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Objective

To explore the prognostic value of radiological features and serum indicators in patients treated with postoperative adjuvant transarterial chemoembolization (PA-TACE) and develop a prognostic model to predict the overall survival (OS) of patients with hepatocellular carcinoma (HCC) treated with PA-TACE.



Method

We enrolled 112 patients (75 in the training cohort and 37 in the validation cohort) with HCC treated with PA-TACE after surgical resection at the Affiliated Hospital of Nantong University between January 2012 and June 2015. The independent OS predictors were determined using univariate and multivariate regression analyses. Decision curve analyses and time-dependent receiver operating characteristic curve analysis was used to verify the prognostic performance of the different models; the best model was selected to establish a multi-dimensional nomogram for predicting the OS of HCC patients treated with PA-TACE.



Result

Multivariate regression analyses indicated that rim-like arterial phase enhancement (IRE), peritumor capsule (PTC), and alanine aminotransferase to hemoglobin ratio (AHR) were independent predictors of OS after PA-TACE. The combination of AHR had the best clinical net benefit and we constructed a prognostic nomogram based on IRE, PTC, and AHR. The calibration curve showed good fit between the predicted nomogram’s curve and the observed curve.



Conclusion

Our preliminary study confirmed the prognostic value of AHR, PTC, and IRE and established a nomogram that can predict the OS after PA-TACE treatment in patients with HCC.





Keywords: postoperative adjuvant transarterial chemoembolization, Alanine aminotransferase to hemoglobin ratio, prognosis, nomogram, peritumor capsule, rim-like arterial phase enhancement, hepatocellular carcinoma



Introduction

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors, the fifth most common malignancy, and the third-leading cause of cancer-related death worldwide; moreover, its incidence and mortality rates are increasing (1). Owing to its high recurrence rate, long-term effects of surgical resection are poor (2, 3). Therefore, transarterial chemoembolization (TACE) and other treatments after surgical resection are increasingly accepted by clinicians (4).

Simultaneously killing cells by restricting blood supply and infusion with chemotherapy drugs are the main contributions of TACE to treating HCC (5). The latest Chinese Guidelines for Diagnosis and Treatment of Primary Liver Cancer (2022 Edition) recommends postoperative adjuvant TACE (PA-TACE) in case of high-risk recurrence factors, such as tumor thrombus formation and multiple tumors, to reduce recurrence and prolong survival. PA-TACE has been shown to improve the overall survival (OS) of patients with HCC and portal vein tumor thrombus after surgical resection or patients diagnosed with B stage tumors according to the Barcelona Clinic Liver Cancer evaluation system (6, 7). However, whether patients can benefit from PA-TACE remains controversial (8), As the responses to TACE in patients with HCC is variable (9), it is necessary to identify the patients who can benefit from PA-TACE and implement individualized treatments.

The prognosis of HCC is closely related to liver function and systemic conditions. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are often indicators of liver function in clinical settings. Many studies have reported the relationship of ALT with the recurrence and low survival rate of hepatitis B virus-related HCC (10, 11). Hemoglobin (Hb) can reflect anemia and be used to predict HCC’s prognosis (12). The alanine aminotransferase to hemoglobin ratio (AHR) has been reported to predict progression-free survival in patients treated with TACE (13). However, the relationship between AHR and OS after TACE remains unclear.

In addition, the tumor nature is itself an important factor affecting the prognosis of HCC (14). Imaging is an important examination method for identifying tumor nature before surgery. Computed tomography (CT) is the preferred examination method for HCC because of its efficiency and economic advantages (15). CT is often used to predict the prognosis of TACE, but its radiological features are neglected in this case. However, the predictive ability of multiple markers is often more advantageous than using a single marker. Therefore, in the prognostic model constructed in this study, we included two additional radiological features (rim-like arterial phase enhancement [IRE] and peritumor capsule [PTC]).

This study aimed to explore the relationship between the radiological features of HCC, AHR after surgical resection, and prognosis of PA-TACE. We also constructed a prognostic nomogram including IRE, PTC, and AHR to predict the OS of patients undergoing PA-TACE.



Materials and methods


Study patients

Between January 2012 and June 2015, we identified a consecutive series of 149 patients with HCC who underwent PA-TACE at the Affiliated Hospital of Nantong University, Nantong, China. The inclusion criteria for this study were: (1) clinical diagnosis of HCC; (2) PA-TACE within 2 months after surgical resection; (3) complete preoperative images and postoperative serum data; (4) no other malignant tumors; and (5) no extrahepatic metastasis. Thirty-seven patients were excluded based on these criteria: (1) receiving other therapies before surgical resection (n = 24); (2) having radiological images from other hospitals (n = 10); and (3) missing follow-up data (n = 3). Ultimately, 112 patients were included in the study. All patients provided written informed consent before surgery. The patients were randomly divided into training (n = 75) and validation (n = 37) cohorts.



