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Abstract
BACKGROUND
Most hepatocellular carcinomas (HCCs) are hypervascular, with characteristic features of hepatic arterial supply to the tumor. The factors involved in tumor angiogenesis include angiopoietin-1 (Ang-1), angiopoietin-2 (Ang-2), and vascular endothelial growth factor (VEGF).

AIM
To investigate the profiles of plasma levels of angiogenesis markers in patients with HCC and evaluate their roles in predicting overall survival (OS) and progression-free survival (PFS).

METHODS
Plasma samples from 240 prospectively enrolled HCC patients in the very early to advanced stages were used to measure the levels of Ang-1, Ang-2, and VEGF. Their associations with clinical characteristics, OS, and PFS were analyzed.

RESULTS
The median plasma levels of Ang-1, Ang-2, and VEGF were 3216 pg/mL, 1684 pg/mL, and 26.5 pg/mL, respectively. The plasma level of Ang-2 showed a significant increase from early stage [Barcelona clinic liver cancer (BCLC) A] to intermediate (BCLC B) and advanced stage HCC (BCLC C/D), whereas Ang-1, VEGF, and alpha-fetoprotein (AFP) levels in the plasma did not show any such changes. Multivariable analysis, propensity score-matched analysis, and time-dependent receiver operating curve analysis revealed that Ang-2 levels had the highest predictive power for OS and PFS. Neither Ang-1 nor VEGF was significantly associated with OS or PFS. The neutrophil-to-lymphocyte ratio was an independent factor for OS and PFS. 

CONCLUSION
The plasma levels of Ang-2 correlated with liver function, tumor stage, and tumor invasiveness, showing better performance in predicting OS and PFS than AFP, Ang-1, or VEGF.
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Core Tip: Most hepatocellular carcinomas (HCCs) are hypervascular tumor, thus angiogenesis markers can be a potential biomarker. This study explored the potential of each plasma level of angiopoietin (Ang)-1, Ang-2, and vascular endothelial growth factor as a prognostic biomarker for very early to advanced stages of HCC via detailed analysis in comparison with alpha-fetoprotein. The plasma level of Ang-2 correlated with liver function, tumor stage, and tumor invasiveness. Multivariable and propensity score-matched analyses revealed Ang-2 levels with the highest predictive power for overall survival in patients with HCC. 


INTRODUCTION
Hepatocellular carcinoma (HCC) is the third most common malignancy in men seventh in women, and the second leading cause of cancer-related deaths worldwide[1]. Most HCCs are hypervascular with characteristic features of hepatic arterial supply to the tumor, frequent portal vein invasion, and intrahepatic metastasis. Based on these characteristics, the diagnosis of HCC based on radiological criteria was established to minimize the bleeding and seeding complications of tumor biopsy in most cases. 
Therapeutically, transarterial chemoembolization (TACE), a standard treatment modality for the intermediate stage of HCC, uses the characteristic tumor blood supply for the selective arterial delivery of chemotherapeutic agents and the blockade of tumor-supplying vessels with embolic material. In advanced-stage HCC, several targeted therapeutics, including sorafenib, regorafenib, lenvatinib, ramucirumab, and cabozantinib, inhibit the angiogenic pathway along with other signaling pathways[2-4]. Recently, the combination of an anti-angiogenic agent and an immune checkpoint inhibitor showed a superior effect to sorafenib in the treatment of advanced HCC[5]. Therefore, the development of biomarkers for angiogenesis to assess treatment response and prognosis for HCC is becoming important. 
Angiogenesis, the formation of new blood vessels from pre-existing ones, is a fundamental process in HCC development, progression, and metastasis[6,7]. In contrast to normal vessels, tumor vessels have highly proliferative endothelial cells with a leaky vasculature, which is unable to provide oxygen and nutrient supply to the tumor, leading to aberrant tumor microenvironments. The factors involved in tumor angiogenesis include vascular endothelial growth factor (VEGF), angiopoietin (Ang), fibroblast growth factor, epidermal growth factor, insulin-like growth factor, and platelet-derived growth factor. This makes the tumor angiogenesis system highly complex[8]. Among these, VEGF and Ang-tyrosine kinase with Ig and EGF homology domains-2 (Tie2) pathways, including Ang-1 and Ang-2[7,9,10], are the two dominant therapeutic targets of anti-angiogenesis in HCC. 
However, investigations on the prognostic value of blood angiogenesis biomarkers across all HCC stages till date are limited. Therefore, this study aimed to investigate the plasma levels of Ang-1, Ang-2, and VEGF, and to evaluate their roles in predicting the overall survival (OS) and progression-free survival (PFS) in patients with very early to advanced stages of HCC.

