis, of which 25 proteins were up-regulated in the relapse-prone
group (group B) (Foldchange >1.5; P < 0.05), the up-regulated expression of TIMP-2 ranked higher.
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Survival and transcriptomic test data of 133 patients with HCC were extracted from the GSE148355 (53 cases) and
GSE54236 (80 cases) datasets of the Gene Expression Omnibus. Based on the expression of the TIMP-2 gene, they were
divided into high-expression and low-expression groups, and the difference in survival rates between the two groups was
compared using the Kaplan—Meier method. Finally, a multivariate Cox regression analysis was performed on the
GSE148355 dataset combined with other clinical characteristics. As the GSE54236 dataset did not include patient
clinical characteristics, a multivariate Cox regression analysis was not performed.

Enrichment Analysis of Biological Functions and Pathways of the TIMP-2 Protein
TIMP-2-related genes were obtained from the PathwayCommons database (httP:/www.Pathwaycommons.org/), and

these genes were enriched by the Basic Ontology Database (GeneOntologyGO) and the Kyoto Encyclopedia of Genes
and Genomes (KEGQG) using the “clusterProfiler” software package (P value <0.05). The STRING database was used to
analyze and visualize co-expression networks among the top 25 proteins associated with TIMP-2.

Analysis of Immune Infiltration of TIMP-2 Protein in TME

Transcriptome data from 368 HCC tumor samples within the TCGA-LIHC cohort were obtained using USC Xena tools.
Samples were then categorized into high and low expression groups based on TIMP-2 levels, defined as greater than the
upper quartile and less than the lower quartile, respectively. The ESTIMATE algorithm calculates the immune and matrix
scores in the TME, and simultaneously evaluates tumor purity. The Immune Tumor Biology Research (IOBR) package in
R integrates six commonly used algorithms (MCPcounter, TIMER, xCell, CIBERSORT, EPIC, and quanTiSeq) to
analyze and compare differences in immune cell infiltration of TIMP-2 with different expression levels in the TME.
Immunophenoscores were calculated for four immunophenotypes: effector cells (EC), suppressor cells (SC), antigen
presentation (MHC molecules), and immune checkpoint (CP). Subsequently, the correlation between TIMP-2 and the
TME was analyzed using Spearman correlation test.

Patients and Follow-Up Methods

This study included 118 patients with primary HCC who underwent radical resection at the Cancer Hospital Affiliated to
Guangxi Medical University from January 2013 to November 2014. The inclusion criteria were: (a) age 1870 years, (b)
primary HCC diagnosed by postoperative pathology, (c) no prior systemic antitumor treatment or liver cancer resection,
(d) complete clinical and pathological data. (¢) Informed consent was obtained from the patient before surgery, and an
informed consent form was signed for specimen collection. Tumor tissue specimens from 118 patients with HCC were
collected, and 20 paired liver tissues adjacent to the cancer (1 cm from the tumor edge) were collected simultaneously.
All tissue specimens were kept in a refrigerator at —80°C, and all patients signed written informed consent before the start
of this study. All patients were regularly followed up through telephone and the hospital follow-up office to obtain
postoperative data. Disease-free survival (DFS) was defined as the time interval from the date of surgery to the first
recurrence or metastasis after surgery, or death from any cause. Overall survival (OS) is defined as the time interval from
the date of surgery to death. Follow-up continued until early November 2022. The Ethics Committee of the Affiliated
Cancer Hospital of Guangxi Medical University approved this study. The study complied with the principles of the
Declaration of Helsinki.

Data Collection
Preoperative clinical data before surgery were collected, and the platelet-lymphocyte ratio (PLR), neutrophil-lymphocyte
ratio (NLR), systemic inflammation, and immune index (SII = platelet x neutrophil/lymphocyte count) were calculated.

Detection of TIMP-2 Protein Expression Level
The expression of TIMP-2 in 20 HCC tissues and adjacent tissues was analyzed using enzyme-linked immunosorbent
assay (ELISA), and the expression level of TIMP-2 protein in 118 HCC tissues was detected.
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Establishment of a Nomogram Prediction Model

A prognostic prediction model was constructed based on the results of the Cox multivariate regression analysis, and
patients were randomly divided into training and verification sets at a ratio of 2:1. Overall, 76 and 37 patients were
included in the training and verification sets, respectively. Use the “survival” package in the R package to draw
nomograms of OS and DFS for 1, 2, 3, and 5 years. The R package “timeROC” is used to draw ROC curves,
respectively, and the accuracy and consistency of model prediction are comprehensively evaluated through tdAUC.
The clinical utility of the model was evaluated using the “ggDCA” package in R software. Using the 50th and 85th
percentiles of the predicted score as cutoff values, patients were evenly divided into three groups (low-risk, intermediate-
risk, and high-risk) and displayed as survival curves.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, version 27.0 (IBM Corp., Armonk, NY.,
USA). The expression of TIMP-2 in cancer tissues and paired adjacent cancerous tissues was compared using the
Wilcoxon signed-rank test. The differences between high and low TIMP-2 expression levels between groups were
compared using a y° test or Fisher’s exact test. The r-test was used to analyze the differences in peripheral blood immune
indicators in patients with HCC showing different expression levels of TIMP-2. Pearson’s correlation analysis was used
to analyze the correlation between TIMP-2 protein expression and peripheral blood immune indicators. Survival
comparisons were performed using the Kaplan—-Meier method and Log rank test. The Cox proportional hazards
regression model was used to perform univariate and multivariate (likelihood ratio test (forward: LR) method for
maximum partial likelihood estimation to screen independent variables) survival analyses. Statistical significance was
set at P=0.05. Time-dependent ROC curves, calibration plots, nomograms, and DCA were plotted using the R packages:
timeROC, pROC, and ggDCA.