Data collection and follow-up

The following clinical and laboratory data were extracted from the medical records system: name; age; sex; presence of cirrhosis; alpha-fetoprotein, AST, ALT, Hb, and albumin levels; white cell, lymphocyte, and platelet counts; and AHR, defined as the ratio of ALT to Hb at the first laboratory examination after surgical resection. Cut-off AHR values were determined using receiver operating characteristic (ROC) curve analysis.

IRE was defined as irregular hyper-enhancement at the tumor edge and hypo-enhancement at the center in the arterial phase. PTC was defined as a capsule-like lesion with clear boundary hyper-enhancement around the tumor parenchyma in the arterial phase (Figures 1A–C). Two radiologists with >5 years of work experience judged whether the patient had IRE or PTC, while being blinded to the patients’ AHR. OS was defined as the time from PA-TACE to death or the last follow-up.




Figure 1 | Enhanced CT for PTC (A), IRE (B), and both PTC and IRE (C), CT, computed tomography; PTC, peritumor capsule; IRE, rim-like arterial phase enhancement.





Construction of models and the nomogram

We developed two models to compare the training and validation cohorts. The prognostic value of the two models was determined by decision curve analyses (DCA) and time-dependent ROC analyses. The best model was selected to construct the nomogram for the entire cohort. Model 1 included IRE, PTC, and AHR, and Model 2 included only IRE and PTC.



Statistical analysis

The t-test was used to analyze continuous variables with a normal distribution. The Wilcoxon rank-sum test was used to analyze continuous variables not conforming to a normal distribution. For classified data, we chose the χ2 test when each level met the requirements of frequency >5 and total sample size >40; otherwise, the Fisher precision probability test was used. We used the “survival” package in R software, version 3.6.3 (R Foundation for Statistical Computing, Vienna, Austria), to perform univariate and multivariate Cox regression analyses and used variables with a P-value <0.1 in univariate analysis for multivariate analysis. In addition, we used the “survival” and “stdca.R” packages in R to perform DCA for evaluating the clinical application of different models and the nomogram (16). Time-dependent ROC curves were analyzed using the “timeROC” package in R and visualized by the ggplot2 package (17). The nomogram and calibration curves were analyzed and visualized using the “rms” package in R.

All statistical analyses were performed using SPSS, version 26.0 (IBM Corp., Armonk, NY, USA) and R software version 3.6.3. We considered a P-value <0.05 as statistically significant.




Results


Patient characteristics

The patient characteristics of the two cohorts are shown in Table 1. The death status (P = 0.139) and OS (P = 0.194) did not significantly differ between the training and validation cohorts. In addition, the clinical parameters, laboratory data, and radiological characteristics were similar between the training and validation cohorts. These findings indicate no significant difference in baseline data between the two cohorts; the two cohorts were homogeneous and comparable, which served as basis for our subsequent analysis.


Table 1 | Baseline patient data in the two cohorts.





Prognostic factors of OS in the training cohort

First, we determined the optimal AHR cut-off value to be 0.940, with an area under the curve (AUC) of 0.554 (95% confidence interval [CI]: 0.410–0.698), sensitivity of 28.6%, and specificity of 93.6% (Table 2). Univariate analysis showed that PTC (hazard ratio [HR] = 0.314; 95% CI: 0.135–0.732; P = 0.007) and AHR >0.94 (HR = 6.376; 95% CI: 2.584–15.735; P <0.001) were risk factors for OS (Table 3). Second, we performed multivariate analysis on parameters with a P-value <0.1 in univariate analysis. The result showed that IRE (HR = 2.8; 95% CI: 1.186–6.608; P = 0.019), PTC (HR = 0.401; 95% CI: 0.166–0.965; P = 0.041), and AHR >0.94 (HR = 6.698; 95% CI: 2.561–17.519; P <0.001) were independent predictors of OS (Table 3). We observed no significant differences in IRE in univariate analysis (hazard ratio [HR] = 2.204; 95% CI: 0.990–4.906; P = 0.053). However, after multivariate analysis, IRE became an independent prognostic factor for OS.


Table 2 | \Cut-off value and AUC of the AHR after surgical resection.




Table 3 | Univariable and multivariable Cox analyses of OS in the training cohort.





Optimal model for predicting the OS of patients treated with PA-TACE

We established two models: Model 1, consisting of IRE, PTC, and the AHR; and Model 2, consisting of IRE and PTC. This design allowed us to observe differences in radiological characteristics with or without the AHR. Based on the 2-year DCA of the training cohort, Models 1 and 2 had a similar clinical net benefit (Figure 2A), but the clinical net benefit of Model 1 at 4 and 6 years was better than that of Model 2 in the training cohort (Figures 2A–C). In the validation cohort, we found that the net clinical benefit of Model 1 at 2, 4, and 6 years was better than that of Model 2 (Figures 2D–F).




