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Background

The prognosis of patients with hepatocellular carcinoma (HCC) remains difficult to accurately predict. The purpose of this study was to establish a prognostic model for HCC based on a novel scoring system.



Methods

Five hundred and sixty patients who underwent a curative hepatectomy for treatment of HCC at our hospital between January 2007 and January 2014 were included in this study. Univariate and multivariate analyses were used to screen for prognostic risk factors. The nomogram construction was based on Cox proportional hazard regression models, and the development of the new scoring model was analyzed using receiver operating characteristic (ROC) curve analysis and then compared with other clinical indexes. The novel scoring system was then validated with an external dataset from a different medical institution.



Results

Multivariate analysis showed that tumor size, portal vein tumor thrombus (PVTT), invasion of adjacent tissues, microvascular invasion, and levels of fibrinogen and total bilirubin were independent prognostic factors. The new scoring model had higher area under the curve (AUC) values compared to other systems, and the C-index of the nomogram was highly consistent for evaluating the survival of HCC patients in the validation and training datasets, as well as the external validation dataset.



Conclusions

Based on serum markers and other clinical indicators, a precise model to predict the prognosis of patients with HCC was developed. This novel scoring system can be an effective tool for both surgeons and patients.
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Introduction

Primary hepatocellular carcinoma (HCC) is one of the most prevalent malignant tumors and ranks as the second leading cause of cancer-related death worldwide (1). Surgery is the most effective treatment for the majority of patients and provides an opportunity for longer survival times. However, the cancer recurrence rate and prognosis are still not optimistic even after radical resection, and the 5-year survival rates remain poor (2). Due to its high mortality, HCC remains an important public health burden in China (3). Therefore, it is urgent to further explore the precise markers that can evaluate the progression and prognosis of HCC.

There are many scoring systems with significant value for predicting the prognosis of HCC patients. The internationally accepted systems for evaluating the prognosis and progression of HCC include the Barcelona Clinic Liver Cancer (BCLC) staging system, the Okuda staging system (Okuda), the Cancer of the Liver Italian Program (CLIP) and the seventh edition of the TNM (TNM seventh) system (4–6). In recent years, serum markers that reflect liver function have received more attention. Among them, a simple model based on gamma-glutamyl transpeptidase (GGT) and platelets can predict survival in hepatitis B-associated HCC (7). Additionally, Forns index predicts recurrence and death in patients with HCC after a curative resection (8), and some evidence has shown that the S-index (a simpler mathematical model) is related to the degree of liver cirrhosis and fibrosis (9). However, there are few studies comparing the prognostic value of liver function markers and exploring a reliable model (including complete liver function markers and pathological characteristics) for HCC patients. Nomograms have shown excellent performance in the prediction of colon cancer and other tumors (10, 11). In this study, a nomogram was built to predict the overall survival of HCC patients.



Materials and Methods


Patient Inclusion and Exclusion Criteria

Blood tests and clinical data were collected from 560 HCC patients who were hospitalized at the First Affiliated Hospital of Anhui Medical University between January 2007 and January 2014. These patient data were used for the training and validation of the proposed model. Basic information was also received from 180 HCC patients who were hospitalized at the First Affiliated Hospital of Wenzhou Medical University between January 2014 and January 2016, and these patient data were used for additional external validation of the proposed model. This research was approved by the Ethical Committee and Institutional Review Board of the First Affiliated Hospital of Anhui Medical University and the First Affiliated Hospital of Wenzhou Medical University. Signed informed consent was obtained from every patient.

Patient data were analyzed retrospectively for this study. The inclusion criteria included: 1) confirmed HCC diagnosis by pathology; 2) definite surgery; 3) peripheral blood tests obtained within one week prior to surgery; and 4) signed informed consent. The exclusion criteria included; 1) previous malignancies or various primary tumors; 2) undergone radiation treatment or chemotherapy previously prior to the surgery; 3) the presence of certain diseases that could influence peripheral blood cell counts; 4) HCC patients that could not undergo curative resection, such as those with distant metastases; and 5) patients with severe diseases that prevent them from having surgery, such as severe vital organ damage. A final cohort of 560 from the original 812 patients with HCC were included in this study for analysis. All cases were randomly grouped into either the training set or validation set at a 7:3 ratio using a computerized method.



Data Collection and Follow-Up

Patient demographic and clinical pathology data were gathered at the medical record room of our hospital. The information that was collected included: age, gender, body mass index (BMI), tumor size, number of tumors, differentiation grade, presence or absence of cirrhosis, history of alcohol abuse, portal hypertension, microvascular invasion, invasion of adjacent tissue, portal vein tumor thrombus (PVTT), intrahepatic transfer and test results of the surface antigen of the hepatitis B virus (HBsAg). PVTT (which indicates that the liver tumor has invaded the portal vein system) was diagnosed by computed tomography (CT), magnetic resonance imaging (MRI) or ultrasound. Routine laboratory data that were collected included: albumin, alpha fetoprotein (AFP), total bilirubin, total cholesterol, prothrombin time, alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transpeptidase (GGT), fibrinogen and platelet counts. Before surgery, the disease progression of each HCC patient was evaluated according to CT and other techniques. Based on these indexes, the stage of HCC was determined according to the classification systems of Child–Pugh, BCLC, TNM, Okuda and CLIP.