Results

Differential Protein Analysis Associated with the Prognosis of HCC

Using the limma package, our research group identified 54 differentially expressed proteins from 440 proteins identified
in a previous study, of which three proteins were highly expressed in group A and 51 proteins were highly expressed in
group B (Figure 1A). TIMP-2 was highly expressed in Group B (Figure 1B). The log2 (foldchange) value of TIMP-2 is
—2.56 (P=0.006) (using group A as reference).

Relationship Between TIMP-2 Protein Expression and Prognosis of HCC

The samples were divided into high- and low-expression groups based on TIMP-2 gene expression. The results of the
GSE148355 dataset showed that the median DFS was not reached for either group (Figure 2A). Multivariate Cox
regression analysis showed that the risk of recurrence in the group with high TIMP-2 expression was 1.08 times higher
than that in the group with low TIMP-2 expression (P<0.05; Figure 2B). Analysis of 2-year survival time and OS time on
the GSE54236 dataset showed that the two-year median OS of patients with HCC in the TIMP-2 high expression group
was 18.5 months, while the median OS of the TIMP-2 low expression group was not reached, and the difference was
statistically significant (P<0.01; Figure 2C); The OS time analysis showed that the total median OS of patients in the high
and low expression groups was 18.5 months and 25 months respectively (P>0.05; Figure 2D).

Analysis of Biological Processes and Pathway Enrichment of TIMP-2

Gene ontology enrichment analysis revealed significant enrichment in biological processes including cell response to
tumor necrosis factor, tumor necrosis factor, extracellular matrix tissue, extracellular structural tissue, and protea-
some-mediated ubiquitin-dependent protein catabolic processes (Figure 3A and C), while KEGG enrichment
analysis showed that genes were significantly enriched in the proteoglycan metabolism pathway of cancer
(Figure 3B and D). The gene concept network diagram showed that TIMP-2 is involved in tumor-related biological
processes and gene pathways. The main proteins involved in these tumor-related biological processes and gene
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Figure | (A) Volcano plot showing differentially expressed proteins between groups A and B; (B) Clustering heat map of 54 differentially expressed proteins.
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Figure 2 Analysis of survival and prognosis between TIMP-2 and hepatocellular carcinoma: (A) Univariate analysis of DFS in GSEI48355 data set; (B) Multivariate COX
regression analysis of DFS in GSE148355 data set, *p < 0.05, **p < 0.01; (C) Univariate analysis within 2 years of OS in GSE54236 data set; (D) Univariate analysis of OS in
GSE54236 data set. High expression of TIMP-2 is a risk factor for poor survival and prognosis in patients with hepatocellular carcinoma.

pathways are TNF, MMP-16, COL1A1, ITGBI (B1 integrin), MMP-2, PSME3, etc. (Figure 3E and F). SRTING
network protein analysis showed that TIMP-2, MMP-16, TIGB1, and MMP-2 were essential nodes in the protein
network (Figure 4).

Analysis of Immune Infiltration of TIMP-2 Protein in TME

Relationship Between TIMP-2 Protein and Various Scores in TME

Estimation scoring analysis showed that the immune and matrix scores in the high TIMP-2 expression group were higher
than those in the low TIMP-2 expression group (P<0.05). The tumor purity scores in the low-expression group were
higher than those in the high-expression group (Figure 5).

Immune Cell Infiltration in HCC Samples with Different TIMP-2 Expression Levels

Memory resting CD4 +T cells in TIMP-2 high expression group are in CIBERSORT algorithm, T lineage cells, CD8 +T
cells, and fibroblasts are in MCP algorithm, CD4 +T cells, CD8 +T cells are in TIMER algorithm, B lineage cells, M2
macrophages, and monocytes are in quaitTIseq algorithm, plasma cells, M1 macrophages, fibroblasts, activated DC cells
are in xCell algorithm, tumor-associated fibroblasts The infiltration degree of cancer-associated fibroblasts (CAFs) in
EPIC algorithm was higher than that in the low-expression group (P<0.05). The degree of immune infiltration of CD8+
T cells in the high-level group of the MCP and TIMER algorithms was higher than that in the low-level group (P<0.05).
The degree of immune infiltration of fibroblasts in the MCP and xCell algorithms was higher than that in the low-
expression group (P<0.05). In samples from the low TIMP-2 expression group, the degree of immune infiltration of CDS8
+T cells and activated NK cells in the CIBERSORT algorithm, CD8 + naive T cells, CD4 + memory T cells, M2
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macrophages in the xCell algorithm, macrophages in the EPIC algorithm, and neutrophils in the quaitTIseq algorithm
was higher than that in the high TIMP-2 expression group (P<0.05; Figure 6).

Immunophenotypes of HCC Tissues with Different TIMP-2 Expression Levels

The EC and MHC scores of the TIMP-2 high expression group were higher than those of the low expression group
(P<0.01), while the SC score and CP score of the TIMP-2 low expression group were higher than those of the TIMP-
2 high expression group (P<0.01). There was no difference in the Z-score scores between the two groups (P>0.05;

Figure 7).