MATERIALS AND METHODS
Study subjects
A total of 251 newly diagnosed HCC patients who agreed to the collection of their information and blood samples at the time of diagnosis were prospectively enrolled in the Hepatology unit of the Seoul National University Bundang Hospital (SNUBH) between March 2012 and April 2016 (Supplementary Figure 1). Patients with extrahepatic malignancies that might affect survival (n = 9) and those with combined hepatocellular cholangiocarcinoma (n = 2) were excluded accordingly. The final HCC group hence, included 240 patients. HCC diagnosis was based on histologic examination and/or typical features (nodules ≥ 1 cm with arterial hypervascularity and portal or delayed washout) on dynamic computed tomography and/or magnetic resonance imaging[11]. Written informed consent was obtained from each HCC patient after approval by the Institutional Review Board (IRB) of the SNUBH. (IRB No. B-1201/143-002)

Data collection and follow-up of patients with HCC
Clinical and pathological data of the HCC group were collected from electronic medical records. Data included age, sex, height, weight, etiology of HCC, comorbidities, complete blood cell count, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), blood levels of alpha-fetoprotein (AFP), serum aspartate aminotransferase, alanine aminotransferase, albumin, total bilirubin, prothrombin time expressed as the international normalized ratio, creatinine, Child-Pugh score and class, model for end-stage liver disease (MELD) score, tumor size, tumor number, tumor distribution, presence of macrovascular invasion and/or distant metastasis, tumor-node metastasis (TNM) stage based on the American Joint Committee on Cancer, 8th edition[12], and Barcelona clinic liver cancer (BCLC) stage[2,3].
The primary outcome was OS, and the secondary outcome was the PFS. The index date was defined as the date when patients were diagnosed with HCC on their first liver protocol computed tomography or magnetic resonance imaging. The HCC patients were followed up until December 2019 for a median duration of 3.6 years. The mortality of each patient was confirmed by the requested data from Statistics Korea, and the cause of death was checked with the help of their medical records. PFS was estimated as the interval between the date of diagnosis and the date of progression confirmed on imaging study, death, or the end of follow-up. 

Measurement of plasma levels of Ang-1, Ang-2, and VEGF in HCC patients 
Blood samples were collected from patients with HCC before treatment. The collected samples were centrifuged at 4000 × g for 10 min to obtain plasma and stored at −70 °C until use. Plasma levels of Ang-1, Ang-2, and VEGF were measured using a commercial enzyme-linked immunoassay (Luminex® screening and performance assays, R&D systems, Minneapolis, MN, United States) according to the manufacturer’s instructions. All samples were analyzed at least twice.

Statistical analysis
The baseline characteristics of the patients were compared using the chi-square test for categorical variables, and a t-test was used to compare continuous variables. Spearman rank correlation was used to calculate the correlation coefficient between the ranked variables. OS and PFS were estimated using the Kaplan–Meier method and compared using the log-rank test. The Cox proportional hazards model was employed to determine the hazard ratio (HR) of OS and PFS in the univariate and subsequent multivariate analyses. 
The prognostic values of the plasma biomarkers were determined by time-dependent receiver operating characteristic (ROC) curve analysis from censored survival data using the nearest-neighbor estimation method. All P-values were two-sided, and values < 0.05, were considered significant. SPSS (version 21; SPSS, Inc., Chicago, IL, United States) and R (version 3.6.3., http://cran.r-project.org/) software was used for the statistical analyses. 
To confirm the prognostic value of Ang-2 by reducing the impact of potential confounding effects, significant differences in baseline characteristics between the high and low Ang-2 groups were adjusted by propensity score (PS) matching. We used nearest-neighbor matching with a caliper size of 0.1, and matched the patients in a 1:1 ratio. 

RESULTS
Baseline characteristics and plasma levels of Ang-1, Ang-2, VEGF, and AFP in patients with HCC 
Baseline characteristics of the subjects are presented in Table 1. The 240 HCC patients had a mean age of 60.9 years, and there was a male proportion of 80.4%. The etiologies of HCC were as follows: Hepatitis B virus (HBV) (69.6%), hepatitis C virus (10.0%), alcohol (11.7%), and others (7.9%). The HCC group included patients with Child-Pugh class B or C (14.9%), TNM stage I or II (65.5%), and BCLC stage 0 or A (55.5%) (Table 1). There were no missing values for the variables.
The median plasma levels of Ang-1, Ang-2, VEGF, and AFP were 3216 pg/mL, 1684 pg/mL, 26.5 pg/mL, and 17.9 ng/mL, respectively. All biomarkers showed an increasing trend as the BCLC stage progressed (Figure 1). However, only the median plasma level of Ang-2 showed a significant increase from the early stage HCC (BCLC A: 1289 pg/mL) to intermediate (BCLC B; 1808 pg/mL) and advanced stage HCC (BCLC C/D; 3653 pg/mL), whereas Ang-1, VEGF, and AFP levels did not show any changes. Ang-2 and AFP levels showed an increasing trend as the TNM stage progressed, while Ang-1 and VEGF levels did not (Supplementary Figure 2). NLR and PLR showed an increasing trend as the BCLC stage progressed (Supplementary Figure 3).

