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Solitary large hepatocellular carcinoma (SLHCC) is a specific subtype of HCC with unique characteristics. It is of great interest to assess and stratify the prognosis of SLHCCs after curative resection. In this study, we tried to construct a prognostic nomogram for SLHCC following curative resection through a retrospective analysis of 202 SLHCC cases. Seven prognostic factors were identified and integrated to establish a novel prognostic nomogram, which included tumor size, microvascular invasion, tumor differentiation, Ki67 (%), α-fetoprotein (AFP), carbohydrate antigen 125 (CA125), and HBsAg status. The Harrell's concordance index (C-index) of the nomogram for overall survival (OS) in the training, validation, and whole sets was 0.752, 0.703, and 0.733, respectively. Furthermore, the area under the curve (AUC) of the receiver operating characteristic (ROC) curve of the nomogram for predicting 1-, 3-, and 5-year OS indicated that the nomogram had an optimal discrimination of the prognostic prediction for SLHCC. The total score of each patient was calculated based on the nomogram, and patients were divided into three subgroups: low-risk group (total score ≦ 107), medium-risk group (107 < total score ≤ 125), and high-risk group (total score > 125). The 1-, 3-, and 5-year OS rates of the low-risk, medium-risk, and high-risk groups in the whole set were 89.3 vs. 70.1 vs. 33.3%, 76.6 vs. 37.8 vs. 14.5%, and 69.8 vs. 25.1 vs. 12.5%, respectively (P < 0.001). Similar results were shown in terms of the recurrence-free survival (RFS) rate. By analyzing 101 cases of recurrent tumors, transarterial chemoembolization (TACE) plus radiofrequency ablation (RFA)/surgery was found to prolong patient survival when compared to TACE alone in the low-risk group, but not in the medium/high-risk group. In conclusion, our prognostic nomogram successfully stratifies the prognosis for SLHCC after curative resection, which deserves further study in future clinical practice.
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INTRODUCTION

As the most common primary liver malignancy worldwide, hepatocellular carcinoma (HCC) ranks as the second leading cause of cancer-related death and has increasing incidence (1). The Barcelona Clinic Liver Cancer (BCLC) system is a very practical staging system for HCC, which mainly focuses on tumor size and number, Child–Pugh score, and the Eastern Cooperative Oncology Group (ECOG) performance status, to determine tumor stage and treatment strategies (2). All solitary tumors ≥2 cm were designated as stage A in the updated BCLC staging system (3). For stage A patients with preserved liver function and good performance status, surgical resection or liver transplantation is the recommended curative treatment (2–5).

Among stage A tumors, solitary large HCC (SLHCC) with a diameter >5 cm is worthy of note because of its unique characteristics (6). For example, large HCCs are associated with a higher risk of microvascular invasion (MVI), which is a critical oncological predictor for poor prognosis (7–9). Tsilimigras et al. subclassified SLHCC as BCLC A1 and found that the prognosis of patients with SLHCC after curative resection was similar to that among patients presenting with BCLC-B HCCs (two or three tumors ≥3 cm or ≥ four tumors) (10). Indeed, different outcomes were reported for SLHCC patients following curative resection, which may be due to tumor heterogeneity (11–13). Therefore, it is of great interest to develop an accurate prognostic nomogram to stratify the prognosis of SLHCC patients after curative resection.

To our knowledge, a prognostic nomogram for SLHCC following curative resection has not yet been studied. In the current study, we retrospectively collected the data of SLHCC patients after curative resection in our institution and performed univariate Cox regression analysis and least absolute shrinkage and selection operator (LASSO) regression analysis to identify prognostic factors for SLHCC. Further, we developed and validated a novel nomogram based on these prognostic factors.



MATERIALS AND METHODS


Patient Data

We retrospectively collected and analyzed the data of 202 patients who had an SLHCC (tumor diameter > 5 cm) after R0 resection in Guangdong Provincial People's Hospital between 2008 and 2016. All patients received optimal postoperative therapy provided by multiple disciplinary teams by synthesizing the patients' tumor burden and physical condition. The exclusion criteria included: (a) loss of follow-up within 1 year after surgery; (b) patients with macrovascular invasion or distant metastatic disease; (c) patients who received preoperative anti-inflammatory treatments; (d) patients with preoperative infection, hematological, or inflammatory diseases; and (e) patients with a history of other malignancies. The protocol for this study was approved by the Clinical Research Ethics Committee of Guangdong Provincial People's Hospital, and informed consent was obtained.