Correlation Between TIMP-2 Protein and Tumor Immune Microenvironment

MCP algorithm showed that fibroblasts (p=0.77) and endothelial cells (p=0.57) were positively correlated with TIMP-2
expression. The xCELL algorithm showed that fibroblasts (p=0.60), chondrocytes (p=0.58), and mesangial cells (p=0.73)
were positively correlated with TIMP-2 expression. Estimate scoring method showed that matrix score (p=0.61) was
positively correlated with TIMP-2 expression, and tumor purity (p=—0.5) was negatively correlated with TIMP-2
expression. TIMER algorithm showed that neutrophils (p=0.53), dendritic cells (p=0.54), and macrophages (p=0.61)
were positively correlated with TIMP-2 expression. The EPIC algorithm showed that CAFs (p=0.70) were positively
correlated with TIMP-2 expression (Figure 8).
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Figure 6 Various algorithms evaluate the infiltration of immune cells in hepatocellular carcinoma samples with different levels of TIMP-2 expression: (A) Clustering heat map
of immune cell infiltration; (B) Boxplot of immune cell infiltration.

Basic Clinical Characteristics of Patients

Overall, 118 patients with HCC were included, and the expression level of TIMP-2 protein in 20 HCC tissue samples was
higher than that in paired adjacent tissues (P<0.05; Figure 9). Among them, 58 cases were <50 years old, and 60 cases
were >50 years old. As of November 2022, 5 patients were lost to follow-up, with a lost-to-follow-up rate of 4.2%. The
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median follow-up time was 60.4 months, median survival was 60.4 months, and median DFS was 17.7 months. Taking
the median TIMP-2 expression of 1192.555 pg/mL as the cutoff value, patients were divided into a low TIMP-2
expression group and a high TIMP-2 expression group. TIMP-2 expression was closely related to patient age, presence
or absence of cancer thrombus, BCLC stage, TNM stage, and CNLC stage (P<0.05; Table 1). The distribution of
neutrophils in the group with low TIMP-2 expression was higher than that in the group with high TIMP-2 expression
(P<0.05). There were no significant differences in the values of white blood cells, total T lymphocytes, CD3 + CD4 +

Table | Relationship Between Characteristics and TIMP-2 Protein Expression in Patients

Variables n=118 n(%) TIMP-2 P
Low (<1192.555, | High (>1192.555,
n=59), n(%) n=59), n(%)

Age (years) 0.001*
<50 58(49.2) 20(33.9) 38(66.1)
=50 60(50.8) 39(66.1) 21(33.9)

Sex 0.205
Male 107(80.5) 56(94.9) 51(86.4)

Female 11(19.5) 3(5.1) 8(13.6)

Family history 0.816
No 95(80.5) 48(81.4) 47(79.7)

Yes 23(19.5) 11(18.6) 12(20.3)

Drinking 1.000
No 86(72.9) 43(72.9) 43(72.9)

Yes 32(27.1) 16(27.1) 16(27.1)

Smoking 0.253
No 74(62.7) 34(57.6) 40(67.8)

Yes 44(37.3) 25(42.4) 19(32.2)

HBsAg 0.47
Negative 21(17.8) 12(20.3) 9(15.3)

Positive 97(82.2) 47(79.7) 50(84.7)

ALT 0.170
<80U/L 113(95.8) 58(98.3) 55(93.2)
280U/L 5(4.2) 1(1.7) 4(6.8)

AST 0.769
<80U/L 105(89.0) 53(89.8) 52(88.1)
280U/L 13(11) 6(10.2) 7(11.9)

AFP 0.065
<400ng/m 64(54.2) 37(62.7) 27(45.8)
2400ng/mL 54(45.8) 22(37.3) 32(54.2)

PLT 0.581
<211.805%109/L 59(50.0) 31(52.5) 28(47.5)
2211.805%109/L 59(50.0) 28(47.5) 31(52.5)

Histological differentiation 0.269
Well-differentiated 62(52.5) 34(57.6) 28(47.5)

Poorly differentiated 56(47.5) 25(42.4) 31(52.5)

Tumor number 0.078
Single 79(66.9) 44(74.6) 35(59.3)

Multiple 39(33.1) 15(25.4) 24(40.7)

Maximum tumor diameter 0.827
<5cm 27(22.9) 13(22.0) 14(23.7)
>5cm 91(77.1) 46(78.0) 45(76.3)

(Continued)
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Table | (Continued).

Variables n=118 n(%) TIMP-2 P
Low (<1192.555, | High (>1192.555,
n=59), n(%) n=59), n(%)

Child-Pugh grade 1.000
A 116(98.3) 58(98.3) 58(98.3)
B 2(1.7) 1(1.7) 1(1.7)

Tumor capsule 0.191
Complete 69(58.5) 38(64.4) 31(52.5)
Incomplete 49(41.5) 21(35.6) 28(47.5)

Tumor rupture 0.255
No 104(88.1) 50(84.7) 54(91.5)
Yes 14(11.9) 9(15.3) 5(8.5)

MVI 0.054
MO 40(33.9) 26(44.1) 14(23.7)
MI 15(12.7) 5(8.5) 10(16.9)
M2 63(53.4) 28(47.5) 35(59.3)

Vascular invasion 0.057
No 74(62.7) 42(71.2) 32(54.2)
Yes 44(37.3) 17(28.8) 27(45.8)

Tumor thrombus 0.001*
No 66(55.9) 43(72.9) 23(39.0)
Yes 52(44.1) 16(27.1) 36(61.0)

Cirrhosis 0.816
No 23(19.5) 12(20.3) 11(18.6)
Yes 95(80.5) 47(79.7) 48(81.4)

ECOG score 0.059
0 36(30.5) 22(37.3) 14(23.7)
| 61(51.7) 31(52.5) 30(50.8)
2 21(17.8) 6(10.2) 15(25.4)

BCLC staging 0.005*
A-B 69(58.5) 42(71.2) 27(45.8)
C 49(41.5) 17(28.8) 32(54.2)

TNM staging 0.003*
1A-1I 64(54.2) 40(57.8) 24(40.7)
lIA-11IB 54(45.8) 19(32.2) 35(59.3)

CNLC staging 0.035%
la-11b 75(63.6) 43(72.9) 32(54.2)
llla-lllb 43(36.4) 16(27.1) 27(45.8)

Note: *P<0.05.

helper lymphocytes, CD3 + CDS8 + inhibitory lymphocytes, CD3 + CD4 +/CD3 + CDS8 +, natural killer cells,
B lymphocytes, SII, NLR, and PLR between the TIMP-2 high expression group and low expression group (P>0.05;
Figures 10 and 11).

