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Background

Serum alpha-fetoprotein (AFP) is an important clinical indicator for screening, diagnosis, and prognosis of primary hepatocellular carcinoma (HCC). Our team’s previous study showed that patients with negative AFP at baseline and positive AFP at relapse had a worse prognosis (N-P). Therefore, the aim of our study was to develop and validate a nomogram for this group of patients.





Methods

A total of 513 patients with HCC who received locoregional treatments at Beijing You’an Hospital, Capital Medical University, from January 2012 to December 2019 were prospectively enrolled. Patients admitted from 2012 to 2015 were assigned to the training cohort (n = 335), while 2016 to 2019 were in the validation cohort (n =183). The clinical and pathological features of patients were collected, and independent risk factors were identified using univariate and multivariate Cox regression analysis as a basis for developing a nomogram. The performance of the nomogram was evaluated by C-index, receiver operating characteristic (ROC) curves, calibration curves, and decision curve analysis (DCA) curves in the training and validation cohorts.





Results

The content of the nomogram includes gender, tumor number, tumor size, lymphocyte, direct bilirubin (DBIL), gamma-glutamyl transferase (GGT), and prealbumin. The C-index (0.717 and 0.752) and 1-, 3-, and 5-year AUCs (0.721, 0.825, 0.845, and 0.740, 0.868, 0.837) of the training and validation cohorts proved the good predictive performance of the nomogram. Calibration curves and DCA curves suggested accuracy and net clinical benefit rates. The nomogram enabled to classify of patients with dynamic changes in AFP into three groups according to the risk of recurrence: low risk, intermediate risk, and high risk. There was a statistically significant difference in RFS between the three groups in the training and validation cohorts (P<0.001).





Conclusion

The nomogram developed and validated in this study had good predictive power for patients with dynamic changes in AFP.
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1 Introduction

In 2020, almost 906000 people worldwide were diagnosed with liver cancer, with the most common category being hepatocellular carcinoma (HCC) which is the third leading cause of cancer death in the world (1–3). China has the highest incidence rate, accounting for more than half of new cases and deaths from liver cancer worldwide (4, 5). Only less than 40% of patients in China were diagnosed with early-stage liver cancer (6). Surgery, liver transplantation, and local therapy are recommended for patients with early-stage liver cancer. Previous studies have shown that ablation therapy has similar survival rates but fewer complications compared with surgery in small liver cancer (7). However, the recurrence rate after ablation therapy is high, with a five-year recurrence rate of 50%-70% (8–10). Transcatheter arterial chemoembolization (TACE) is the only guideline-recommended global standard of care for intermediate-stage HCC, while the median progression-free survival (mPFS) is only five months for intermediate-stage liver cancer (8, 10). Therefore, the prognosis and treatment of liver cancer are fundamental important public health issues in China.

Since its identification in the 1960s, alpha-fetoprotein(AFP), which was first described as a marker for HCC, has become the most widely used biomarker for the diagnosis and prognosis of HCC (11). But AFP has a high specificity (80%-90%) and a low sensitivity (40%-60%) (12), and these patients with normal AFP (<20ng/ml) in the baseline are called AFP-negative HCC patients (AFP-NHCC). As an essential diagnosis criterion, AFP-negativity can affect the early diagnosis and treatment of patients, thus affecting the prognosis of patients (13, 14). Our preliminary research showed that among AFP-NHCC patients, those who turned positive at relapse had a 130% increased risk of death compared with those who remained negative AFP at recurrence (15). Because of the special clinicopathological features and prognosis of patients with dynamic changes in AFP (N-P, negative at baseline and positive at relapse) (16), reliable prediction models are needed to guide the clinical treatment of these patients.

At present, it has been proved that some biomarkers, such as ALBI, MLR, GGT, and GLR, are associated with the prognosis of patients with AFP-NHCC (17–20), and there are also predictive models of patients with AFP-NHCC models for surgical treatment (21–24). Yet, the predictive nomogram of recurrence for patients with dynamic changes in AFP who underwent ablation has been still lacking. Consequently, the purpose of our study is to develop and validate a reliable nomogram for this group of patients to more accurately guide the clinical decision.




2 Materials and methods



2.1 Patients

This study retrospectively evaluated 518 HCC patients aged 18-75 years old who underwent TACE combined with ablation at Beijing Youan Hospital from January 2012 to December 2019. The diagnosis of HCC was based on the guideline of the America Association for the Study of Liver Diseases (ASSLD) (1, 25). Patients admitted from January 1, 2012 to December 31, 2015 were assigned to the training cohort (n = 335), while January 1, 2016 to December 31, 2019 were in the validation cohort (n =183).

The inclusion criteria of patients were as follows: (1) early-stage HCC patient accepted TACE combined ablation achieved complete response. (2) Child-Pugh classification was class A or B. (3) AFP negative at baseline and positive at relapse (N-P). (4) All patients had not received any other therapeutics prior to ablation. The exclusion criteria included: (1) received other treatment before ablation; (2) advanced HCC; (3) with other primary malignancies; (4) clinical follow-up data incomplete.

Our study was approved by the Ethics Committee of Beijing Youan Hospital, Capital Medical University, and was conducted in accordance with the standards of the Declaration of Helsinki. The Ethics Committee considered that study as low-risk, so the requirement for informed consent of the patients was waived.




2.2 Clinicopathologic characteristics

Clinicopathologic Characteristics were collected from patients before surgery, including age, gender, etiology, tumor number, tumor size, Child-Pugh class, alanine aminotransferase (ALT), aspartate transaminase (AST), albumin (ALB), gamma-glutamyl transferase (GGT), total bilirubin (TBIL); direct bilirubin (DBIL), prealbumin, neutrophils (Neu), lymphocytes (Lym), and monocytes (Mon).




2.3 Treatment received



2.3.1 TACE procedure

All TACE treatments were performed by two interventional radiologists. Under local anesthesia, the right femoral artery was punctured using a modified Seldinger technique. An arteriogram was carried out through a 5-F catheter (Terumo, Tokyo, Japan) to confirm portal vein patency and detect arterial supply to tumors. When applicable, a microcatheter was inserted into the blood-supply artery of the carcinoma to inject a mixture of doxorubicin (Pfizer Inc., New York, NY, USA) and lipiodol (Guerbet, Villepinte, France), followed by embolization using embolic materials, such as gelfoam or polyvinyl alcohol particles. The blood flow was monitored until complete vessel occlusion and flow wholly ceased. If the lesion is not completely necrotic and the active portion exceeds 50% of the baseline value, repeat embolization is required.