Among the 560 HCC patients, the number of right hepatocellular tumors and left hepatocellular tumors are 386 and 174, respectively; 254 tumors are larger than 5cm, the median tumor size is 4cm; Among the patients, 477 cases underwent a major liver resection, and 83 cases had a minor liver resection. The number of open surgeries and laparoscopic surgeries were 345 and 215, respectively.

The patients who were enrolled received prospective follow-up. The follow-up visits were obtained either by telephone or outpatient visits, and were carried out at regular intervals (every 90 days within the first 2 years following surgery, every 180 days between 3 and 5 years post-surgery, and once a year after 5 years). Three-year follow-up information was also obtained from the external group of patients at the other medical center.



Statistical Analysis

Continuous variables were expressed as mean ± standard deviation (SD) and data were analyzed using the Student’s t-test. Categorical variables were expressed as number (percent) and compared using either a Chi-square test or Fisher’s exact test. The univariate and multivariate analyses were carried out using the Cox proportional hazards model. The Kaplan–Meier survival curves were compared using the log-rank test. Harrell’s C-index (concordance index) was used in the nomogram to evaluate the performance of the model. Time-dependent receiver operating characteristic (tdROC) curves and calibration curves were used to verify the accuracy of the novel scoring system in the nomogram. All data analyses was carried out using SPSS (16.0 version) and R Studio software (version 1.1.447).




Results


Baseline Characteristics

Analysis of the baseline characteristics from 560 patients (392 from the training dataset and 168 from the validation dataset) revealed that most of the variables were not statistically different (p > 0.05) between the training and validation groups (Table 1). The baseline demographics and clinical characteristics of patients in external cohort are showed in the Supplementary Table 1.


Table 1 | Baseline demographics and clinical characteristics of patients in training cohort and validation cohort.






Prognostic Factors of the Training Cohort

Univariate risk factors of overall survival (OS) are shown in Table 2. The results showed that classifications of Child–Pugh, BCLC, TNM, Okuda and CLIP, as well as tumor size, PVTT, invasion of adjacent tissues, microvascular invasion, intrahepatic transfer, tumor grade, prothrombin time, and levels of fibrinogen, albumin, total bilirubin, total cholesterol, ALT and GGT were significant indicators of OS. These significant indicators from the univariate analysis (p values less than 0.05), but not the other classification systems, were included in the multivariate analysis to build a simple nomogram. The results showed that tumor size, PVTT, invasion of adjacent tissues, microvascular invasion, fibrinogen and total bilirubin were independent prognostic factors for OS (Table 3).


Table 2 | Univariate analysis of the training cohort.




Table 3 | Multivariate analysis of the training cohort.





Prognostic Nomogram for Survival

Based on the Cox regression model, a nomogram was constructed to predict OS of patients with HCC (Figure 1). To construct this nomogram, each subgroup variable was assigned a corresponding score according to the specific situation of each HCC patient. A point system was used to assign a score ranging from 0 to 100 to each subgroup variable. Then, the corresponding 1-, 3-, and 5-year OS rates were predicted. The nomogram scoring system is presented in Table 4.




Figure 1 | Nomogram for predicting overall survival (OS) after curative resection of livers in patients with hepatocellular carcinoma (HCC).




Table 4 | Nomogram Scoring System.





Validation of the Nomogram

Calibration curves were used to verify the performance of the model in predicting OS of HCC patients (Figures 2 and 3). The C-index of the model in the training group was 0.695 (95% confidence interval [CI]: 0.644–0.746), and in the validation group was 0.672 (95% CI: 0.592–0.753). To further validate the performance of the model, the ROC curve was plotted for the nomogram and compared to the other scoring systems (Figure 4). The area under the ROC curve (AUC-ROC) of the nomogram was larger than those from the Child-Pugh classification, BCLC, TNM, Okuda and CLIP. Additionally, the tdROC curves of the nomogram (1, 3, and 5 years) were plotted for the training and validation groups (Figures 5 and 6), and the AUCs indicated good performance of the predictive model.




Figure 2 | Calibration curves of the prognostic monogram for the (A) 3-year overall survival (OS) and (B) 5-year OS in the training dataset.






Figure 3 | Calibration curves of the prognostic nomogram for the (A) 3-year overall survival (OS) and (B) 5-year OS in the validation dataset.






Figure 4 | The receiver operating characteristic (ROC) curve of the prognostic nomogram in the training dataset compared with other systems.