Correlation Between TIMP-2 Protein Expression and Peripheral Blood

Immune-Inflammatory Parameters
Leukocytes (y=0.24), neutrophils (y=0.19), and SII (y=0.22) values were positively correlated with TIMP-2 protein
expression (P<0.05; Figures 12 and 13).
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Figure 14 (A) Kaplan-Meier curve for OS of HCC patient with TIMP-2 different expression levels; (B) Kaplan-Meier curve for DFS of HCC patients with TIMP-2 different
expression levels.

Relationship Between TIMP-2 Protein Expression and Prognosis of HCC

The median OS of the high TIMP-2 expression group was significantly shorter than that of the low TIMP-2 expression group
(24 vs 97.9 m, P<0.01). The median DFS in the group with high TIMP-2 expression was significantly lower than that in the
group with low TIMP-2 expression (5.6 vs 17.7 m, P=0.01; Figure 14). The 1- year (94.7% vs 60.7%), 2- year (89.5% vs
50%), 3- year (86% vs 41.1%), and 5- year (73.7% vs 26.8%) survival rates in the group with low TIMP-2 expression were
higher than those in the group with high TIMP-2 expression (P<0.01). The 1- year (66.7% vs 39.3%), 2- year (63.2% vs
30.4%), 3- year (57.9% vs 25%) and 5-year (45.6% vs 17.9% DEFS rates in the low TIMP-2 expression group were higher than
those in the high TIMP-2 expression group (P<0.01; Tables 2 and 3).

Univariate and Multivariate Analysis of Survival in Patients with HCC
Univariate analysis showed that the expression levels of NLR and TIMP-2, histopathological differentiation, tumor

number, BCLC stage, TNM stage, and CNLC stage were associated with postoperative OS (P<0.05; Table 4) and were

Table 2 Overall Survival Rate of HCC Patients with Different TIMP-2 Expression

Survival Time Survival Rate x? P
Low Expression High Expression
of TIMP2 of TIMP2
I-year OS 94.7% 60.7% 18.978 | <0.001*
2-year OS 89.5% 50% 20.924 | <0.001*
3-year OS 86% 41.1% 24.626 | <0.001*
5-year OS 73.7% 26.8% 24.854 | <0.001*

Note: *P<0.05.

Table 3 Disease-Free Survival Rate of HCC Patients with Different TIMP-2

Expression
Survival time Survival Rate x2 P
Low Expression | High Expression
of TIMP2 of TIMP2
|-year DFS 66.7% 39.3% 8.504 0.005*
2-year DFS 63.2% 30.4% 12203 | 0.001*
3-year DFS 57.9% 25% 12.582 | 0.001*
5-year DFS 45.6% 17.9% 10.025 | 0.002%*

Note: *P<0.05.
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Table 4 Univariate Analysis of Overall Survival

Variables n=118/Median (QL-QU) HR (95% CI) P
Sex

Male 64 (107)

Female 6 () 1.051 (0.455-2.429) 0.907
Age (years)

<50 37 (58)

250 33 (60) 0.7363 (0.460-1.178) 0.202
Family history

No 53 (95)

Yes 17 (23) 1.406 (0.813-2.431) 0.223
Drinking

No 48 (86)

Yes 22 (32) 1.392 (0.84-2.306) 0.199
Smoking

No 42 (74)

Yes 28 (44) 1.092 (0.677-3.195) 0.0596
HBsAg

Negative 8 (21)

Positive 62 (97) 1.685 (0.889—1.945) 0.839
ALT

<80U/L 66 (113)

280U/L 4 (5) 2.071 (0.751-5.706) 0.159
AST

<80U/L 62 (105)

280U/L 8 (13) 1.125 (0.538-2.351) 0.755
AFP

<400ng/mL 43 (64)

2400ng/mL 27 (54) 0.7521 (0.464-1.218) 0.247
PLR

118.05 (89.133-178.05) 1.001 (0.998-1.004) 0.366
NLR

2.37 (1.723-3.2275) 1.18 (1.023-1.361) 0.023*
PLT (x109/L)

211.805 (160.408 —262.365) 1 (0.997-1.003) 0.921
TIMP-2

1192.555 (578.565-2057.095) 1.000 (I1-1I) 0.008
Leukocyte count

6.555 (5.4-7.9775) 1.003 (0.9209-1.091) 0.953
Total T lymphocyte count

67.6 (60.925-74.45) 0.9935 (0.971-1.017) 0.58
CD3+CD4+ helper lymphocytes count

38.95 (30.2—43.825) 0.9849 (0.9574-1.013) 0.291
CD3+CD8+ inhibited lymphocytes count

20.7 (16.15-26.55) 0.997 (0.9639-1.031) 0.862
Natural killer cells count

12.8 (7.975-18.4) 0.9904 (0.9587-1.023) 0.563
Neutrophil count

3.71 (3.2125-5.0375) 1.114 (0.9668-1.283) 0.136
B lymphocytes count

6.9 (4.3-10.6) 1.005 (0.9526—1.059) 0.865
CD3+CD4+/CD3+CD8+

1.7 (1.4-2.575) 0.9944 (0.7375-1.341) 0.971

(Continued)
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Table 4 (Continued).