2.3.2 Ablation procedure

Local ablation by qualified hepatologist was carried out within two weeks after TACE, guided by triple-phase computed tomography (CT) and magnetic resonance imaging (MRI). The size of the tumor decided the number of electrodes. Routine disinfection and local anesthesia around the puncture point were combined with intravenous analgesia and monitored anesthesia care. In the process of RFA, after measuring the baseline impedance, the power gradually increased from 80w to 200w to reach the maximum impedance. Cold brine was injected into the electrode chamber using a pump so that the tip temperature was consistently below 20°C. To achieve complete ablation, the range of ablation extended 0.5-1.0 cm to determine complete coverage; otherwise, the procedure was defined as an incomplete ablation. In order to prevent postoperative bleeding and tumor implantation along the needle track, the electrode was heated to 90°C-100°C and then pulled out. All patients underwent contrast-enhanced CT immediately after ablation to evaluate the technical success of the procedure and the development of any possible complications.





2.4 Follow-up

All patients were regularly follow-up in the section for outpatients. Responses were evaluated using CT and MRI at approximately 4-6 weeks post-treatment. In the first year following ablation, patients were examined every three months and then every six months thereafter. The follow-up involved blood tests, liver function, and imaging tests to detect tumor recurrence. Among the primary endpoints of this study was the recurrence-free survival (RFS), which was defined from the date of curative treatment to the first HCC recurrence or death from any cause.




2.5 Statistical analysis

Comparative analysis was done by t-test, chi-square test, and Mann-Whitney U test, with the purpose of providing median or counts and percentages to summarize baseline variables. Survival curves were drawn using the Kaplan-Meier method and compared using log-rank tests. Univariate and multivariate Cox regression analyses were performed to identify the independent risk factors for recurrence in AFP-NHCC patients undergoing ablation.

Following the above analyses, a nomogram was developed based on the Cox regression to predict recurrence. The validation cohort of the prognostic nomogram was verified. According to the nomogram scores, the patients were classified as low-risk, medium-risk, and high-risk groups, and their recurrence rates were predicted. The receiver operating characteristic (ROC) curve was drawn over time, and the area under the ROC curve (AUC) was calculated to the prognosis value of candidate factors. Calibration curves and the Hosmer-Lemeshow test were conducted to assess the predictive ability of the nomogram. Besides, decision curve analysis (DCA) was implemented to demonstrate the clinical utilization by quantifying the net benefits of the nomogram model in both training and validation cohorts.

All data were analyzed with SPSS (version 26.0, IBM, Armonk, NY, USA) and R software (version 4.1.2) in this study. Two-tailed tests were performed, and statistical significance was determined by P value of less than 0.05 (P<0.05).





3 Results



3.1 Patients characteristics

A total of 518 patients (Figure S1) with dynamic changes in AFP were screened between January 1, 2012 to December 31, 2019, divided by time into a training cohort (n=335) and a validation cohort (n=183). Up to the last follow-up date of January 1, 2022, the median follow-up time was 4.48 years (25~75th percentiles, 3.13~6.33 years).

There were no statistical differences in all baseline characteristics between the training cohort and the validation cohort (Table 1). Both in the training cohort and validation cohort, the majority of the patients were male (83.9% vs. 77.6%), and the average age was over 50 years (56.73 ± 8.85 vs. 56.95 ± 8.6). The HBV infection was the primary cause of HCC (91.9% vs. 89.6). Most patients were Child-Pugh A (74% vs. 79.2%), suggesting that the patients had good liver function. Regarding tumor characteristics, most tumors were solitary (67.2% vs. 70.5%) and tumor size was less than 3cm (62.7% vs. 66.7%, P=0.367). Radiofrequency ablation therapy (51.6% vs. 72.1%) was the primary ablation modality used for patients.


Table 1 | Demographics and clinical characteristics for training and validation sets.






3.2 Independent prognostic factors of RFS

Univariate and multifactorial Cox regression analyses were performed to assess the association between clinical characteristics and RFS. Univariate Cox regression analysis showed that age, gender, Child-Pugh, BCLC stage, tumor size, tumor number, lymphocyte count, TBIL, DBIL, GGT, ALP, albumin, INR, and PT were associated with RFS. Multi-factors Cox regression analysis revealed that gender (HR: 2.52, 95% CI: 1.25-3.61), tumor size (HR: 1.62, 95%CI: 1.01-2.22), tumor number (HR: 1.21, 95%CI: 1.06-1.93), lymphocyte (HR: 1.21, 95% CI: 1.09-2.19), DBIL (HR: 1.05, 95%CI: 1.01-1.08), GGT (HR: 1.23, 95%CI: 1.01-1.46), and prealbumin (HR: 0.89, 95%CI: 0.61-0.97) were independent predictors for RFS (Table 2).


Table 2 | Univariate and multivariate cox hazards analysis of the primary cohort.






3.3 Develop the nomogram

The independent predictors found by multi-factors Cox regression analysis were used to construct a nomogram (Figure 1). In the training cohort, the C-index was 0.717 (95%CI: 0.682-0.752), and the time-dependent ROC curve demonstrated that AUCs of 1-, 3-, and 5-year were 0.721, 0.825, and 0.845 (Figure 2). These results all indicated the real power of the nomogram for RFS. The calibration plot of the probability of 1-, 3-, and 5-year RFS reflected satisfactory accordance between the nomogram prediction and actual observation (Figure 3). Meanwhile, DCA curves were created to evaluate the clinical value of the nomogram (Figure 4), which showed encouraging net benefits in reasonable threshold probability with the nomogram.