Figure 5 | The time-dependent receiver operating characteristic (tdROC) curve of the prognostic nomogram in the training group.






Figure 6 | The time-dependent receiver operating characteristic (tdROC) curve of the prognostic nomogram in the validation group.





Kaplan-Meier Survival Curves

Furthermore, the patients were stratified into three subgroups based on cutoff-values of the nomogram (low risk: < 30; intermediate risk: 30–50; and high risk: > 50; Figure 7). The Kaplan–Meier curves revealed excellent prediction results of this novel scoring model.




Figure 7 | Survival curves stratified by the score calculated using the nomogram in the training cohort (low risk: < 30; intermediate risk: 30–50; and high risk: > 50).





External Validation of the Developed Model

According to the scoring of the nomogram developed with the training group, the 1-year (Figure 8) and 3-year (Figure 8) calibration curves as well as the tdROC curve (Figure 9) of the external test population were analyzed. The C-index was 0.718 (95% CI: 0.565–0.944). These results indicate that the results from the external group were highly consistency with those of the training group.




Figure 8 | Calibration curves of the prognostic nomogram for the (A) 1-year overall survival (OS) and (B) 3-year OS in the external population.






Figure 9 | The time-dependent receiver operating characteristic (tdROC) curve of the prognostic nomogram in the external population.






Discussion

Surgery is considered the only means of curative treatment for HCC. Due to the limitation of diagnostic techniques, it is often difficult to detect HCC early, which leads to a poor prognosis in many patients (3). Therefore, in an effort to improve the prognosis of HCC, many scholars have made considerable contributions to the field. There separate prognostic systems, TNM stage, BCLC and CLIP, were defined but these models are complex and difficult to use. Therefore, studies to develop a simple prognostic scoring system have been widely performed in recent years. Certain studies have shown that elevated levels of serum markers especially liver function indexes, may be associated with the poorer prognosis of HCC patients. For example, ALT, AST, and GGT are significantly related to the survival of HCC patients (12). To the best of our knowledge, this study is the first attempt to develop a prognostic nomogram that combined regular serum markers (complete liver function indexes) and clinical pathology characteristics to estimate the probability of 1-, 3,- and 5-year OS rates. This novel prognostic nomogram was more accurate in making predictions for the prognosis of HCC compared with the other prognostic systems.

Based on the results of the multivariate analysis, tumor size, PVTT, invasion of adjacent tissues, microvascular invasion, fibrinogen and total bilirubin were independent prognostic factors for OS. Therefore, we developed a nomogram using these markers. The C-index was 0.695, which indicated that this new model is accurate in predicting the prognosis of HCC. Moreover, the C-index from the analysis of the external group was 0.718, and the tdROC curve and calibration curves revealed excellent outcomes in the training and validation groups. Therefore, this nomogram based on multiple factors including serum components and pathology characteristics has reliable prognostic value for HCC patients.

In recent years, nomograms have shown high reliability for predicting tumor prognosis as a statistical model. Importantly, nomograms have better value in predicting prognosis than TNM stage in many cancers (13, 14). This model has been identified as a new standard, and our study reached the same conclusion: the AUC of the nomogram was larger than the AUCs for the Child–Pugh, TNM stage, BCLC and CLIP classification systems. This nomogram is composed of simple markers that can be easily applied in a clinic setting. A point was used to assign a value between 0 and 100 for each variable for each HCC patient after surgery. This scoring system involves calculating the total points and predicting the 1- and 3-year survival rates according to the nomogram, so the novel nomogram is useful to assess the survival of patients that have undergone liver resection and help decide on the appropriate treatment. For example, high risk scores of patients should have more attention given to follow-up and adequate treatment strategies after the surgery.

Six independent risk factors were included in the nomogram. Tumor size, invasion of adjacent tissues and microvascular invasion were pathological characteristics that can reflect the progression of the disease, and these results were consistent with previous studies (15–17). Additionally, PVTT, fibrinogen and total bilirubin were also independent risk factors. PVTT is a serious problem that can affect the prognosis of cancer patients (18), and patients with PVTT have high recurrence rates (19). A high level of fibrinogen in the serum can lead to the occurrence of PVTT, and a meta-analysis has verified that elevated fibrinogen levels are associated with poor prognosis and advanced tumor progression (20). Total bilirubin, another serum biomarker, has been shown in some studies to play a role in predicting the survival of HCC patients (21, 22). Taken together, these indications should be included as standard markers of disease in HCC patients.

Our research has certain limitations that need to be considered. Firstly, the external population requires additional cases from many other centers in other countries to verify the results, and secondly, the C-index needs to be improved with these additional center studies.

In summary, tumor size, invasion of adjacent tissues, microvascular invasion, PVTT, fibrinogen, and total bilirubin levels were risk factors for the prognosis of HCC patients, and the novel nomogram model developed from these factors has reliable prognostic value for HCC patients.
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