The patients' clinicopathological parameters were extracted from medical records, including age, gender, histology of cirrhosis, tumor size, hepatic capsular invasion, microvascular invasion, tumor differentiation (Grades I/II/III/IV), Ki67 (%), neutrophil, lymphocyte, platelet, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), carbohydrate antigen 125 (CA125), carbohydrate antigen 199 (CA199), and HBsAg status. The Ki67 index (%) was determined by dividing the immunohistochemically stained tumor cells by nuclear-stained tumor cells. For further analysis, the enrolled patients were randomly grouped into a training set (n = 122) and a validation set (n = 80).



Follow-Up

All patients with HCC were followed-up at our institution every 3 months for the first 2 years, every 6 months for the next 3 years, and once a year thereafter. Patients routinely received enhanced abdominal computed tomography (CT) scans or magnetic resonance imaging (MRI) every 3 months within the first year and every 6–12 months thereafter. OS was defined as the period from the date of operation to the date of death or final follow-up. RFS was defined as the period from the date of operation to the date of tumor relapse or final follow-up.



Statistical Analysis

SPSS 25.0 software and R 3.5.2 project (http://www.r-project.org/) were used for analysis. The X-tile 3.6.1 software (Yale University, New Haven, CT, USA) (14) was used to calculate the optimal cutoff for continuous clinicopathological parameters, including age, tumor size, Ki67 (%), neutrophil, lymphocyte, platelet, NLR, PLR, α-fetoprotein (AFP), CA125, and CA199. The chi-squared test or Fisher's exact test was used to compare the clinicopathological parameters among the training, validation, and whole sets.

Univariate Cox regression analysis was used to determine prognostic parameters for the OS of SLHCC patients in the training set. Hazard ratio and 95% confidence interval (95% CI) were calculated. Then, among the parameters that were significant in the univariate Cox regression analysis, the key prognostic parameters for OS of SLHCC were further selected by LASSO regression analysis using the R package glmnet. Finally, a nomogram consisting of the key prognostic parameter selected from LASSO regression analysis was constructed using multivariate Cox regression analysis.

The predictive performance of the nomogram in the training set was assessed using the C-index, calibration curve, and AUC of the ROC curve (15). To further evaluate the predictive efficiency of the nomogram, the total scores of each patient in the validation and whole sets were calculated. The scores were used as a single factor to complete Cox regression of the validation and whole sets. Finally, the C-index, calibration curves, and ROC curves were obtained based on the Cox regression analysis.

Furthermore, we divided the patients in the training set into three subgroups (low-risk, medium-risk, and high-risk) according to the optimal cutoff points obtained from the X-tile 3.6.1 software. Patients in the validation and whole sets were also divided into low-, medium-, and high-risk groups according to the same optimal cutoff points in the training set. The 1-, 3-, and 5-year OS rates of each group were calculated, and Kaplan–Meier (KM) survival curves were performed. For all analyses, a value of P < 0.05 was considered statistically significant.




RESULTS


Patient Clinicopathological Characteristics

A total of 202 patients with SLHCC were enrolled in the study. The detailed clinicopathological parameters and optimal cutoff values are summarized in Table 1. The median age of the patients was 53 (range 15–82) years, and 88.6% of the patients were male. The median follow-up time period was 56 months (95% CI, 52.1–59.9) and ranged from 1 to 120 months. The median OS and RFS were 36.0 (95% CI, 25.0–47.0) months and 31.0 (95% CI, 14.3–47.7) months, respectively. The 1-, 3-, and 5-year OS rates were 68.8, 50.0, and 41.0%, while the 1-, 2-, and 3-year RFS rates were 60.5, 52.6, and 47.7%, respectively. During the follow-up period, 121 (59.9%) patients died, and 101 (50.0%) patients had a recurrence before the last follow-up. Meanwhile, we found that all clinicopathological parameters were not significantly different between the training and validation sets (Table 1).


Table 1. Comparison of clinicopathological parameters between the training and validation sets.
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Identification of Prognostic Parameters for SLHCC

To determine the potential prognostic parameters for SLHCC, we first conducted a univariate Cox regression analysis for OS. The results showed that tumor size (HR = 2.21, 95% CI, 1.30–3.75), microvascular invasion (HR = 2.65, 95% CI, 1.63–4.32), tumor differentiation (HR = 1.82, 95% CI, 1.14–2.90), Ki67 (%) (HR = 1.99, 95% CI, 1.12–3.54), AFP (HR = 2.41, 95% CI, 1.38–4.19), CA125 (HR = 1.13, 95% CI, 1.55–4.23), and HBsAg status (HR = 2.15, 95% CI, 1.02–4.5) were unfavorable prognostic parameters for OS in SLHCC patients (Table 2). In addition, we performed LASSO regression analysis and found that all of these seven prognostic parameters were key prognostic parameters for patients with SLHCC (Figure 1).