Figure 1 | Nomogram, including gender, tumor number, tumor size, lymphocyte, DBIL, GGT, and prealbumin for one, three, and five years recurrence free survival (RFS) in HCC patients with dynamic changes in AFP. The nomogram is valued to obtain the probability of one, three, and five years recurrence by adding up the points identified on the points scale for each varible. T.N, tumor number; T.S, tumor size; DBIL, direct bilirubin; GGT, gamma glutamyl transferase; Palb, prealbumin.






Figure 2 | ROC curve of the nomogram in the training cohort. (A) The AUC for 1-year RFS was 0.721 in the training cohort. (B) The AUC for 3-year RFS was 0.825 in the training cohort. (C) The AUC for 5-year was 0.845 in the training cohort.






Figure 3 | Calibration curve of the nomogram in the training cohort, with the x-axes actual recurrence estimated by the nomogram, the y-axes are observed recurrence calculated by the Kaplan-Meier method. (A) One-year RFS in the training cohort. (B) Three-year RFS in the training cohort. (C) Five-year RFS in the training cohort.






Figure 4 | Decision curve analysis for recurrence in the training cohort. The x-axis indicate threshold probability, and the y-axis indicate the net benefit. Dashed lines: the net benefit of nomogram across a range of threshold probabilities. The solid red line: no patients relapse. The solid black line: all patients die or relapse. (A) Decision curve analysis for one-year RFS in the training cohort. (B) Decision curve analysis for three-year RFS in the training cohort. (C) Decision curve analysis for five- year RFS in the training cohort.



According to the nomogram, patients were divided into low-risk, medium-risk, and high-risk groups (Figure 5). In the training cohort, there were apparent variances in RFS between the low-risk group (n=63), medium-risk (n=141), and high-risk group (n=131). There was distinct variance between the three groups (P< 0.001).




Figure 5 | Kaplan-Meier plots of RFS for the low-risk group, medium-risk group and high-risk group in the training cohort.






3.4 Validate the nomogram

To further confirm the reliability of the nomogram, we verified it internally. In the validation cohort, C-index was 0.752 (95%CI: 0.701-0.802), even higher than the training cohort, and the time-independent AUCs of 1-, 3-, and 5-year were 0.740, 0.868, and 0.837 (Figure S1). The calibration curves also matched well (Figure S2), and the DCA curves of 1-, 3-, and 5-year had good clinical practicability (Figure S3).

Patients in the validation cohort were categorized as low-risk (n=37), medium-risk (n=79), and high-risk (n=67) as well (Figure S4). Consistent with the training cohort, the risk of recurrence was obviously higher in the high-risk group than in the low-risk group and the medium-group (P< 0.001).




3.5 Comparison with other prognostic scores

We compared the predictive ability of the nomogram with five conventional prognostic scores. The results indicated that the nomogram exhibited better discriminatory ability, prominently higher than the other five scoring systems (Table 3).


Table 3 | The AUROCs for predicting RFS of the nomogram and other prognostic biomarkers.







4 Discussion

HCC remains a global health challenge, with incidence rates on the rise worldwide (1, 2, 10, 26). Because of the high recurrence rate, we need to devote more attention to the prognosis of HCC, in particular for AFP negative patients. Our study is the first to focus on dynamic changes in AFP to develop and validate a nomogram, which will hopefully predict the recurrence in N-P patients (negative at baseline and positive at relapse).

Since AFP was identified as a tumor marker for HCC, it has been used for diagnosis, prognosis, and surveillance of HCC (27). In addition to being a predictor, AFP has also been considered for immunotherapy and defining molecular classes of liver cancer (28–30). AFP levels have been proven to correlate with the presence of vascular infiltration and the degree of differentiation (30–33). Moreover, our team’s previous study showed that RFS was shorter in N-P patients who were characterized by multiple tumors, large tumor diameter, and elevated transaminases, representing high liver tumor invasiveness and poor liver function, leading to poor prognosis (15). Although N-P patients have specific clinicopathological characteristics and prognoses, most prediction models have been developed without considering the specificity of liver biological function in the group of patients and can not reflect an accurate forecast (16). Therefore, we aim to create a nomogram to predict recurrence and prognosis in N-P patients.

The nomogram contains seven factors to produce the probability of an individual specific clinical event, including gender, tumor size, tumor number, lymphocyte, DBIL, GGT, and prealbumin. The scores of the nomogram were obtained by drawing a vertical line at the location of the corresponding total score so that it intersected the three lines predicting the risk of recurrence, and the value shown at the intersection were predicted RFS at 1, 3, and 5 years. This nomogram performed with good predictive ability, as supported by the C-index of 0.717 and 0.752 for the training cohort and validation cohort, respectively. This was similarly demonstrated by the high AUCs of the time-dependent ROC curves for the training and validation cohorts, especially for the 3- and 5-year time points. The calibration curves displayed good agreements, suggesting predictive accuracy for our nomogram, and the DCA curves confirmed a high net clinical benefit rate. Patients were divided into three different risk groups according to the nomogram, and RFS was clearly different between all three groups (P<0.0001), which indicated that our nomogram had a better ability to distinguish N-P patients to determine the risk of relapse after ablation therapy.

There are two possible reasons why the male is a recognized risk factor for the recurrence of HCC: androgen receptor activation may promote HCC cell progression and invasion, while the endogenous metabolite estrogen inhibits tumor growth due to its anti-proliferative, pro-apoptotic, and anti-angiogenic activities (34–37). A key feature of cancer is tumor size. One study suggested that tumor size ≤3cm may be associated with hypofractionation and higher survival rates (38, 39). Because of metastasis and recurrence, patients with HCC have adverse prognoses. Multiple tumors are more prone to microvascular invasion (MVI) than a single tumor, which can lead to increased tumor recurrence after surgery (40, 41). DBIL can reflect liver function reserve, which is an important indicator of the prognosis of HCC (42). As we all know, inflammation can contribute to the poor prognosis of HCC by inducing lymphopenia (43, 44). However, we found that the poor prognosis of patients with increased lymphocytes may be due to the specific pathological features of HCC with dynamic changes in AFP, and further basic research is needed to confirm this hypothesis. GGT, a metabolite of glutathione, has been justified in animal HCC models that serum GGT levels increase with the process of hepatocarcinogenesis and promote tumor progression (45). Prealbumin can predict the risk of recurrence of HCC as a sensitive marker reflecting protein synthesis (46).