Factors correlated with plasma levels of Ang-1, Ang-2, and VEGF in HCC patients with their interrelationship 
The correlation plot between each plasma level of the three biomarkers and clinical factors is shown in Figure 2. Ang-2 levels were significantly correlated with tumor extent and poor liver function, while VEGF levels were correlated with tumor extent. Meanwhile, the rho value between Ang-1 or VEGF levels and liver function or tumor extent was not significant. Ang-2 was significantly correlated with both NLR and PLR, while Ang-1 and VEGF were correlated with PLR only. Ang-2 levels were not correlated with VEGF, but negatively correlated with Ang-1 levels. Meanwhile, Ang-1 was positively correlated with VEGF levels in the HCC group (Figure 2).
The median plasma levels of Ang-2 and VEGF did not differ according to the etiology of HCC (Supplementary Figure 4A and B). The correlation plot between each plasma level of the biomarkers and etiology is shown in Supplementary Figure 4C and D among CHB patients (n = 156). HBV DNA levels were not significantly correlated with either Ang-2 or VEGF levels. 
The comparison of the clinical factors between high- and low-level groups of Ang-2 or VEGF using the median level as a cutoff is shown in Supplementary Table 1. The high Ang-2 and high VEGF groups showed more advanced tumor stages than the low Ang-2 and low VEGF groups. The high Ang-2 group had a significantly higher proportion of Child-Pugh class B or C than the low Ang-2 group (26.1% vs 4.1%, P < 0.001). On the contrary, the high VEGF group showed a significantly lower MELD score than the low VEGF group (3.8 vs 5.6%, P = 0.01). The NLR and PLR of the high Ang-2 group were significantly higher than those of the low Ang-2 group (3.5 vs 2.2%, P = 0.007; 138.3 98.5. P = 0.01). However, there was no difference in the NLR and PLR between the high and low VEGF groups.
Potential of the plasma levels of Ang-1, Ang-2, or VEGF as prognostic markers for HCC compared to AFP level in the aspect of OS
During a median follow-up of 3.6 years, 118 deaths were observed in the HCC group. The OS curves between the low and high levels of Ang-1, Ang-2, VEGF, and AFP using the median level as a cutoff are shown in Figure 3. The OS was significantly shorter in the high Ang-2 group [HR 4.76, 95% confidence interval (CI): 3.15–7.19, P < 0.001; Figure 3B] and high AFP group (≥20 ng/mL) (HR 2.97, 95%CI: 2.02–4.37, P < 0.001; Figure 3D) than in the low Ang-2 and low AFP groups, respectively. However, the OS rate was not significantly different between the high and low Ang-1 groups (HR 1.02, 95%CI: 0.71-1.56, P = 0.82; Figure 3A) and between the high and low VEGF groups (HR 1.39, 95%CI: 0.97–2.00, P = 0.07; Figure 3C). 
The results of the univariate and multivariate analyses for the factors associated with OS are shown in Table 2. The high Ang-2 group was an independent factor (HR 5.96, 95%CI: 1.58–22.43, P < 0.001) associated with OS, along with NLR (HR 4.45, 95%CI: 1.77–11.23, P = 0.002), Child-Pugh class B or C, and TNM stage. Meanwhile, VEGF and AFP levels were not associated with OS (Table 2).
To analyze the survival prediction power of Ang-2 levels, time-dependent area under the ROC (AUROC) analysis for survival prediction showed that the AUROC of baseline Ang-2 levels (0.909) for the 1-year survival prediction was significantly higher than that of AFP (AUROC 0.817, P = 0.03), Ang-1 (AUROC 0.535, P < 0.001), and VEGF (AUROC 0.577, P < 0.001; Figure 4). The AUROC of Ang-2 (0.873) for the two-year survival prediction was also significantly higher than that of AFP (AUROC 0.767, P = 0.01), Ang-1 (AUROC 0.541, P < 0.001), and VEGF (AUROC 0.581, P < 0.001). Moreover, baseline Ang-2 levels showed better survival predictive power than the other plasma biomarkers throughout the 5 years (Figure 4).
PS-matching yielded 37 matched pairs of patients from the high Ang-2 and low Ang-2 groups (Supplementary Table 2). Within this matched cohort, there were no significant between-group differences in most baseline characteristics, except for the proportion of male patients (75.8% vs 83.8%). The high Ang-2 group showed a significantly higher risk of death (HR 2.29, 95%CI: 1.10–4.76, P = 0.03) than the low Ang-2 group (Supplementary Figure 5A).

Potential of the plasma levels of Ang-1, Ang-2, or VEGF as prognostic markers for HCC compared to AFP level in terms of PFS
During the median follow-up period, 171 progressions and 18 deaths were observed in the HCC group. The PFS curve between low and high levels of Ang-1, Ang-2, VEGF, and AFP using the median level as a cutoff are shown in Figure 5. The PFS was significantly shorter in the high Ang-2 group (HR 2.53, 95%CI: 1.89–3.39, P < 0.001; Figure 5B) and high AFP group (≥ 20 ng/mL) (HR 2.27, 95%CI: 1.71–3.04, P < 0.001; Figure 5D) than in the low Ang-2 and low AFP groups, respectively. However, the PFS rate was not significantly different between the high and low Ang-1 groups (HR 1.31, 95%CI: 0.99–1.74, P = 0.06; Figure 5A) or between the high and low VEGF groups (HR 1.29, 95%CI: 0.97–1.71, P = 0.08; Figure 5C). 
The results of univariate and multivariate analyses for the factors associated with PFS are shown in Table 3. The high Ang-2 group was an independent factor (HR 1.55, 95%CI: 1.10–2.20; P = 0.01) associated with PFS, along with NLR (HR 1.95, 95%CI: 1.23–3.08, P = 0.004), AFP (HR 1.54, 95%CI: 1.13–2.11, P = 0.007), Child-Pugh class B or C, BMI, and TNM stage. However, VEGF and PLR were not (Table 3). 
Within 37 pairs of PS-matched cohorts, PFS was not significantly different between the high and low Ang-2 groups (HR 1.19, 95%CI: 0.72–1.96, P = 0.51; Supplementary Figure 5B). This is probably due to the small sample size of PFS during follow-up. 