Table 2. Univariate Cox regression analysis of OS in the training set.
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FIGURE 1. Least absolute shrinkage and selection operator (LASSO) regression analysis identifies seven key prognostic factors for solitary large hepatocellular carcinoma (SLHCC) following curative resection. The seven factors are tumor size, microvascular invasion, tumor differentiation, Ki67 (%), α-fetoprotein (AFP), carbohydrate antigen 125 (CA125), and HBsAg status.




Establishment of a Novel Prognostic Nomogram for OS for SLHCC

The seven prognostic parameters for OS in the training set were integrated into a newly established nomogram (Figure 2). The C-index of the nomogram for OS prediction in the training set was 0.752 (95% CI, 0.693–0.811). The calibration curves for 1-, 3-, and 5-year OS in the training set presented an optimal agreement between the nomogram-predicted and actual observed survival probabilities (Figures 3A–C). For the validation and whole sets, the nomogram also exhibited a high accuracy of OS prediction, with a C-index of 0.703 (95% CI, 0.625–0.781) in the validation set and a C-index of 0.733 (95% CI, 0.686–0.780) in the whole set. The calibration curves for the prediction of 1-, 3-, and 5-year OS in the validation and whole sets also displayed good agreement (Figures 3D–I). For the training set, the AUC values of the nomogram for predicting 1-, 3-, and 5-year OS were 0.858, 0.811, and 0.810, respectively (Figure 4A). Similarly, the AUC of the nomogram for 1-, 3-, and 5-year OS were 0.735, 0.785, and 0.792 in the validation set, and 0.809, 0.799, and 0.803 in the whole set, respectively (Figures 4B,C). These results indicate an optimal discrimination of prognostic prediction by the nomogram for SLHCC.


[image: Figure 2]
FIGURE 2. A predictive nomogram is established for SLHCC following curative resection.
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FIGURE 3. Calibration curves of the nomogram for 1-, 3-, and 5-year OS prediction in the training set (A–C), validation set (D–F), and whole set (G–I).



[image: Figure 4]
FIGURE 4. ROC curve analysis of the nomogram for 1-, 3-, and 5-year OS prediction in the training set (A), validation set (B), and whole set (C).


We further compared our model with a previously reported prognostic score system for SLHCC, which comprises three factors: tumor size, microvascular invasion, and PLR. The results showed that the C-index of the previously reported score system for OS was 0.626 (95% CI, 0.579–0.673), which was statistically lower than the C-index of our model (C-index = 0.733, 95% CI, 0.686–0.780, P < 0.001).



Prognostic Stratification Based on the Nomogram for SLHCC

In order to determine the prognostic stratification classification for SLHCC, we calculated the optimal cutoff points of the nomogram using the X-tile 3.6.1 software in the training set, which were 107 and 125. Thus, the SLHCC patients in the present study were divided into three subgroups: low-risk group (total score ≦ 107), medium-risk group (107 < total score ≤ 125), and high-risk group (total score > 125). The KM survival analysis for OS in the training set showed a significant difference among these three subgroups, in which the low-risk group had the best survival and the high-risk group had the worst survival (Figure 5A). Similar results were also observed in the validation and whole sets (Figures 5B,C). The 1-, 3-, and 5-year OS rates of the low-risk, medium-risk, and high-risk groups in the whole set were 89.3 vs. 70.1 vs. 33.3%, 76.6 vs. 37.8 vs. 14.5%, and 69.8 vs. 25.1 vs. 12.5%, respectively (P < 0.001) (Table 3). The median OS of the low-risk, medium-risk, and high-risk groups in the whole set were 75.0 (95% CI, 65.7–84.3) months, 25.0 (95% CI, 12.6–37.4) months, and 8.0 (95% CI, 6.45–9.56) months, respectively (Table 3). The 1-, 3-, and 5-OS rates and median OS of patients in the low-risk group were significantly higher than those in the medium-risk group and high-risk group (P < 0.001).