TACE is a palliative treatment with the recommendation for patients with intermediate-stage HCC by BCLC guidelines. For early-stage HCC, TACE can mark the tumor and achieve tumor downstaging, thereby declining the time and increasing the success rate of ablation (47). Ablation is the insertion of the electrodes into the tumor issue under the guidance of ultrasound, CT, and MRI, and generates frictional heat by applying high-frequency electrodes to the tissue to damage and destroy HCC cells, resulting in protein denaturation, loss of cell membrane integrity, mitochondrial dysfunction and inhibition of DNA replication (48–50). Both domestic and international studies and the previous study from our team showed that combination therapy by TACE and ablation improved overall and progression-free survival compared with TACE alone (15, 51–54). Thus, we used TACE sequential ablation treatment, whose efficacy can be further demonstrated in multiple centers to improve the quality of life and extend the overall survival of more patients with HCC.

The clinical indexes applied in this study cover a wide range, including demographics, liver function, tumor load, tumor markers, and inflammatory indexes, enabling a more comprehensive assessment of the patients. What’s more, the compositions of our nomogram were simple and easy to obtain, allowing the physician to evaluate the patient’s condition in a timely and effective manner. Furthermore, our data were dynamic, focusing not only on baseline information but also on changes in indicators after patients relapsed.

Despite the good predictive performance of the nomogram, our study has some limitations. First, bias was inevitable since this was a retrospective study, and future prospective studies are needed to further validate the results of the nomogram. But internal validation results reflected that our nomogram was accurate and reliable. Secondly, the number of N-P patients was limited. However, in general, some studies only researched the relationship between AFP and prognosis at baseline, and some only explored the prognostic value of AFP when it recurred. Finally, the population receiving locoregional therapy was the subject of our study, and the applicability of this nomogram to patients undergoing surgery and liver transplantation is uncertain. Therefore, more studies are needed to explore the application of our nomogram in patients receiving other treatments. Nevertheless, we used up to eight years of follow-up to create an accurate and reliable nomogram to better guide clinical practice for this group of HCC patients with dynamic changes in AFP.





Conclusion

In summary, based on multivariable Cox regression analysis, we created an accurate and reliable nomogram to predict recurrence in patients with dynamic changes in AFP. The nomogram, including gender, tumor number, lymphocyte, DBIL, GGT, and prealbumin, demonstrated good predictive ability, which could be instrumental in guiding therapeutic decisions.
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Supplementary Figure 1 | ROC curve of the nomogram in the validation cohort. (A) The AUC for 1-year RFS was 0.740 in the validation cohort. (B) The AUC for 3-year RFS was 0.868 in the validation cohort. (C) The AUC for 5-year was 0.837 in the validation cohort.

Supplementary Figure 2 | Calibration curve of the nomogram in the validation cohort, with the x-axes actual recurrence estimated by the nomogram, the y-axes are observed recurrence calculated by the Kaplan-Meier method. (A) One-year RFS in the validation cohort. (B) Three-year RFS in the validation cohort. (C) Five-year RFS in the validation cohort.

Supplementary Figure 3 | Decision curve analysis for recurrence in the validation cohort. The x-axis indicate threshold probability, and the y-axis indicate the net benefit. Dashed lines: the net benefit of nomogram across a range of threshold probabilities. The solid red line: no patients relapse. The solid black line: all patients die or relapse. (A) Decision curve analysis for one-year RFS in the validation cohort. (B) Decision curve analysis for three-year RFS in the validation cohort. (C) Decision curve analysis for five- year RFS in the validation cohort.

Supplementary Figure 4 | Kaplan-Meier plots of RFS for the low-risk group, medium-risk group and high-risk group in the validation cohort.




References

1. Vogel, A, Meyer, T, Sapisochin, G, Salem, R, and Saborowski, A. Hepatocellular carcinoma. Lancet (London England) (2022) 400(10360):1345–62. doi: 10.1016/s0140-6736(22)01200-4

2. Villanueva, A. Hepatocellular carcinoma. New Engl J Med (2019) 380(15):1450–62. doi: 10.1056/NEJMra1713263

3. El-Serag, HB, and Rudolph, KL. Hepatocellular carcinoma: epidemiology and molecular carcinogenesis. Gastroenterology (2007) 132(7):2557–76. doi: 10.1053/j.gastro.2007.04.061

4. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global cancer statistics 2018: globocan estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2018) 68(6):394–424. doi: 10.3322/caac.21492

5. Chen, W, Zheng, R, Baade, PD, Zhang, S, Zeng, H, Bray, F, et al. Cancer statistics in China, 2015. CA Cancer J Clin (2016) 66(2):115–32. doi: 10.3322/caac.21338

6. Park, JW, Chen, M, Colombo, M, Roberts, LR, Schwartz, M, Chen, PJ, et al. Global patterns of hepatocellular carcinoma management from diagnosis to death: the bridge study. Liver Int (2015) 35(9):2155–66. doi: 10.1111/liv.12818

7. Bai, XM, Cui, M, Yang, W, Wang, H, Wang, S, Zhang, ZY, et al. The 10-year survival analysis of radiofrequency ablation for solitary hepatocellular carcinoma 5 cm or smaller: primary versus recurrent Hcc. Radiology (2021) 300(2):458–69. doi: 10.1148/radiol.2021200153

8. Llovet, JM, Kelley, RK, Villanueva, A, Singal, AG, Pikarsky, E, Roayaie, S, et al. Hepatocellular carcinoma. Nat Rev Dis Primers (2021) 7(1):6. doi: 10.1038/s41572-020-00240-3

9. Nault, JC, Sutter, O, Nahon, P, Ganne-Carrie, N, and Seror, O. Percutaneous treatment of hepatocellular carcinoma: state of the art and innovations. J Hepatol (2018) 68(4):783–97. doi: 10.1016/j.jhep.2017.10.004

10. Reig, M, Forner, A, Rimola, J, Ferrer-Fàbrega, J, Burrel, M, Garcia-Criado, Á, et al. Bclc strategy for prognosis prediction and treatment recommendation: the 2022 update. J Hepatol (2022) 76(3):681–93. doi: 10.1016/j.jhep.2021.11.018