DISCUSSION
This study explored the potential of each plasma level of Ang-1, Ang-2, and VEGF as a prognostic biomarker for very early to advanced stages of HCC via detailed analysis in comparison with AFP. Multivariable and PS-matched analyses revealed Ang-2 levels with the highest predictive power for OS in patients with HCC. Moreover, Ang-2 and AFP levels were independent factors for PFS. In contrast, neither Ang-1 nor VEGF was significantly associated with OS or PFS. NLR was an independent factor for both OS and PFS.
In this study, the median levels of Ang-1, Ang-2, and VEGF were lower than those in previous reports that included only patients with advanced-stage HCC, mostly treated with sorafenib. This may be due to the relatively low proportion of advanced-stage HCC cases included in this study (27%). Ang-2 levels were higher in patients with advanced HCC than in those with early HCC. Moreover, the majority of our patients underwent locoregional therapy (radiofrequency ablation, 11.3%; TACE, 69.2%). Ang-2 Levels showed a positive correlation with liver function indicators, such as MELD score and Child-Pugh score, and tumor extent or aggressiveness, which are the two major axes of HCC prognosis. Similarly, a recent study reported that Ang-2 levels were associated with 90-d mortality, acute kidney injury stage, and risk of renal replacement therapy in a cohort of patients with decompensated cirrhosis[13]. Meanwhile, Ang-1 and VEGF levels were generally associated with tumor extent rather than liver function. Therefore, this study suggests that Ang-2 levels are better prognostic biomarkers for HCC than Ang-1 or VEGF levels, especially after locoregional treatment. 
The potential of Ang-2 as a prognostic marker was confirmed by survival analysis. Our multivariable analysis showed that the plasma level of Ang-2 (median 1684 pg/mL), but not of VEGF (median 26.5 pg/mL), was an independent predictor of OS. In addition, time-dependent ROC curve analysis also demonstrated that Ang-2 level is a better predictor of OS than AFP, Ang-1, and VEGF levels, which was supported by PS-matched analysis. 
Several studies have investigated the prognostic role of Ang-2 in patients with advanced HCC. In 2013, Miyahara et al[14] investigated eight cytokine levels in 120 patients with advanced HCC who were treated with sorafenib. The results showed that the Ang-2 level (median, 721.3 pg/mL) was associated with OS and PFS, but VEGF (median 68.6 pg/mL) was not[14]. This result is consistent with that of our study. However, in our study, the median levels of Ang-2 (1684 pg/mL) and VEGF (26.5 pg/mL) were different. Llovet et al[15] reported that the plasma levels of Ang-2 (median, 6043.5 pg/mL) and VEGF (median, 1019 pg/mL) were independent predictors of OS in 602 advanced HCC enrolled in the phase 3, randomized controlled sorafenib HCC assessment randomized protocol (SHARP) trial, both of which were not significant response-prediction biomarkers in the sorafenib-treated cohort[15].
In a Chinese study of 173 HCC patients, Ang-2 level (mean, 18000 pg/mL) was an independent prognostic factor with a cutoff level of 6433 pg/mL[16]. Pestana et al[6] reported that a high plasma Ang-2 level (above mean value of 15300 pg/mL) was associated with lower OS, but a high Ang-1 level (above mean value of 16000 pg/mL) was associated with longer OS in 767 HCC patients treated at MD Anderson Cancer Center (77% in advanced stage)[6]. In this study, the Ang-1 and Ang-2 levels were markedly higher than that of ours and of previous studies because they showed mean rather than median values and used a different ELISA kit. A small-scale study in Spain (n = 33) showed that Ang-2 levels in peripheral blood and hepatic veins were well correlated (r = 0.95), and serum Ang-2 levels were significantly associated with tumor extent and aggressiveness. However, it was not related to treatment response.
VEGF is secreted by HCC cells and enhances endothelial cell survival, proliferation, invasion, and migration in response to tumor hypoxia[9]. Ang-1 and Ang-2 are both secreted proteins with 60% amino acid sequence homology, and they interact with Tie2, the endothelial cell-specific tyrosine kinase receptor[10]. While Ang-1 binds Tie2 to promote vessel stability and quiescence, Ang-2 binds to Tie2 to promote vessel permeability, instability, and eventual tissue hypoxia. This antagonistic relationship was consistent with the negative correlation between the plasma levels of Ang-1 and Ang-2 in our study. Angiogenic switch by Ang-2 promotes VEGF expression and promotes tumor angiogenesis.
On the other hand, Ang-2 acts as a chemoattractant by promoting recruitment of proangiogenic myeloid cells, especially Tie2 expressing macrophages (TEMs)[17,18]. TEMs become more proangiogenic and immunosuppressive in the tumor microenvironment. This is a potential mechanism for resistance to antiangiogenic therapy and poor survival in patients with high Ang-2 expression in HCC[19]. Interestingly, NLR and PLR, both inflammatory biomarkers, were significantly correlated with Ang-2 levels in this study. A recent meta-analysis showed that preoperative NLR was positively correlated with the risk of microvascular invasion in HCC[20]. Moreover, many studies have confirmed that a high baseline NLR is an independent factor for OS and PFS[21-23]. This is consistent with the results of our study.
Angiogenesis inhibitors have become an important therapeutic approach for the treatment of solid cancers. First-generation anti-angiogenic agents, including bevacizumab, sorafenib, pazopanib, vandeltanib, cabozantinib, axitinib, VEGF-trap ziv-aflibercept, and ramucirumab, target VEGF signaling[8]. Second-generation antiangiogenic agents, including trebananib, nesvacumab, rebastinib, and MEDI3617, target Ang/Tie2 signaling in clinical development[8,19,24]. However, resistance to these agents, lack of improvement of OS, and common adverse events, including hypertension and bleeding, are challenges faced by current anti-angiogenic therapies. Therefore, combination therapy of VEGF and Ang-2 targeted agents as well as a combination of anti-angiogenic and chemotherapeutic agents, radiation, or immune modulators are being developed accordingly. Recent studies suggested that predicting OS was made possible by periodically measuring serum angiogenic cytokines, especially Ang-2 or VEGF, in patients with HCC treated with sorafenib or lenvatinib[14,25,26]. Moreover, a single-nucleotide polymorphism of Ang-2 is an independent prognostic factor for sorafenib-treated advanced HCC[27]. A high increase in the serum VEGF level after TACE among patients with HCC was associated with distant metastasis and unfavorable outcomes[28,29]. Therefore, identifying tumors using circulating biomarkers that are sensitive to antiangiogenic therapy and predictive of OS and PFS could improve therapeutic approaches.
This study had several limitations. First, this was a single-center study in an HBV-endemic area[30]. Although there was no difference in Ang-2 and VEGF levels according to the etiology of HCC in this study, the results need external validation. Second, the angiogenic biomarkers were measured only once at the time of HCC diagnosis, so the longitudinal profile according to tumor progression or treatment response could not be analyzed. Third, this study did not evaluate the plasma levels of these three angiogenesis factors in normal control subjects or cirrhotic patients because we focused on the role of Ang-1, Ang-2, and VEGF as prognostic rather than diagnostic markers. Fourth, this study did not evaluate other valuable angiogenesis markers, such as microvessel density, PDGF/PDGFR, FGF/FGFR, and endoglin (CD105)[9,31]. Further comprehensive studies including these angiogenesis markers are hence needed. Lastly, the number of patients who underwent surgery and sorafenib treatment was small. Therefore, it is difficult to generalize that angiogenesis markers can predict the prognosis of patients receiving these treatments. 