[image: Figure 5]
FIGURE 5. Kaplan–Meier survival curves for overall survival (OS) of patients with SLHCC according to the nomogram-based subgroups in the training set (A), validation set (B), and whole set (C). P1, low-risk vs. medium-risk; P2, low-risk vs. high-risk; P3, medium-risk vs. high-risk.



Table 3. 1-, 3-, and 5-year OS rates in low-, medium-, and high-risk groups.
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We further evaluated the predictive power of the nomogram using tumor recurrence as the endpoint event in the whole set. The AUC of the nomogram for 1-, 2-, and 3-year RFS were 0.758, 0.744, and 0.762, respectively (Figure 6A). Then, we performed KM analysis to evaluate the RFS in the low-risk, medium-risk, and high-risk groups. The 1-, 2-, and 3-year RFS rates of the low-risk, medium-risk, and high-risk groups in the whole set were 81.0 vs. 45.0 vs. 45.5%, 71.0 vs. 37.0 vs. 37.5%, and 66.0 vs. 36.4 vs. 22.9%, respectively. Although no difference was observed between the medium- and high-risk groups, the RFS of patients in the low-risk group was significantly higher than that of the patients in the medium-risk and high-risk groups (P < 0.001) (Figure 6B).
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FIGURE 6. (A) ROC curve analysis of the nomogram for 1-, 2- and 3-year recurrence-free survival (RFS) prediction in the whole set. (B) Kaplan–Meier survival curves for RFS in patients with SLHCC according to the nomogram-based subgroups in the whole set. P1, low-risk vs. medium-risk; P2, low-risk vs. high-risk; P3, medium-risk vs. high-risk.




Secondary Treatment Strategy for Tumor Recurrence in SLHCC

In the whole set, 101 patients (50%) had tumor recurrence during the follow-up, among which 31 were in the low-risk group, and 70 were in the high/medium-risk group. Of these 101 patients with tumor recurrence, 30 patients received transarterial chemoembolizatio (TACE) plus radiofrequency ablation (RFA)/surgery, 50 patients received TACE only, 3 patients received RFA/surgery only, and 18 patients received supportive care. To explore the effect of the different treatments for recurrent tumors, we investigated retreated OS (reOS), which is the time period from the date of recurrence to the date of death. KM survival analysis demonstrated that patients who received TACE plus RFA/surgery after tumor recurrence had higher reOS compared to TACE alone and supportive care (Figure 7A). The median reOS in the TACE + RFA/surgery, TACE, and supportive care groups were 36.0 (95% CI, 20.3–51.7) months, 17.0 (95% CI, 8.10–25.9) months, and 6.0 (95% CI, 1.84–10.2) months, respectively. Importantly, subgroup analysis showed that TACE plus RFA/surgery significantly prolonged the survival of patients in the low-risk group who suffered from tumor recurrence when compared to TACE alone (Figure 7B). On the contrary, for the high/medium-risk group, no survival advantage was observed in the TACE + RFA/surgery group (Figure 7C).
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FIGURE 7. (A) Kaplan–Meier survival curves for retreated OS (reOS) in tumor-recurrent patients who received supportive care, transarterial chemoembolizatio (TACE), and TACE plus RFA/surgery (P1, TACE + RFA/surgery vs. TACE; P2, TACE vs. Supportive care). (B) Kaplan–Meier survival curves for reOS in tumor-recurrent patients in the low-risk group who received TACE and TACE plus radiofrequency ablation (RFA)/surgery. (C) Kaplan–Meier survival curves for reOS in tumor-recurrent patients in the high/medium-risk group who received TACE and TACE plus RFA/surgery.





DISCUSSION

Although surgical resection is the curative treatment for SLHCC, the outcome could differ between individuals due to distinct tumor biological behavior (11, 16). In the current study, we identified seven unfavorable prognostic factors for OS in patients with SLHCC after curative resection: tumor size, microvascular invasion, tumor differentiation, Ki67 (%), AFP, CA125, and HBsAg status. We next integrated the seven prognostic factors to establish a novel nomogram. The prognostic nomogram showed satisfactory performance for predicting OS and RFS in patients with SLHCC, as evidenced by high C-index and ROC curve analysis in both the training and validation sets. Our study may enable clinicians to accurately predict the prognosis of patients with SLHCC after curative resection and choose a more appropriate postoperative therapy individually.