Variables n=| 18/Median (QL-QU) HR (95% CI) P
N

467.74 (289.455-780.44) I (0.9996-1.001) 0.0607
Histological differentiation

Well-differentiated 32 (62)

Poorly differentiated 38 (56) 1.626 (1.014-2.608) 0.044*
Tumor number

Single 42 (79)

Multiple 28 (39) 2.085 (1.289-3.372) 0.003*
Maximum tumor diameter

<5cm 14 (27)

25cm 56 (91) 1.4 (0.779-2.516) 0.261
Child-Pugh grade

A 68 (116)

B 2(2) 1.237 (0.704-2.174) 0.739
Tumor capsule

Complete 39 (69)

Incomplete 31 (49) 1.25 (0.91-1.716) 0.168
Tumor rupture

No 63 (104)

Yes 7 (14) 0.777 (0.356—1.696) 0.526
Vascular invasion

No 40 (74)

Yes 30 (44) 1.431 (0.891-2.298) 0.138
Tumor thrombus

No 36 (65)

Yes 33 (52) 1.44 (0.897-2.31) 0.131
MVI

MO 23 (40)

Ml 8 (15)

M2 39 (63) 1.091 (0.844—1.411) 0.505
Cirrhosis

No 11 (23)

Yes 59 (95) 1.532 (0.805-2.917) 0.194
ECOG score

0 16 (36)

| 40 (61)

2 14 (21) 1.482 (1.064-2.066) 0.020*
BCLC staging

A 23 (49) Reference

B 14 (20) 2.427 (1.245-4.731) 0.009*

C 33 (49) 1.919 (1.125-3.275) 0.017*
TNM staging

| 28 (55) Reference

Il 309 0.554 (0.168-1.823) 0.331

1] 39 (54) 1.942 (1.193-3.161) 0.008*
CNLC staging

la 7 (18) Reference

Ib 20 (37) 1.348 (0.570-3.189) 0.496

lla 13 (18) 3.109 (1.236-7.821) 0.016*

IIb 1 (2) 1.210 (0.149-9.839) 0.859

llla 29 (43) 2.153 (0.943—4.919) 0.069

Note: *P<0.05.
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risk factors affecting OS. The NLR, ECOG score, SII, histopathological differentiation, number of tumors, degree of liver
cirrhosis, BCLC stage, and TNM stage were correlated with postoperative DFS (P<0.05; Table 5) and were risk factors
affecting DFS. Multivariate analysis showed that TIMP-2 levels, NLR, and tumor number were independent risk factors
for OS in patients with HCC. The risk of death in patients with high TIMP-2 expression was twice that in patients with
low NLR, and the risk of death in patients with high NLR was 1.2 times that in patients with low NLR (Figure 15). NLR,
liver cirrhosis, and ECOG PS were independent risk factors for DFS in patients with HCC. Patients with a high NLR had
a 1.2 times higher risk of recurrence than those with a low NLR (Figure 16).

Table 5 Univariate Analysis of Disease-Free Survival

Variables n=I18/Median (QL-QU) HR (95% CI) P

Sex
Male
Female 1.051 (0.455-2.429) 0.956

Age (years)
<50
250 0.785 (0.514-1.199) 0.263

Family history
No
Yes 1.069 (0.635-1.798) 0.803

Drinking
No
Yes 1.415 (0.892-2.246) 0.14

Smoking
No
Yes 0.939 (0.606—1.454) 0.777

HBsAg
Negative 8 (21)
Positive 62 (97) 1.622 (0.880-2.987) 0.121

ALT
<80U/L 66 (113)
280U/L 4 (5) 1.366 (0.500-3.728) 0.543

AST
<80U/L 62 (105)
280U/L 8 (13) 1.205 (0.623-2.331) 0.58

AFP
<400ng/mL 43 (64)
2400ng/mL 27 (54) 0.894 (0.582-1.373) 0.608

PLR
118.05 (89.1325-178.05) 1.00 (0.998-1.006) 0.0721

NLR
2.37 (1.7225-3.2275) 1.282 (1.095-1.501) 0.002%*

PLT (x109/L)
211.805 (160.4075 —262.365) 0.999 (0.997-1.002) 0.736

TIMP-2
1192.555 (578.565-2057.095) 1.000 (1-1) 0.07

Leukocyte count
6.555 (5.4-7.9775) 0.9679 (0.8917-1.051) 0.436

Total T lymphocyte count
67.6 (60.925-74.45) 0.9973 (0.9772-1.018) 0.798

CD3+CD4+ helper lymphocytes count
38.95 (30.2-43.825) 0.9872 (0.9616—1.013) 0.334

(Continued)
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Table 5 (Continued).