CONCLUSION
In conclusion, the plasma level of Ang-2 correlated with liver function, tumor stage, and tumor invasiveness. It also performed better than AFP, Ang-1, and VEGF in terms of predicting OS and PFS. 

ARTICLE HIGHLIGHTS
Research background
Most hepatocellular carcinomas (HCCs) are hypervascular, with characteristic features of hepatic arterial supply to the tumor. The factors involved in tumor angiogenesis include angiopoietin-1 (Ang-1), angiopoietin-2 (Ang-2), and vascular endothelial growth factor (VEGF). 

Research motivation
Angiogenesis markers can be a potential biomarker. 

Research objectives
To investigate the profiles of plasma levels of angiogenesis markers in patients with HCC and evaluate their roles in predicting overall survival (OS) and progression-free survival (PFS).

Research methods
Plasma samples from 240 prospectively enrolled HCC patients in the very early to advanced stages were used to measure the levels of Ang-1, Ang-2, and VEGF. Their associations with clinical characteristics, OS, and PFS were analyzed.

Research results
The plasma level of Ang-2 correlated with liver function, tumor stage, and tumor invasiveness. Multivariable and propensity score-matched analyses revealed Ang-2 Levels with the highest predictive power for OS in patients with HCC. 

Research conclusions
The plasma levels of Ang-2 can be a better biomarker than AFP in predicting OS or RFS.