11. Terentiev, AA, and Moldogazieva, NT. Alpha-fetoprotein: A renaissance. Tumour Biol (2013) 34(4):2075–91. doi: 10.1007/s13277-013-0904-y

12. Yang, JD, Hainaut, P, Gores, GJ, Amadou, A, Plymoth, A, and Roberts, LR. A global view of hepatocellular carcinoma: trends, risk, prevention and management. Nat Rev Gastroenterol Hepatol (2019) 16(10):589–604. doi: 10.1038/s41575-019-0186-y

13. Giannini, EG, Marenco, S, Borgonovo, G, Savarino, V, Farinati, F, Del Poggio, P, et al. Alpha-fetoprotein has no prognostic role in small hepatocellular carcinoma identified during surveillance in compensated cirrhosis. Hepatology (2012) 56(4):1371–9. doi: 10.1002/hep.25814

14. Chen, ZZ, Huang, L, Wu, YH, Zhai, WJ, Zhu, PP, and Gao, YF. Lncsox4 promotes the self-renewal of liver tumour-initiating cells through Stat3-mediated Sox4 expression. Nat Commun (2016) 7:12598. doi: 10.1038/ncomms12598

15. Wang, Q, Liu, B, Qiao, W, Li, J, Yuan, C, Long, J, et al. The dynamic changes of afp from baseline to recurrence as an excellent prognostic factor of hepatocellular carcinoma after locoregional therapy: A 5-year prospective cohort study. Front Oncol (2021) 11:756363. doi: 10.3389/fonc.2021.756363

16. Bai, DS, Zhang, C, Chen, P, Jin, SJ, and Jiang, GQ. The prognostic correlation of afp level at diagnosis with pathological grade, progression, and survival of patients with hepatocellular carcinoma. Sci Rep-Uk (2017) 7:12870. doi: 10.1038/s41598-017-12834-1

17. Mao, S, Yu, X, Shan, Y, Fan, R, Wu, S, and Lu, C. Albumin-bilirubin (Albi) and monocyte to lymphocyte ratio (Mlr)-based nomogram model to predict tumor recurrence of Afp-negative hepatocellular carcinoma. J Hepatocell Carcinoma (2021) 8:1355–65. doi: 10.2147/JHC.S339707

18. Li, S, Xu, W, Liao, M, Zhou, Y, Weng, J, Ren, L, et al. The significance of gamma-glutamyl transpeptidase to lymphocyte count ratio in the early postoperative recurrence monitoring and prognosis prediction of Afp-negative hepatocellular carcinoma. J Hepatocell Carcinoma (2021) 8:23–33. doi: 10.2147/JHC.S286213

19. Wang, T, and Zhang, KH. New blood biomarkers for the diagnosis of afp-negative hepatocellular carcinoma. Front Oncol (2020) 10:1316. doi: 10.3389/fonc.2020.01316

20. Johnson, P, Zhou, Q, Dao, DY, and Lo, YMD. Circulating biomarkers in the diagnosis and management of hepatocellular carcinoma. Nat Rev Gastroenterol Hepatol (2022) 19(10):670–81. doi: 10.1038/s41575-022-00620-y

21. Huang, J, Liu, FC, Li, L, Zhou, WP, Jiang, BG, and Pan, ZY. Nomograms to predict the long-time prognosis in patients with alpha-fetoprotein negative hepatocellular carcinoma following radical resection. Cancer Med (2020) 9(8):2791–802. doi: 10.1002/cam4.2944

22. Wang, X, Mao, M, He, Z, Zhang, L, Li, H, Lin, J, et al. Development and validation of a prognostic nomogram in Afp-negative hepatocellular carcinoma. Int J Biol Sci (2019) 15(1):221–8. doi: 10.7150/ijbs.28720

23. Gan, W, Huang, JL, Zhang, MX, Fu, YP, Yi, Y, Jing, CY, et al. New nomogram predicts the recurrence of hepatocellular carcinoma in patients with negative preoperative serum Afp subjected to curative resection. J Surg Oncol (2018) 117(7):1540–7. doi: 10.1002/jso.25046

24. Li, W, Han, L, Xiao, B, Li, X, and Ye, Z. A predictive nomogram of early recurrence for patients with Afp-negative hepatocellular carcinoma underwent curative resection. Diagnostics (Basel) (2022) 12(5):1073. doi: 10.3390/diagnostics12051073

25. Heimbach, JK, Kulik, LM, Finn, RS, Sirlin, CB, Abecassis, MM, Roberts, LR, et al. Aasld guidelines for the treatment of hepatocellular carcinoma. Hepatology (2018) 67(1):358–80. doi: 10.1002/hep.29086

26. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: globocan estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

27. Song, P, Tobe, RG, Inagaki, Y, Kokudo, N, Hasegawa, K, Sugawara, Y, et al. The management of hepatocellular carcinoma around the world: A comparison of guidelines from 2001 to 2011. Liver Int (2012) 32(7):1053–63. doi: 10.1111/j.1478-3231.2012.02792.x

28. Calderaro, J, Couchy, G, Imbeaud, S, Amaddeo, G, Letouzé, E, Blanc, JF, et al. Histological subtypes of hepatocellular carcinoma are related to gene mutations and molecular tumour classification. J Hepatol (2017) 67(4):727–38. doi: 10.1016/j.jhep.2017.05.014

29. Qiao, W, Wang, Q, Hu, C, Zhang, Y, Li, J, Sun, Y, et al. Interim efficacy and safety of pd-1 inhibitors in preventing recurrence of hepatocellular carcinoma after interventional therapy. Front Immunol (2022) 13:1019772. doi: 10.3389/fimmu.2022.1019772

30. Hu, X, Chen, R, Wei, Q, and Xu, X. The landscape of alpha fetoprotein in hepatocellular carcinoma: where are we? Int J Biol Sci (2022) 18(2):536–51. doi: 10.7150/ijbs.64537

31. Forner, A, Reig, M, and Bruix, J. Hepatocellular carcinoma. Lancet (2018) 391(10127):1301–14. doi: 10.1016/s0140-6736(18)30010-2