Figure 2 | Decision curve analyses of Models 1 and 2 at 2, 4, and 6 years in the training (A–C) and validation cohorts (D–F). The green and gray line indicates that all patients were dead or alive, respectively. The blue and red line indicates the clinical net benefit of Model 1 and 2 at different threshold probabilities.



The time-dependent ROC curves indicated AUC values of Model 1 in the training cohort of 0.840, 0.836, and 0.732 at 2, 4, and 6 years, respectively. In contrast, those in the validation cohort were 0.722, 0.793, and 0.776 at 2, 4, and 6 years, respectively (Figures 3A, C). However, the AUC values of Model 2 in the training cohort were 0.810, 0.737, and 0.664 at 2, 4, and 6 years, respectively, whereas those in the validation cohort were 0.687, 0.751, and 0.721 at 2, 4, and 6 years, respectively; lower than those of Model 1 (Figures 3B, D).




Figure 3 | The AUC value of Model 1 is higher than that of Model 2 at 2, 4, and 6 years in the training (A, B) and validation cohorts (C, D).AUC, area under the curve; TPR, true positive rate; FPR, false positive rate.



The results above show better predictive performance of Model 1 compared to Model 2. Based on its performance, we selected Model 1 as the final model.



Establishment and verification of the nomogram

We found superior predictive ability of the combination of three indicators to the individual predictive ability. Further, we used PTC, IRE, and the AHR to establish a nomogram to predict the OS of patients treated with PA-TACE (Figure 4). The calibration curve showed a good fit between the predicted curve of the nomogram and the observed curve at 2, 4, and 6 years (Figures 5A–C). Moreover, DCA showed that the nomogram had an excellent net clinical benefit at 2, 4, and 6 years (Figures 5D–F).




Figure 4 | Prognostic nomogram for predicting OS of patients treated with PA-TACE. OS, overall survival; PA-TACE, postoperative adjuvant transarterial chemoembolization; IRE, rim-like arterial phase enhancement; PTC, peritumor capsule; AHR, alanine aminotransferase to hemoglobin ratio.






Figure 5 | Calibration curve showing good fit between the predicted nomogram curve and the observed curve (A–C). DCA of the nomogram at 2, 4, and 6 years. The green and gray line indicates that all patients were dead or alive, respectively. The red line indicates the clinical net benefit of the nomogram at different threshold probabilities (D–F). DCA, decision curve analysis.






Discussion

In this study, we constructed two models to predict PA-TACE prognosis. Using DCA and ROC analysis, we found better predictive performance of Model 1 compared to Model 2. This shows better predictive performance of the multi-dimensional model than that of simple radiological features. We used these three indicators to establish a nomogram to predict the OS after PA-TACE. The calibration curve showed a good fit between the predicted and observed curves of the nomogram. Clinically, ALT and Hb are part of routine blood tests on admission or discharge. In addition, an important means for diagnosing HCC is enhanced CT examination. The enhanced CT image allows identifying whether the patient has PTC or IRE, information usually included in the radiologist’s report. Intervening doctors can quickly obtain these three indicators and predict the OS of patients using our nomogram for assistive judgment of patient suitability for PA-TACE. The current scoring system for TACE includes patients who only received TACE treatment. The data in this study included patients who received PA-TACE after surgery; a more specific concept. Compared with other scoring systems such as HAP and ART, the data in our prognostic model is easier to obtain, having verified clinical effects (18–20).

Increased ALT indicates damage to liver function and represents the formation of a tumor microenvironment conducive to the development of HCC (21, 22). A decrease in Hb indicates that the oxygen carried by red blood cells is decreased and that the tissue is in a state of hypoxia. A hypoxic microenvironment may increase the expression of angiogenic factors, such as hypoxia-inducible factor 1α and vascular endothelial growth factor, associated with poor prognosis of TACE (23–25). In this study, we found that ALT and Hb cannot be used to predict the OS after PA-TACE, but the AHR was an independent prognostic factor, which may result from the interaction of many factors. Thus, unveiling the underlying mechanism requires further research.

The impact of the presence or absence of PTC on prognosis is controversial (26). Some studies have suggested that PTC prevents HCC invasion. In clinical practice, presence or absence of PTC affects the surgical resection method. The scope of HCC resection with a capsule is often smaller, resulting in less damage to liver function. HCC without a capsule is more likely to spread and cause more significant damage to liver function after surgical resection, which may lead to a worse clinical response of patients to PA-TACE. Surgeons often worry about HCC invasion depth without a capsule and tend to expand the resection area (26–28). In our study, patients with PTC had a better prognosis after PA-TACE than those without. In previous studies, IRE was considered an invasive marker of HCC and associated with early recurrence after radiofrequency ablation (29). Similarly, the present study also found that patients with IRE had a worse prognosis than those without.