Research perspectives
Identifying HCCs using circulating biomarkers that are sensitive to antiangiogenic therapy and predictive of OS and PFS could improve therapeutic approaches.
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Figure 1 Plasma levels of angiopoietin-1, angiopoietin-2, vascular endothelial growth factor, and alpha fetoprotein in the hepatocellular carcinoma patients according to tumor stage. A: Angiopoietin-1; B: Angiopoietin-2; C: Vascular endothelial growth factor; D: Alpha-fetoprotein. AFP: Alpha-fetoprotein; Ang-1: Angiopoietin-1; Ang-2: Angiopoietin-2; BCLC: Barcelona clinic liver cancer; VEGF: Vascular endothelial growth factor.
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Figure 2 Factors correlated with plasma level of angiopoietin-1, angiopoietin-2 and vascular endothelial growth factor in hepatocellular carcinomas patients with their interrelationship. The heat map showing a red background indicates a positive correlation, the blue background indicates negative correlation, and the numbers in the box indicate rho (ρ). AFP: Alpha-fetoprotein; Ang-1: Angiopoietin-1; Ang-2: Angiopoietin-2; BCLC: Barcelona clinic liver cancer; BMI: Body mass index; MELD: Model for end stage liver disease; NLR: Neutrophil-lymphocyte ratio; PLR: Platelet-lymphocyte ratio; VEGF: Vascular endothelial growth factor.
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Figure 3 Overall survival according to plasma angiogenesis marker level. A: Angiopoietin-1; B: Angiopoietin-2; C: Vascular endothelial growth factor; D: Alpha-fetoprotein. AFP: Alpha-fetoprotein; Ang-1: Angiopoietin-1; Ang-2: Angiopoietin-2; VEGF: Vascular endothelial growth factor; HR: Hazard ratio; CI: Confidence interval.
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Figure 4 Time-dependent receiver operating characteristic for survival at each time point. AFP: Alpha-fetoprotein; Ang-1: Angiopoietin-1; Ang-2: Angiopoietin-2; VEGF: Vascular endothelial growth factor; ROC: Receiver operating characteristic; AUC: Area under the ROC curve.
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Figure 5 Progression-free survival according to plasma angiogenesis marker level. A: Angiopoietin-1; B: Angiopoietin-2; C: Vascular endothelial growth factor; D: Alpha-fetoprotein. AFP: Alpha-fetoprotein; Ang-1: Angiopoietin-1; Ang-2: Angiopoietin-2; VEGF: Vascular endothelial growth factor; HR: Hazard ratio; CI: Confidence interval.

Table 1 Baseline characteristics and plasma levels of angiopoietin-1, angiopoietin-2, and vascular endothelial growth factor 
	Characteristic
	HCC patients (n = 240)

	Age, mean age ± SD, year
	60.9 ± 11.2 

	Male sex, n (%)
	193 (80.4)

	BMI, mean ± SD, kg/m2
	24.1 ± 3.0

	Etiology, n (%)
	

	HBV/HCV/HBV + HCV
	167 (69.6)/24 (10)/2 (0.8)

	Alcohol/Others
	28 (11.7)/19 (7.9)

	Presence of cirrhosis, n (%)
	184 (76.7)

	Child-Pugh score, n (%)
	

	A/B/C
	204 (85.1)/35 (14.5)/1 (0.4)

	ECOG performance status, n (%)
	

	0/1–2/3
	156 (65)/80 (33.3)/4 (1.7)

	Maximal tumor size, median (IQR), cm
	3.6 (2.0–7.0)

	Multi-nodularity of tumor, n (%)
	105 (43.8)

	Vascular invasion of HCC, n (%)
	45 (18.8)

	Presence of distant metastasis, n (%)
	18 (7.5)

	BCLC staging, n (%)
	

	0/A
	52 (21.7)/81 (33.8)

	B/C/D
	43 (17.9)/59 (24.6)/5 (2.1)

	TNM staging, n (%)
	

	I/II
	115 (48.0)/42 (17.5)

	III/IV
	65 (27.1)/18 (7.5)

	Initial treatment, n (%)
	

	Resection
	34 (14.2)

	RFA/TACE
	27 (11.3)/165 (69.2)

	Sorafenib/BSC
	2 (0.8)/11 (4.6)

	Laboratory results
	

	WBC, median (IQR), × 103/uL
	5.1 (4.0–6.6)

	Hemoglobin, median (IQR), g/dL
	13.6 (12.0–14.8)

	Platelet count, median (IQR), × 109/uL
	130 (88–184)

	Prothrombin time, median (IQR), INR
	1.11 (1.04–1.18)

	AST, median (IQR), IU/mL
	45 (32–73)

	ALT, median (IQR), IU/mL
	38 (23–61)

	Albumin; median (IQR), g/dL
	4.0 (3.5–4.2)

	Total bilirubin, median (IQR), mg/dL
	0.8 (0.5–1.1)

	Creatinine, median (IQR), mg/dL
	0.8 (0.7–1.0)

	AFP, median (IQR), ng/mL
	17.9 (4.0–698)

	Angiogenesis marker
	

	Ang-1, median (IQR), pg/mL
	3216 (1565–6266)

	Ang-2, median (IQR), pg/mL
	1684 (1107–3064)

	Ang-2/Ang-1 ratio, median (IQR)
	0.56 (0.25–1.39)

	VEGF, median (IQR), pg/mL
	26.5 (13.8–51.3)

	NLR, mean ± SD
	2.8 ± 3.5

	PLR, mean ± SD
	118.2 ± 119.7


AFP: α-feto protein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; BCLC: Barcelona clinic liver cancer; BSC: Best supportive care; ECOG: Eastern Cooperative Oncology Group; HCC: Hepatocellular carcinoma; IQR: Interquartile range; NLR: Neutrophil-lymphocyte ratio; SD: Standard deviation; TNM: Tumor-node-metastasis; PLR: Platelet-lymphocyte ratio; VEGF: Vascular endothelial growth factor; WBC: White blood cell.