The prognostic model in our study evaluated and included seven factors, in which tumor size reflects tumor burden, microvascular invasion, Ki67 (%) level, and tumor differentiation, which are pathologic phenotypes, and AFP and CA125 are serum biomarkers. Thus, our model reflects the biological behavior of tumors and the risk of tumor progression. Previously, Shen et al. introduced a prognostic score system consisting of tumor size, microvascular invasion, and PLR for SLHCC (12). To compare the predictive efficacy of their model with ours, we evaluated the scoring system by Shen et al. using the dataset from our institute. The results showed that Shen's model had a C-index of 0.626 (95% CI, 0.579–0.673) for OS, which was statistically lower than the C-index of our nomogram (C-index = 0.733, 95% CI, 0.686–0.780, P < 0.001). Of note, tumor differentiation grading contributes the most scores in our nomogram. However, Shen's model did not include tumor differentiation status or other serum biomarkers, which may lead to an inferior predictive power. These results suggest that our prognostic nomogram is more reasonable and exhibits superior predictive value.

In most updated BCLC staging systems, all solitary tumors and two to three nodules ≤ 3 cm are classified as stage A (2). However, recently, some investigators have raised concerns regarding the proper staging of SLHCC. Bruix et al. and Jung et al. found that patients with SLHCC had worse survival rates than patients with solitary HCCs smaller than 5 cm or two to three nodules ≤ 3 cm (17, 18). Therefore, they proposed that it might not be appropriate to classify SLHCC in BCLC stage A. In another study, Tsilimigras et al. subclassified SLHCC as BCLC stage A1, which showed comparable survival with tumors of BCLC stage B (10). In our study, we classified SLHCC into low-risk and medium/high-risk groups based on the prognostic nomogram. We found that the median OS of low-risk SLHCC was nearly five times higher than that of high/medium SLHCC (75.0 vs. 16.0 months, P < 0.001). Taken together, it is not suitable to group both the low-risk and high/medium-risk SLHCC in the same stage. Indeed, it should be considered that low-risk SLHCC remains in BCLC stage A, while high/medium-risk SLHCC may be classified as BCLC stage B. Future studies are needed to validate this staging proposal for SLHCC.

Therapeutic options for recurrent HCC include TACE, RFA, repeated surgery, and salvage transplantation (19–22). However, optimal treatment strategies for recurrent HCC after curative resection remain controversial. Only a minor proportion of recurrent HCC is suitable for receiving repeated surgery alone because multiple nodules are commonly seen and patients' liver function is often impaired (19, 23). On the contrary, TACE is easy to perform and is widely used for recurrent HCC. In a previous study, Jin et al. reported that TACE was more effective for recurrent HCC of BCLC 0 or A than RFA/surgery in MVI-positive patients (24). In the current study, only three recurrent cases underwent surgery/RFA alone. In addition, 30 out of 101 patients received TACE plus RFA/surgery, and 50 out of 101 patients received TACE alone. We compared the outcomes of TACE alone and TACE plus RFA/surgery. Interestingly, TACE plus RFA/surgery significantly prolonged the retreated OS when compared to TACE alone in the low-risk group, but not in the medium/high-risk group. These results indicate that recurrent tumors in the medium/high-risk group are more aggressive, and additional RFA/surgery does not have a greater advantage than TACE alone. Thus, we recommend that patients with recurrent SLHCC in the low-risk group receive TACE plus RFA/surgery to eradicate cancer cells at a maximum level. However, for patients in the high-risk group, TACE alone and other supportive care are the main options.

In addition to conventional factors, novel molecular factors may have an important value in prognostic stratification and prediction of treatment response for HCC. Caraglia et al. demonstrated that both the oxidative stress status and pERK activity in peripheral blood mononuclear cells have optimal value in predicting response to sorafenib plus octreotide treatment in advanced HCC patients (25). Additionally, miR-423-5p and fibroblast growth factor receptor 4 have been reported to be effective tools for predicting response to sorafenib or lenvatinib treatment (26, 27). Therefore, it will be interesting to include the critical molecular factors in the prognostic model for SLHCC in future studies.

There are some limitations to our study. First, this was a single-center retrospective study with a relatively small sample size. Second, the study was inherently prone to selection bias due to its retrospective design. Thus, large-scale studies are needed to validate our prognostic model and stratification strategy in the future.

In conclusion, our study develops and validates an effective and reliable nomogram based on seven clinical factors to stratify prognosis in patients with SLHCC after curative resection, which provides an important rationale for prospective randomized controlled trial design. The prognostic value of novel molecular factors deserves further investigation.
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CA199, carbohydrate antigen 199. Bold values indicates P < 0.05 were considered

statistically significant.
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