This study has few limitations. In the past, PA-TACE was not often used after surgical resection; therefore, few patients were enrolled. Despite the relatively small sample size of our study, our predictive model was verified in the validation cohort. Moreover, our study is a single-center study. In the future, to improve our prognosis model, we will cooperate with other hospitals to improve on the generalizability of our nomogram.

In conclusion, our study used radiological features and serum indicators to establish a nomogram for predicting the OS of patients with HCC treated with PA-TACE. This predictive model can quickly determine whether patients can benefit from PA-TACE after surgical resection of HCC.
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OEBPS/Images/table2.jpg
Parameter Cut-oft value AUC Sensitivity (%) Specificity (%) 95% CI of AUC

AHR 0.940 0.554 28.6% 93.6% 0.410-0.698

AUC, area under the curve; CI, confidence interval; AHR, alanine aminotransferase to hemoglobin ratio.





OEBPS/Images/table3.jpg
Characteristics Total (N) HR (95% CI) Univariate analysis P HR (95% CI) Multivariate analysis P

Age 75 1.024 (0.983-1.066) 0.252
Child-pugh 75 0.783
B 72 Reference
A 3 1.329 (0.176-10.038) 0.783
Cirrhosis 75 1.128 (0.501-2.539) 0.772
AFP 75 0.114
<400 53 Reference
2400 22 1.917 (0.855-4.300) 0.114
IRE 75 0.053
Absent 47 Reference
Present 28 2.204 (0.990-4.906) 0.053 2.800 (1.186-6.608) 0.019
PTC 75 0.007
Absent 42 Reference
Present 33 0.314 (0.135-0.732) 0.007 0.401 (0.166-0.965) 0.041
ALT 75 1.000 (0.999-1.001) 0.841
Hb 75 1.009 (0.988-1.030) 0.422
AHR 75 < 0.001
<0.94 64 Reference
> 0.94 11 6.376 (2.584-15.735) <0.001 6.698 (2.561-17.519) < 0.001

HR, hazard ratio; OS, overall survival; AFP, alpha-fetoprotein; IRE, irregular rim-like arterial phase enhancement; PTC, peritumor capsule; ALT, alanine aminotransferase; OS, overall
survival; SD, standard deviation; AHR, alanine aminotransferase to hemoglobin ratio.
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OEBPS/Images/table1.jpg
Characteristic

Sex, n (%)
Female
Male
AFP, n (%)
<400
2400
IRE, n (%)
Absent
Present
PTC, n (%)
Absent
Present
Child-pugh, n (%)
A
B
Cirrhosis, n (%)
Absent
Present
Status, n (%)
Alive
Dead
Age, mean + SD
AST, mean + SD
ALT, mean + SD
ALB, mean + SD
WBC, mean + SD
LY, mean + SD
PLT, mean + SD
Hb, mean + SD
OS day, mean + SD

Training cohort n =75

12 (16%)
63 (84%)

53 (70.7%)
22 (29.3%)

47 (62.7%)
28 (37.3%)

42 (56%)
33 (44%)

3 (4%)
72 (96%)

23 (30.7%)
52 (69.3%)

47 (62.7%)
28 (37.3%)
55.17 + 9.66
41.77 £ 33.25
45.72 + 39.78
38.58 + 4.58
5.09 £ 1.5
1.65 + 0.53
153.31 + 61.86
14259 + 16.37
1666.93 + 800.56

Validation cohort n = 37

10 (27%)
27 (73%)

21 (56.8%)
16 (43.2%)

16 (43.2%)
21 (56.8%)

21 (56.8%)
16 (43.2%)

1 (2.7%)
36 (97.3%)

13 (35.1%)
24 (64.9%)

17 (45.9%)
20 (54.1%)
54.49 + 9.39
39.32 + 14.19
41 +24.38
37.6 + 4.05
472+ 1.1
1.51 + 0.46
151.46 + 57.89
137.32 £ 13.87
1459.05 + 773.56

0.259

0211

0.081

1.000

1.000

0.794

0.139

0.722
0.669
0.509
0.269
0.193
0.160
0.880
0.096
0.194

AFP, alpha-fetoprotein; IRE, irregular rim-like arterial phase enhancement; PTC, peritumor capsule; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALB, albumin; WBC,
white blood cell; LY, lymphocyte count; PLT, platelet count; Hb, hemoglobin; OS, overall survival; SD, standard deviation.