Table 2 Univariate and multivariate analysis on the factors predictive for poor overall survival in hepatocellular carcinoma patients
	Variable
	Univariate analysis
	Multivariable analysis

	
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Ang-2 group (cut-off: Median level) 
	
	
	
	

	Low Ang-2 group
	Reference
	–
	Reference
	–

	High Ang-2 group
	4.76 (3.15 – 7.20)
	< 0.001
	5.96 (1.58–22.43)
	< 0.001

	VEGF group (cut-off: Median level)
	
	
	
	

	Low VEGF group
	Reference
	–
	Reference
	–

	High VEGF group
	1.39 (0.97–2.00)
	0.07
	0.80 (0.33–1.98)
	0.63

	Ang-2/Ang-1 ratio
	1.02 (0.94–1.06)
	0.26
	–
	–

	AFP (≥ 20 ng/mL)
	2.97 (2.02–4.37)
	< 0.001
	2.63 (0.85–8.09)
	0.09

	Age
	1.00 (0.98–1.02)
	0.93
	–
	–

	Male sex
	1.05 (0.68–1.64)
	0.82
	–
	–

	BMI > 25 mg/m2
	0.70 (0.47–1.03)
	0.07
	–
	–

	Presence of cirrhosis
	1.02 (0.67–1.57)
	0.92
	–
	–

	Child-Pugh class B or C
	3.68 (2.42–5.58)
	< 0.001
	5.59 (2.44–12.81)
	< 0.001

	NLR
	3.24 (1.49–7.06)
	0.003
	4.45 (1.77–11.23)
	0.002

	PLR
	2.68 (1.26–5.70)
	0.01
	0.56 (0.24–1.33)
	0.19

	TNM stage
	
	
	
	

	I
	Reference
	–
	Reference
	–

	II
	6.30 (1.15–34.42)
	0.03
	3.61 (0.62–21.08)
	0.15

	III 
	26.43 (6.01–116.24)
	< 0.001
	14.20 (2.82–71.45)
	0.001

	IV
	70.42 (15.00–330.6)
	< 0.001
	41.39 (6.62–258.67)
	< 0.001


Cox proportional hazards model with a backward elimination approach was used for multivariable analysis. HR: Hazard ratio; CI: Confidence interval; VEGF: Vascular endothelial growth factor; AFP: Alpha fetoprotein; BMI: Body mass index; MELD: Model for end stage liver disease; HCC: Hepatocellular carcinoma; TNM: Tumor-node-metastasis.

Table 3 Univariate and multivariate analysis on the factors predictive for progression-free survival in hepatocellular carcinoma patients
	Variable
	Univariate analysis
	Multivariable analysis

	
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Ang-2 group (cut-off: Median level)
	
	
	
	

	Low Ang-2 group
	Reference
	–
	Reference
	–

	High Ang-2 group
	2.53 (1.89–3.39)
	< 0.001
	1.55 (1.10–2.20)
	0.01

	VEGF group (cut-off: Median level)
	

	

	

	


	Low VEGF group
	Reference
	–
	Reference
	–

	High VEGF group
	1.29 (0.97–1.71)
	0.08
	1.08 (0.80–1.46)
	0.61

	Ang-2/Ang-1 ratio
	1.02 (0.98–1.05)
	0.32
	–
	–

	AFP (≥ 20 ng/mL)
	2.27 (1.713.04)
	< 0.001
	1.54 (1.13–2.11)
	0.007

	Age
	0.99 (0.98–1.01)
	0.30
	–
	–

	Male sex
	1.32 (0.91–1.92)
	0.15
	–
	–

	BMI > 25 mg/m2
	0.67 (0.50–0.91)
	0.01
	0.72 (0.53–0.97)
	0.03

	Presence of cirrhosis
	1.04 (0.74–1.46)
	0.81
	–
	–

	Child-Pugh class B or C
	2.17 (1.48–3.18)
	< 0.001
	1.54 (1.01–2.35)
	0.05

	NLR > 4
	2.13 (1.45–3.12)
	< 0.001
	1.95 (1.23–3.08)
	0.004

	PLR > 150
	2.05 (1.45–2.90)
	< 0.001
	1.02 (0.67–1.57)
	0.93

	TNM stage
	
	
	
	

	I
	Reference
	–
	Reference
	–

	II
	1.94 (1.31–2.89)
	0.001
	1.75 (1.16–2.63)
	0.008

	III 
	5.47 (3.81–116.24)
	< 0.001
	4.35 (2.91–6.50)
	< 0.001

	IV
	70.42 (15.00–330.6)
	< 0.001
	9.35 (5.00–17.46)
	< 0.001


Cox proportional hazards model with a backward elimination approach was used for multivariable analysis. HR: Hazard ratio; CI: Confidence interval; VEGF: Vascular endothelial growth factor; AFP: Alpha fetoprotein; BMI: Body mass index; MELD: Model for end stage liver disease; HCC: Hepatocellular carcinoma; TNM: Tumor-node-metastasis.