32. Galle, PR, Foerster, F, Kudo, M, Chan, SL, Llovet, JM, Qin, S, et al. Biology and significance of Alpha-fetoprotein in hepatocellular carcinoma. Liver Int (2019) 39(12):2214–29. doi: 10.1111/liv.14223

33. Sun, BY, Gu, PY, Guan, RY, Zhou, C, Lu, JW, Yang, ZF, et al. Deep-learning-based analysis of preoperative mri predicts microvascular invasion and outcome in hepatocellular carcinoma. World J Surg Oncol (2022) 20(1):189. doi: 10.1186/s12957-022-02645-8

34. Bashir Hamidu, R, Chalikonda, DM, and Hann, HW. Gender disparity in host responses to hepatitis B-related hepatocellular carcinoma: A case series. Vaccines (2021) 9(8):838. doi: 10.3390/vaccines9080838

35. Ao, J, Meng, J, Zhu, L, Nie, H, Yang, C, Li, J, et al. Activation of androgen receptor induces id1 and promotes hepatocellular carcinoma cell migration and invasion. Mol Oncol (2012) 6(5):507–15. doi: 10.1016/j.molonc.2012.06.005

36. Wang, Q, Ma, L, Li, J, Yuan, C, Sun, J, Li, K, et al. A novel scoring system for patients with recurrence of hepatocellular carcinoma after undergoing minimal invasive therapies. Cancer Manag Res (2019) 11:10641–9. doi: 10.2147/CMAR.S224711

37. Guo, Y, Wu, G, Yi, J, Yang, Q, Jiang, W, Lin, S, et al. Anti-hepatocellular carcinoma effect and molecular mechanism of the estrogen signaling pathway. Front Oncol (2021) 11:763539. doi: 10.3389/fonc.2021.763539

38. Yamashita, YI, Imai, K, Yusa, T, Nakao, Y, Kitano, Y, Nakagawa, S, et al. Microvascular invasion of single small hepatocellular carcinoma ≤3 cm: predictors and optimal treatments. Ann Gastroenterol Surg (2018) 2(3):197–203. doi: 10.1002/ags3.12057

39. Cammà, C, Di Marco, V, Orlando, A, Sandonato, L, Casaril, A, Parisi, P, et al. Treatment of hepatocellular carcinoma in compensated cirrhosis with radio-frequency thermal ablation (Rfta): A prospective study. J Hepatol (2005) 42(4):535–40. doi: 10.1016/j.jhep.2004.11.042

40. Pawlik, TM, Delman, KA, Vauthey, JN, Nagorney, DM, Ng, IO, Ikai, I, et al. Tumor size predicts vascular invasion and histologic grade: implications for selection of surgical treatment for hepatocellular carcinoma. Liver Transpl (2005) 11(9):1086–92. doi: 10.1002/lt.20472

41. Lee, S, Kang, TW, Song, KD, Lee, MW, Rhim, H, Lim, HK, et al. Effect of microvascular invasion risk on early recurrence of hepatocellular carcinoma after surgery and radiofrequency ablation. Ann Surg (2021) 273(3):564–71. doi: 10.1097/sla.0000000000003268

42. Ho, SY, Liu, PH, Hsu, CY, Hsia, CY, Su, CW, Lee, YH, et al. Comparison of twelve liver functional reserve models for outcome prediction in patients with hepatocellular carcinoma undergoing surgical resection. Sci Rep (2018) 8(1):4773. doi: 10.1038/s41598-018-22923-4

43. Kurebayashi, Y, Ojima, H, Tsujikawa, H, Kubota, N, Maehara, J, Abe, Y, et al. Landscape of immune microenvironment in hepatocellular carcinoma and its additional impact on histological and molecular classification. Hepatology (2018) 68(3):1025–41. doi: 10.1002/hep.29904

44. Ringelhan, M, Pfister, D, O'Connor, T, Pikarsky, E, and Heikenwalder, M. The immunology of hepatocellular carcinoma. Nat Immunol (2018) 19(3):222–32. doi: 10.1038/s41590-018-0044-z

45. Moreira, AJ, Rodrigues, GR, Bona, S, Fratta, LX, Weber, GR, Picada, JN, et al. Ductular reaction, cytokeratin 7 positivity, and gamma-glutamyl transferase in multistage hepatocarcinogenesis in rats. Protoplasma (2017) 254(2):911–20. doi: 10.1007/s00709-016-1000-0

46. Shenkin, A. Serum prealbumin: is it a marker of nutritional status or of risk of malnutrition? Clin Chem (2006) 52(12):2177–9. doi: 10.1373/clinchem.2006.077412

47. Wang, Q, Qiao, W, Liu, B, Li, J, Yuan, C, Long, J, et al. The Monocyte to Lymphocyte Ratio Not Only at Baseline but Also at Relapse Predicts Poor Outcomes in Patients with Hepatocellular Carcinoma Receiving Locoregional Therapy. BMC Gastroenterol (2022) 22(1):98. doi: 10.1186/s12876-022-02180-6

48. Breen, DJ, and Lencioni, R. Image-guided ablation of primary liver and renal tumours. Nat Rev Clin Oncol (2015) 12(3):175–86. doi: 10.1038/nrclinonc.2014.237

49. Nikfarjam, M, Muralidharan, V, and Christophi, C. Mechanisms of focal heat destruction of liver tumors. J Surg Res (2005) 127(2):208–23. doi: 10.1016/j.jss.2005.02.009

50. Chen, S, Zeng, X, Su, T, Xiao, H, Lin, M, Peng, Z, et al. Combinatory local ablation and immunotherapies for hepatocellular carcinoma: rationale, efficacy, and perspective. Front Immunol (2022) 13:1033000. doi: 10.3389/fimmu.2022.1033000

51. Tak, WY, Lin, SM, Wang, Y, Zheng, J, Vecchione, A, Park, SY, et al. Phase iii heat study adding lyso-thermosensitive liposomal doxorubicin to radiofrequency ablation in patients with unresectable hepatocellular carcinoma lesions. Clin Cancer Res (2018) 24(1):73–83. doi: 10.1158/1078-0432.CCR-16-2433