Variables n=| 18/Median (QL-QU) HR (95% CI) P
CD3+CD8+ inhibited lymphocytes count

20.7 (16.15-26.55) 0.9964 (0.9661-1.028) 0.821
Natural killer cells count

12.8 (7.975-18.4) 0.9841 (0.9546-1.014) 0.301
Neutrophil count

3.71 (3.2125-5.0375) 1.032 (0.8971-1.188) 0.656
B lymphocytes count

6.9 (4.3-10.6) I.114 (0.9668-1.283) 0.136
CD3+CD4+/CD3+CD8+

1.7 (1.4-2.575) 0.9749 (0.928-1.024) 0.313
N

467.74 (289.455-780.44) I (1-1.001) 0.0379*
Histological differentiation

Well-differentiated 32 (62)

Poorly differentiated 38 (56) 1.808 (1.177-2.778) 0.007*
Tumor number

Single 42 (79)

Multiple 28 (39) 1.697 (1.089-2.646) 0.012*
Maximum tumor diameter

<5em 14 (27)

25cm 56 (91) 1.196 (0.730-1.96) 0.477
Child-Pugh grade

A 68 (116)

B 2(2) 1.367 (0.823-2.27) 0.227
Tumor capsule

Complete 39 (69)

Incomplete 31 (49) 1.233 (0.932-1.632) 0.142
Tumor rupture

No 63 (104)

Yes 7(14) 1.01 (0.522-1.953) 0.976
Vascular invasion

No 40 (74)

Yes 30 (44) 1.521 (0.989-2.339) 0.056
Tumor thrombus

No 36 (65)

Yes 33 (52) 1.499 (0.978-2.298) 0.063
MVI

MO 23 (40) Reference

MI 8 (15) 0.889 (0.436-1.816) 0.747

M2 39 (63) 0.954 (0.603-1.510) 0.842
Cirrhosis

No I (23)

Yes 59 (95) 2.07 (1.123-3.818) 0.020%*
ECOG score

0 16 (36)

| 40 (61)

2 14 (21) 1.59 (1.177-2.148) 0.003*
BCLC staging

A 23 (49) Reference

B 14 (20) 1.759 (0.947-3.267) 0.074

C 33 (49) 1.854 (1.155-2.976) 0.011*

(Continued)
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Table 5 (Continued).

Variables n=I18/Median (QL-QU) HR (95% CI) P
TNM staging
[ 28 (55) Reference
Il 309 0.569 (0.202-1.597) 0.284
1] 39 (54) 1.796 (1.158-2.786) 0.009*
CNLC staging
la 7 (18) Reference
Ib 20 (37) 0.659 (0.337-1.290) 0.223
lla 13 (18) 1.329 (0.623-2.838) 0.462
1) 1 (2) 1.621 (0.366-7.172) 0.525
Illa 29 (43) 1.305 (0.701-2.430) 0.401

Note: *P<0.05.

Establishment and Evaluation of the OS and DFS Nomogram Prediction Model

Cox multivariate regression analysis showed that TIMP-2 levels, NLR, and tumor number were independent risk factors

affecting OS in patients with HCC. Cox multivariate regression analysis showed that the NLR, liver cirrhosis, and ECOG

PS were independent risk factors for DFS in patients with HCC. Based on the results of the Cox multivariate regression

analysis and the relationship between important clinical and pathological characteristics and prognosis, a prognostic

nomogram model was constructed to predict OS and DFS at 1, 2, 3, 4, and 5 years (Figure 17).

In the OS prediction model, the tdAUC of the 1,2,3, and 5-year OS of the training and validation sets were 0.82 vs
0.746, 0.807 vs 0.746, 0.813 vs 0.811, and 0.749 vs 0.81, respectively (Figure 18), which were greater than the univariate

Hazard ratio

TIMP2 (N=118) (1_0(1)'91_0) ' 0.034 *
NLR (N=118) 10013 —a—] 0.049
tumor_nodes (N=118) (1_1;'_93_ 1) I . { 0.015*
ECOG (N=118) ooty F | | 0.068
# Events: 70; Global p-value (Log-Rank): 0.00046128
AIC: 593.72; Concordance Index: 0.68 1

1 1.5 2 2.5 3 3.5

Figure 15 A forest plot of overall survival (OS) in patients with HCC based on multivariate. *p < 0.05.
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Hazard ratio

TIMP2 (N=118) 1.06°1.0) . 0.197
NLR (N=118) (1.05%1.4) —a— 0.03*
differentiation-low (N=118) 098224 L | 0.064
cirrhosis (N=118) 105235 o | | 0.041 *
ECOG (N=118) 105219 } B | 0.03*

# Events: 86; Global p-value (Log-Rank): 9.8736e-05
AIC: 704.07; Concordance Index: 0.68 1
1 1.5 2 25 3 3.5 4

Figure 16 A forest plot of disease-free survival (DFS) in patients with HCC based on multivariate analysis. *p < 0.05.

tdAUC value in the model. In the training set and the validation set, the C-index of the nomogram model was 0.693 (95%
CI: 0.623—0.762) and 0.651 (95% CI. 0.783—0.518), respectively, which was better than that of the 8th edition AJCC
TNM staging system (0.628, 95% CI: 0.565-0.691; 0.585, 95% CI: 0.472—-0.697), the BCLC staging system (0.550, 95%
CI: 0.48 0.619; 0.575, 95% CI: 0.458-0.692) and CNLC staging system (0.554, 95% CI: 0.486—0.622; 0.561, 95% CI:
0.44-0.681; Figure 19A). In the DFS nomogram model of the training and validation sets, the C-index of the nomogram
model was 0.654 (95% CI: 0.574—0.733) and 0.68 (95% CI: 0.563—0.798), respectively, which was better than that of the
8th edition AJCC TNM staging system (0.569, 95% CI: 0.506—0.632; 0.572, 95% CI: 0.473—0.672), BCLC staging
system (0.562, 95% CI: 0.496—0.628; 0.572, 95% CI: 0.471-0.672) and BCLC staging system (0.554, 95% CI: 0.486
—0.622; 0.548, 95% CI: 0.442—-0.654; Figure 19B). In the DFS nomogram model of the training and validation sets, the
tdAUCs of the DFS rates at 1,2,3, and 5 years were 0.66 vs 0.712, 0.685 vs 0.722, 0.729 vs 0.774, and 0.763 vs 0.74,
respectively (Figure 20). In the validation cohort, the agreement between the predicted 2-year DFS curve and the actual
curve was slightly poor. In the training set, the consistency between the 1-year, 2-year, and 3-year OS prediction curves
and the actual curve was somewhat poor. The remaining predicted curves are in good agreement with the actual curves
(Figures 21 and 22). Compared with the AJCC TNM, BCLC, and CNLC stages, the nomogram prognostic model had
better net benefits for OS and DFS at 1-year, 2-year, 3-year, and S5-year in both the training and validation sets
(Figures 23 and 24).