[image: logo]

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

[image: 二维码]





[bookmark: _GoBack]© 2021 Baishideng Publishing Group Inc. All rights reserved.

image2.png
BCLC stage

Distant metastasis

vacrvascuarimwasion
~
Bilobar involvement ..

Tumor size

Multiple tumor .@ 2
anssere OO0
MELD 10
BMI I 05
Sex 0.0
=00 .

©)
000
00/00,0/0.6)

00000
@0 OO0
0010000
@0 OOOO /
6/0/0]00/0/0 CORNNOO) |

®

©

O

©
“O0000@

)

@

@

©

©)

®
000




image3.png
>
>
5
%@
w

B Ang2

g 100 — Low Ang-1 g 100 —— Low Ang-2
< —— High Ang-1 < —— High Ang-2
3 3
2 e 2 e
2 [
: £
o 60 @ 60
@ v
&= &
o E o
2 i
2 2
] HR 1.02, 95%Cl: 0.71-1.56, P = 0.82 1
B b 20
3 S HR 4.76, 95%Cl: 3.15-7.19, P < 0.001
[ [N
o o
o 1 2 3 4 5 T T T T T T
Time (years) ° ! z 2 4 s
N bet it K 3
Low. Anrg: 2o o8 87 76 a6 27 Number at risk Time (years)
High Ang-1 120 o8 83 7a s0 P Low Ang-2 121 121 115 107 65 30
High Ang-2 119 75 56 a5 32 19
C VEGF D AFP
—_ 1o —— Low VEGF 1% — Low AFP
g —— High VEGF S —— High AFP
= 80 = 80
g ) <
£ 2
2 2
o 60 = 60
o 3
g @
& o
& &
& 40 o 40
S
B 2
D &
20
& HR 1.39, 95%Cl: 0.97-2.00, P = 0.07 - 5 29 HR 2.97, 95%Cl: 2.02-4.37, P < 0.001 |
e )
g
~ &
] o
s i i : ; : 3 i L LI
Number at risk Time (years) Number at risk Time (years)
Low VEGF 121 103 92 84 50 28 Low AFP 121 115 106 o7 50 33

High VEGF 119 93 79 68 a7 21 High AFP 119 81 65 55 a8 16




image4.png
AUC

1.0

0.8

0.6

0.4

0.2

0.0

Ang1
Ang2
VEGF
AFP





image5.png
A Angl B Ang2
100 —— Low Ang-1 100 —— Low Ang-2
— High Ang-1 — High Ang-2
— 80 o 80
g HR 1.31, 95%Cl: 0.99-1.74, P = 0.06 L HR 2.53, 95%Cl: 1.89-3.39, P < 0.001
= 3
; 601 E 60-]
: :
@« 20 —_ 40
e E
20
8 > °
oo
o T T T T T
. T T T v r o i L. 3 H
[ 1 2 3 H H Number ot risk Time (years)
Number at risk Time (years Low Ang-2 121 73 53 a2 26 1a
Low Ang-1 120 60 a3 31 17 12 High Ang-2 119 30 15 e a 3
High Ang-1120 a3 25 19 31 5
C VEGF D Arp
100 1% —— Low AFP
—— Low VEGF —— High AFP
—— High VEGF
< oo HR 1.29, 95%Cl: 0.97-1.71, P = 0.08 = b HR 2.27, 95%Cl: 1.71-3.04, P < 0.001
€ e
K] =
2 6o £ e
g 3
Ef E
@ w
= 40 = 40
g 4
o )
2 >
O O 204
0 o
[ T H 3 H H [) i 3 3 H H
Number at risk Time (years) Number at risk Time (years)
Low VEGF 121 57 30 20 1 10 Low AFP 121 75 a8 37 23 14
High VEGF 119 46 29 21 16 7 High AFP 119 28 20 13 7 3





image6.png
9

JSaishideng®




image7.png




image1.png
A Angl P=0.001
vomD) T - = - |
100,000 P=006 P=038 P=065
T T 1
10,000 - 3 i 3
]
o e |
1,000 o e kS
100 4
10 4

BCLCA  BCLCB

BCLCO

VEGF P=003

C (pg/mL) r 1

100,000 4 P=099 P=099 P=069

BCLC ¢/D

10,000

1,000

(pg/ml)
100,000

10,000

T

BCLC 0
D Arp

T

BCLCA
P=0.001

BCLCB

r
BCLC ¢/D

P=0.10

P=0.06

T
BCLCO

T T
BCLCA BCLCB

T
BCLC ¢/D