52. Wang, Q, Zhao, P, He, N, Sun, JP, Li, K, Zang, CR, et al. Combination of the gamma-glutamyltransferase-to-prealbumin ratio and other indicators may be a novel marker for predicting the prognosis of patients with hepatocellular carcinoma undergoing locoregional ablative therapies. Infect Agent Cancer (2019) 14:49. doi: 10.1186/s13027-019-0266-1

53. Chen, K, Chen, G, Wang, H, Li, H, Xiao, J, Duan, X, et al. Increased survival in hepatocellular carcinoma with iodine-125 implantation plus radiofrequency ablation: A prospective randomized controlled trial. J Hepatol (2014) 61(6):1304–11. doi: 10.1016/j.jhep.2014.07.026

54. Liu, B, Zhang, Y, Chen, H, Li, W, and Tsochatzis, E. The combination of transcatheter arterial chemoembolisation (Tace) and thermal ablation versus tace alone for hepatocellular carcinoma. Cochrane Database Syst Rev (2022) 1(1):Cd013345. doi: 10.1002/14651858.CD013345.pub2




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Sun, Xiong, Wang, Qiao, Zhang and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-13-1206345-g003.jpg
Actual 3yearrecurence

00 02 04 08
et sz st . Predictheprobabiy o recuence a1 years

Actual Syearrecurence

10

08

0e

02

00

08 10 00 02 04 08 08 10
st s g 100 s st b Predictheprobabiy o recustence a 3 years st s B
Ersetty et (it

00 02 04 08 08 0
J TR ——— Precict he probabiy o recurence al  years -samoma s s 8130





OEBPS/Images/fonc-13-1206345-g005.jpg
Cumulation RFS analysis

Strata

075

050

025

0.00

Low risk
Middle risk
High risk

Strata =+ Lowrisk = Middle risk —+ High risk

p <0.0001

0 1 2 3 4 5 6 7 8 9 10
Time(years)

Number at risk
63 58 55 50 47 39 28 13 9 2 0
141 110 78 61 46 36 23 13 ¥ 2 0
131 88 45 27 20 11 4 2 0 0 0
0 1 2 a 4 5 6 7 8 9 10

Time(years)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Development and validation of a nomogram to predict the recurrence of hepatocellular carcinoma patients with dynamic changes in AFP undergoing locoregional treatments

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Patients

          



          		

            2.2 Clinicopathologic characteristics

          



          		

            2.3 Treatment received

          

            		

              2.3.1 TACE procedure

            



            		

              2.3.2 Ablation procedure

            



          



          



          		

            2.4 Follow-up

          



          		

            2.5 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Patients characteristics

          



          		

            3.2 Independent prognostic factors of RFS

          



          		

            3.3 Develop the nomogram

          



          		

            3.4 Validate the nomogram

          



          		

            3.5 Comparison with other prognostic scores

          



        



        



        		

          4 Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-13-1206345-g002.jpg
Sensitvity

10

08

06

04

02

00

— AUCal1years 0721

00

02

04

1-Speacty

Sensiy

06

10

08

08

04

02

00

08

Sensivty

10

08

06

04

02

00

— AUCat3years 0825

00

02

— AUCalS years 0845

00

02

04

e

08

08

10

04

t.specicty

08

08

10





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Univariate analysis Multivariate analysis

Characteristic HR (95% CI) P value HR (95% ClI) P value
Age 099 (1-1.03) 0.036
Gender ‘ 2.87 (1.23-4.53) <0.001 252 (1.25-3.61) <0.001
Hypertension 1.23 (0.61-1.09) 0.175
Diabetes 1.13 (0.64-1.23) » 0471

| Antivirel ‘ 1.16 (0.67-1.1) I 0232
Smoking 0.83 (0.94-1.54) 0.143
Drinking 0.83 (0.94-1.55) 0.146
ALD 0.94 (0.78-1.45) 0.706
Cirrhosis 0.81 (0.89-1.71) 0214
Etiology 1.04 (0.85-1.09) » 051 ‘
Child-Pugh class 0.72 (105-1.82) I 0.019 ‘
BCLC stage 0.47 (1.7-2.62) <0.001 ‘
TN. 1.47 (1.04-2.73) » <0.001 1.62 (1.01-2.22) 000t |
TS. 1.53 (1.08-2.44) <0.001 1.69 (1.06-1.93) 0.017
Ablative modality 1.08 (0.8-1.07) 0298
WBC (1079/L) 1.02 (0.93-1.04) 0494
Neu (10A9/L) 1.0 (0.94-1.07) 0914
Lym (10A9/L) 1.26 (1.06-1.95) 0.014 1.21 (1.09-2.19) 0.049
Mon (10A9/L) 0.8 (0.81-1.95) 0315
Hb (g/L) 101 (0.99-1) 0.069
PLT (10A9/L) 1.0 (0.98-12) v 0119
ALT (U/L) 1.0 (0.98-1.1) 0442
AST (U/L) 0.9 (0.9-1.01) 0097
TBIL 0.98 (1.01-1.03) 0.016
DBIL 1.06 (1.02-1.08) 0.005 1.05 ( 1.01-1.08) 0.014
Total.alb | 1.01 (0.98-1.01) 0.201
Alb (g/1) 105 (0.93-0.98) v 0.001
Glob (g/L) 0.98 (0.99-1.05) » 0072
GGT(U/L) 1.12 (1.01-1.46) <0.001 1.23 (1.00-1.31) 0.003
ALP (U/L) 1.0 (1.01-1.02) 0.004
Palb (U/L) 0.79(0.69-0.98) <0.001 0.89 (0.61-0.97) 0.021
INR 0.18 (2-1537) 0.001
Fib (g/L) 0.97 (0.9-1.19) 0.65
PT (g/L) 0.87 (1.06-1.25) 0.001

ALD, alcoholic liver cancer; HBV, hepatitis B virus; BCLC, Barcelona Clinic Liver Cancer; T.N, tumor number; T.S, tumor size; RFA, radiofrequency ablation; MW A, microwave ablation; WBC,
leukocyte; Neu, neutrophil; Lym, lymphocyte; Mon, monocyte; Hb, hemoglobin; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct
bilirubin; ALB, albumin; Palb, prealbumin; GGT, gamma glutamyl transferase; ALP, alkaline phosphatase; INR, international normalized radio; Fib, fibrous protein; PT, prothrombin time.
Bold values represent statistically significant differences.