Model Risk Stratification

Patients were divided into low -, intermediate -, and high-risk groups with 40.05 and 66.56 cutoff values (50th and 85th
percentiles of the score, respectively), calculated according to the nomogram for OS. Kaplan—Meier curves showed that
the median OS of low-risk, intermediate-risk, and high-risk groups was 96.4 m vs 25.6 m vs 9.5 m, and the difference
was statistically significant (P<0.01; Figure 25A).
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Figure 17 Nomograms for predicting the 1,2,3and5 year OS rate (A) and DFS rate (B) in patients with HCC.

According to the DFS nomogram, patients were divided into low -, intermediate -, and high-risk groups with 74.75
and 105.77 as cutoff values (50th and 85th percentiles, respectively). Kaplan—-Meier curves showed that the median DFS

of the low-risk, intermediate-risk, and high-risk groups was 60.4 m vs 6.5 m vs 2.1 m, and the difference was statistically

significant (P<0.01; Figure 25B).
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Figure 18 Time-dependent ROC curve of OS: (A) Time-dependent ROC curve of 1,2,3and5 year OS in the training set; (B) Time-dependent ROC curve of 1,2,3and5 year
OS in the testing set.

Discussion
Our study found that elevated TIMP-2 expression, was associated with increased risk of postoperative recurrence,
metastasis, and poor survival prognosis in patients with HCC. As an immune- and inflammation-related gene, TIMP-2
may regulate the immune microenviron and contribute to HCC occurrence, development, invasion, and metastasis.
Bioassays in this study revealed that the TIMP-2 high-expression group was mainly infiltrated by white blood cells,
such as CD4+ T and CD8+ T lymphocytes, macrophages, and natural killer cells. Neutrophil infiltration was primarily
observed in the low expression group of TIMP-2, where the major infiltration of neutrophils was observed.
T-lymphocytes play an antitumor immune role in the body. CD4+ T cells are helper T cells that kill tumor cells, while
CD8+ T cells include cytotoxic and inhibitory T cells that eliminate tumor cells and suppress immune response in the
body. Together, they maintain a normal immune response through dynamic balance.*® In this study, with an expanded
sample size, the results showed that peripheral blood neutrophil levels were higher in the low TIMP-2 expression group
than in the high TIMP-2 expression group (P<0.05). Further analysis found that leukocytes (y=0.24) and neutrophils
(y=0.19) were positively correlated with TIMP-2 protein expression (P<0.05). This suggests that there may be two
different TIMP-2-related immune phenotypes in the immune microenvironment of HCC, mainly infiltrated by pro-tumor
immune cells, which play a pro-tumor role. This effect is consistent with the poor prognosis of HCC. However, no
significant correlation was found between TIMP-2 expression and immune cells, such as lymphocytes and natural killer
cells, possibly due to the sample. A weak positive correlation was observed between CD8+ inhibitory lymphocytes and
TIMP-2 (y=0.14), suggesting a potential role of TIMP-2 in modulating inhibitory immune responses.

17 and Remacle et al'® found that

Currently, the expression and prognosis of TIMP-2 differ in different tumors. Albini et a
elevated TIMP-2 expression in breast cancer correlated with shorter survival time and higher risk of tumor metastasis and
recurrence. However, Braicu et al** studies in cervical cancer indicate that low TIMP-2 concentrations are significantly
associated with poorer OS, suggesting that high TIMP-2 concentrations are indicative of a more favorable prognosis. Lu et al'’
reported that TIMP-2 is associated with a good prognosis in renal cell carcinoma. Patients with hepatocellular and high TIMP-
2 expression had longer postoperative survival than those with low TIMP-2 expression.’' ***® The results of this study
showed that there were significant differences in the median OS (P<0.01) and DFS (P=0.01) between the high expression
group and low expression group of TIMP-2 in patients with HCC. The results of this study are different from those of previous
studies because TIMP-2 plays various roles in different TMEs. Another reason may be that in a TME with tumor and stromal

cells (fibroblasts, inflammatory cells, and endothelial cells), the role of TIMP-2 is first of all an MMP-independent function
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Figure 19 Comparison of the C-indexes of OS and DFS between nomograms and the AJCC 8thTNM, BCLC and CNLC staging system: (A) C-indexes of OS; (B) C-indexes

of DFS.
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Figure 20 Time-dependent ROC curve of DFS: (A) Time-dependent ROC curve of 1,2,3and5 year DFS in the training set; (B) Time-dependent ROC curve of
1,2,3and5 year DFS in the testing set.

and finally the MMP-inhibitory activity of TIMP-2."” However, it is generally suggested that TIMP-2 is related to the
prognosis of patients with tumor, and it can be used as a marker to monitor tumor recurrence, metastasis, and prognosis.

In recent years, the relationship between peripheral blood immune inflammatory indicators and tumor prognosis has
become a research hotspot. The peripheral blood immune inflammation indicators NLR and SII are used as new markers
to predict tumor prognosis.***' This study showed that there was no significant difference in the NLR and SII values
between the TIMP-2 high-expression group and the low-expression group; however, there was a trend for the TIMP-
2 high-expression group to be higher than the low-expression group. Further analysis of the correlation between TIMP-2
expression and NLR value and SII value showed that SII value (y=0.22) was significantly positively correlated with
TIMP-2 expression (P=0.02). The expression of TIMP-2 affects changes in SII values. As TIMP-2 levels increased, the
SII increased. There was a trend of positive correlation between NLR value (y=0.17) and TIMP-2 expression, but the
significance was not significant (P>0.05). There may be a positive correlation between the expression of immune
inflammatory cells, leukocytes, and neutrophils, and the immune inflammatory indicators SII, NLR, and TIMP-2 in
the peripheral blood. These results provided further evidence that TIMP-2 plays an important role in the HCC TME.
TIMP-2 expression reflects, to a certain extent, the balance between immune and inflammatory reactions in the TME.

C**™* and can be an independent predictor of poor prognosis

High NLR is closely associated with poor prognosis of HC
in patients with HCC.*® The results of Cox analysis in this study showed that a high NLR was an independent risk factor
affecting OS and DFS in patients with HCC (P<0.05), and was associated with a poor prognosis of HCC. It has been
suggested that NLR has a good predictive value for the prognosis and recurrence of HCC. As a comprehensive indicator
of inflammation that integrates neutrophil, lymphocyte, and platelet counts, the SII can reflect a patient’s systemic
immune-inflammatory status. Recent studies have suggested that the SII is associated with poor survival and prognosis of
HCC.*' The results of this study show that the SII is a risk factor for DFS in patients with HCC. The higher the SII value,
the shorter the survival time of patients with HCC.

This study included TIMP-2, NLR, tumor number, and ECOG score to establish a nomogram prediction model for OS
after HCC to predict the 1-, 2-, 3-, 4-, and 5-year survival rates of patients with HCC. Histopathological differentiation,
NLR, liver cirrhosis, ECOG score, and TIMP-2 were used to establish a nomogram prediction model for DFS after HCC
to predict the 1-year, 2-year, 3-year, and 5-year DFS rates. Both nomogram prediction models for OS and DFS were
superior to traditional staging systems. This shows that the prediction model has good stability and consistency and may
have good predictive value for the 5-year survival rate and DFS rate of patients with HCC after surgery. Chen et al*’
incorporated PLR, NLR, and SII to establish an OS model based on inflammatory indicators to predict survival within 5
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Figure 21 Calibration curves of OS: (A) Calibration curves of 1,2,3and5 year OS in the training set; (B) Calibration curves of 1,2,3and5 year OS in the testing set.
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Figure 23 Comparison of decision curve analyses (DCA) of 1,2,3and5 year OS between nomogram and the AJCC 8thTNM, BCLC and CNLC staging system: (A) DCA of
1,2,3and5 year OS in the training set; (B) DCA of 1,2,3and5 year OS in the testing set.
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Figure 25 Kaplan-Meier curves for OS and DFS in the low-risk, intermediate-risk, and high-risk groups defined by the prognostic nomograms: (A) Kaplan-Meier curves for
OS, (B) Kaplan-Meier curves for DFS.

years after HCC surgery, which has good predictive value for survival within 5 years., It is better than traditional staging
systems. Fu et al*® developed an immune infiltration cell model after HCC surgery based on a large amount of single-cell
RNA sequencing data, which had predictive power for the DFS rate within 5 years. It can be seen that the inflammatory
response plays an important role in the occurrence, development, and evolution of HCC, and is related to prognosis.
Including this in the establishment of a model can improve its predictive ability. The predictive model developed in this
study has the advantages of incorporating fewer variables and being easy to operate. The model includes the HCC
immune-related gene TIMP-2, inflammatory indicators, and clinicopathological characteristics, and is superior to
commonly used staging systems. Although the nomogram model in this study showed good performance in internal
verification, the lack of external verification with independent cohorts remains a limitation, underscoring the need for
future verification with larger external samples.

TIMP-2 may be involved in the regulation of the immune microenvironment in HCC as an inflammation-related gene. TIMP-
2 plays an important role in the immune microenvironment of HCC and participates in the occurrence, development, invasion,
and metastasis of HCC, with a pro-tumor role. TIMP-2 was highly expressed in HCC tissues. It is closely related to the survival
and prognosis of patients with HCC, and can reflect the balance between immunity and inflammation in the body to a certain
extent. TIMP-2 expression is an independent predictor of OS in patients with HCC The higher the expression level of TIMP-2,
the more likely patients are to have recurrence and metastasis, shorter OS, and worse survival prognosis. The prognostic model
established by TIMP-2 shows good clinical practicality for predicting patient survival time and DFS, monitoring postoperative
recurrence, and judging. However, further clinical verification with a larger sample size is required. These findings suggest that
TIMP-2 is an effective biomarker for monitoring HCC recurrence and metastasis, assessing recurrence risk, determining

prognosis, and predicting immunotherapy responses. Its biological roles and prognostic values are promising.

Conclusion

TIMP-2 potentially acting as an immunoinflammatory gene may regulate the immune microenvironment of HCC,
thereby influencing tumor occurrence, development, invasion, and metastasis. Its expression is an independent risk
factor for OS in patients with HCC. Consequently, the nomogram prediction model for postoperative OS and DFS in
HCC, developed using TIMP-2, offers a degree of predictive capability for patient survival prognosis and recurrence risk

after surgery.
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