OEBPS/Images/fonc-13-1206345-g004.jpg
Net benefit

000 008 010 015 020 025

005

00

01

02

T
03

Threshold probabilty

C

Net berefit

08

04

02

00

04

05

-

00

02

T
04

‘Threshoid probabilty

A
None
Nomogram

“Throshold orobebilly

08

08






OEBPS/Images/table3.jpg
Prognostic AUROC AUROC for  AUROC for

biomarkers for 1 year 3 years 5 years
Nomogram 0.721 0.825 0.845
PLR 0612 0.645 0671
NLR 0713 0742 0.769
MLR 0.698 0727 0748
GLR 0619 0632 0.653
ALBI 0523 0531 0597

PLR, platelet to lymphocyte ratio; NLR, nrutrophil to lymphocyte ratio; MLR, Monocyte to
lymphocyte ratio; GLR, gamma-glutamyl tranferase to lymphocyte ratio; ALBI, albumin-bilirubin.





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc.2023.1206345_cover.jpg
& frontiers | Frontiers in Oncology

Development and validation of a nomogram
to predict the recurrence of hepatocellular
carcinoma patients with dynamic changes in
AFP undergoing locoregional treatments





OEBPS/Images/fonc-13-1206345-g001.jpg
Points
Gender
TN.

TS.

Lym

DBIL

GGT

Palb

Total Points
1-year RFS
3-year RFS

5.year RFS

Miille
T
Female MulEipI e
Sin'gle >3cm
<3cm

0 0.5 1 1.5 2 25 3 35 4 45

r T T T T T 1

0 5 10 15 20 25 30

T T d
0 20 40 60 80 120 160 200 240 280

T T T T
350 300 250 200 150 100 50 0

—— - — - -——————————————
0 50 100 150 200 250 300
r T T —p——— T T T 1

09 085 0.80 070 060 050 040 030 020

r T T ]
085 080 070 060 050 040 030 0.2 0.10

r T T 1
080 070 060 050 040 030 020 010





OEBPS/Images/table1.jpg
Characteristic i Validation cohort(N P value

Age 56.74 + 8.85 56.95 + 8.60 0.797
Gender 0.077
Male 281(83.9%) 142(77.6%)

Female 54(16.1%) 41(22.4%)

Hypertension 0318
Yes 255(76.1%) 132(72.1%)

No 80(23.9%) 51(27.9%)

Diabetes 0.479
Yes 273(81.5%) 144(78.7.5)

No 62(18.5%) 39(21.3%)

Antiviral 0.581
Yes 157(46.9%) 88(48%)

No 178(53.1%) 95(52%)

Smoking 0.554
Yes 183(54.6%) 95(51.9%)

No 152(45.4%) 88(48.1%)

Drinking 0.394
Yes 207(61.8%) 120(65.6%)

No 128(38.2%) 63(34.4%)

ALD 0.109
Yes 271(80.9%) 137(74.9%)

No 64(19.1%) 46(25.1%)

Cirrhosis 0712
Yes 62(18.5%) 35(19.1%)

No 273(81.5%) 148(80.9%)

Etiology 0.435
HBV 308(91.9%) 164(89.6%)

Alcohol 27(8.1%) 19(10.4%)

Child-Pugh class 0.186
A 248(74%) 145(79.2%)

B 87(26%) 38(20.8%)

BCLC stage 0.207
0 105(31.3%) 66(36.1%)

A 189(56.4%) 103(54.3%)

B 41(12.2%) 14(7.6%)

TN. 0.436
Single 225(67.2%) 129(70.5%)

Multiple 110(32.8%) 54(29.5%)

T.S. 0.367
<3cm 210(62.7%) 122(66.7%)

23cm 125(37.3%) 61(33.3%)

Ablative modality 0.061
RFA 173(51.6%) 132(72.1%)

MWA 82(24.5%) 46(25.1%)

AHC 80(23.9%) 5(2.8%)

‘WBC (1019/L) 507 £222 532 £2.33 0.235
Neu (1079/L) 321+183 3.44 £1.96 0.189
Lym (1079/L) 1.28 + 0.67 1.32 £ 0.69 0.535
Mon (1079/L) 043 027 0.41 +£0.23 0.575
Hb (g/L) 130.2 £ 19.14 130.44 = 18.07 0.333
PLT (1079/L) 122,51 + 63.90 127.21 + 67.21 0.432
ALT (U/L) 31.36 + 21.85 28.83 + 15.92 0.173
AST (U/L) 31.52 + 15.37 299 + 1491 0.248
TBIL (umol/L) 18.85 £9.71 19.31 £ 9.68 0.612
DBIL (umol/L) 5.44 + 3.96 5.88 + 4.64 0.481
Total.alb (g/L) 64.90 £ 8.05 65.49 £ 7.67 0.419
Alb (g/L) 37.66 + 4.99 3745 +£422 0.629
Globulin (g/L) 27.77 £5.01 28.27 £527 0.286
GGT (U/L) 64.61 + 49.20 66.63 + 58.29 0.677
ALP (U/L) 86.28 + 34.03 85.25 + 32.41 0.739
Palb (U/L) 125.33 +53.26 129.61 + 39.66 0.795
INR 1.07 £ 0.12 114 £0.13 0.821
Fib (g/L) 2.77 £ 091 2.95 £ 1.05 0.145
PT (g/L) 12.25 £ 1.47 12.83 £ 147 0.231

ALD, alcoholic liver cancer; HBV, hepatitis B virus; BCLC, Barcelona Clinic Liver Cancer; T.N, tumor number; T.S, tumor size; RFA, radiofrequency ablation; MWA, microwave ablation; WBC,
leukocyte; Neu, neutrophil; Lym, lymphocyte; Mon, monocyte; Hb, hemoglobin; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct
bilirubin; ALB, albumin; GGT, gamma glutamyl transferase; ALP, alkaline phosphatase; Palb, prealbumin; INR, international normalized radio; Fib, fibrous protein; PT, prothrombin time.





