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                    Abstract
Objective
To evaluate the accuracy of the 7th edition of the American Joint Committee on Cancer staging system (TNM-7) for patients undergoing hepatectomy for hepatocellular carcinoma (HCC) and to propose a modified TNM system for better prediction of survival.
Methods
Clinico-pathological data for 1,313 patients who underwent hepatectomy as initial treatment for HCC between 2000 and 2008 were retrieved from a prospective database. Overall survival (OS) and disease-free survival (DFS) were analyzed to evaluate the predictive value.
Results
The 1-, 3-, 5-year OS and DFS of 1,313 patients were 79.2, 55.4, 45.5 %, and 52.6, 36.1, 31.8 %, respectively. Multivariate analysis revealed that major vascular invasion was the most important prognostic factor for both OS and DFS, along with tumour number and size. Patients with pT1 and pT2 disease had significantly better OS and DFS than those with pT3 disease (P < 0.001). There was no significant difference between pT3a and pT4 (P = 0.552) but patients with pT3b disease had a worse OS and DFS than those with pT4 disease (P = 0.006 and P < 0.001, respectively). A modified TNM system within the existing framework was proposed to combine the current pT3a and pT4 together as the new pT3 and to change pT3b to the new pT4. Analysis showed that this modified system had a better prognostic power than either TNM-6 or TNM-7.
Conclusion
TNM-7 would seem to be inaccurate for staging advanced HCC. The modified system can improve both the prognostic accuracy and the hazard discrimination of disease to be consistent among subgroups of HCC.
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                                    Introduction

Hepatocellular carcinoma (HCC) is the 5th most common cancer worldwide and the 3rd most frequent cause of death due to cancer (Jemal et al. 2011). Although the majority of cases are in Asia and Africa, recent evidence has shown that both the incidence and mortality rates of HCC are rising in North America and Europe (Kew 2012; Lodato et al. 2006). Liver resection remains the curative option for HCC with a 5-year overall survival rate of 50–70 % after curative hepatectomy. Over the past decade, screening programs and advances in surgical and perioperative care have increased the resection rate for HCC (Bruix and Llovet 2009). Although there are various staging systems, including Barcelona Clinic Liver Cancer (BCLC) (Forner et al. 2010), the Okuda classification (Okuda et al. 1985), Cancer of the Liver Italian Program(CLIP) (Llovet and Bruix 2000), the Japan Integrated Staging (JIS) score (Arii et al. 2000), and the Chinese University Prognostic Index (CUPI) (Chan et al. 2011), for accurate prognostic assessment after resection and patient selection for adjuvant therapy, pathologic staging systems have traditionally been used (Lu et al. 2008).
The American Joint Committee on Cancer (AJCC) staging system for HCC uses a tumour-node-metastasis (TNM) classification scheme to stratify patients with respect to predicted survival after resection (Sobin and Compton 2010). The TNM staging system has been modified several times and is one of the most widely accepted systems. In 2009, the AJCC published the 7th edition of the TNM staging system (TNM-7) (Edge and Compton 2010) in which T3 category was subdivided into two subgroups: T3a (multiple tumours, any >5 cm) and T3b (major vascular invasion of portal or hepatic veins). Although studies (Chun et al. 2011; Poon et al. 2003) reported that TNM-7 provided a better prognostic power than TNM-6 for patients with HCC, the prognostic value of TNM-7 for HCC after hepatectomy remains controversial (Marrero et al. 2005).
This study was aimed to validate the prognostic stratification ability of TNM-7 by comparing it with TNM-6 in resected HCC cases and to propose a modified TNM staging system for a better predication of survival.


Patients and methods
Ethics statement
The research was approved by the institutional review board (IRB) of Sun Yat-sen University Cancer Center, and written informed consent was obtained from each patient involved in the study.
Patients
Patients who underwent hepatectomy as initial treatment for HCC from January 2000 to December 2008 at Sun Yat-sen University Cancer Canter (Guangzhou, China) were identified from our prospective database for HCC. Patients who met all of the following criteria were included in analysis: (1) no previous treatment for HCC before surgery; (2) histologic confirmation of HCC; (3) R0 resection; (4) no lymph node or extrahepatic metastasis. Since the current study aimed to analyze the prognostic factors for long-term survival, patients who died either perioperatively <30 days following surgery or during the original hospital stay if >30 days were excluded from this study.
All the preoperative parameters was recorded and evaluated as possible predictors of survivals including gender, age, HBV status, platelet count (PLT), alpha-fetoprotein (AFP), total bilirubin level (TBIL), albumin (ALB), liver function status, tumour size and number, and tumour thrombus. Liver functional reserve was also assessed using Child-Pugh classification.
Major vascular invasion was defined as tumours involving a major branch of the portal or hepatic veins radiological and/or macroscopically which was confirmed on final histology, and microvascular invasion was defined as tumours involving small vessels on final histology as defined by AJCC/UICC criteria.
Technique of hepatectomy
Hepatectomy was carried out by using the techniques we described previously (Shi et al. 2010). In brief, hepatectomy was carried out under general anaesthesia using a right subcostal incision with a midline extension. Intraoperative ultrasonography was routinely performed to confirm resectability and major vascular structures. Pringle’s manoeuvre was routinely used with a clamp/unclamp time of 10 min/5 min. The liver parenchyma was divided with clamp-crushing technique or ultrasonic dissector (CUSA) according to the surgeon’s preference. Anatomic resection was our preferred surgical method in hepatic resection for multiple nodules in one segment or in neighbouring segments. For anatomic resection, the hepatic parenchyma was transected at the intersegmental plane as described by Couinaud. For multiple bilobar nodules, anatomic resection was preferred for the main tumour, while satellite nodules were resected nonanatomically with intent for a negative resection margin. When an inadequate liver remnant was suspected, nonanatomic resection was performed with intent for a negative resection margin. Haemostasis on the raw liver surface was done with suturing and fibrin glue.
A negative resection margin (R0) was defined as a lack of visible tumour at the resection margin nearest to the tumour by surgeons and a >5 mm clear margin on final histology.
Follow-up
Patients were followed up 3 monthly for the first 2 years, then 6 monthly thereafter with physical examination, blood tests for AFP and liver function, and contrast abdominal computed tomography (CT). Chest radiography was done every 6 months to detect lung metastasis. When metastasis was suspected, CT chest, bone scintigraphy, positron emission tomography (PET), and biopsy if indicated were also performed to confirm metastasis and/or recurrence. The last follow-up date for patients still alive was in May 2012.
Causes of death and sites of recurrence were determined from death certificates, medical interviews, and radiological findings. Overall survival (OS) was defined as the interval between surgery and time of either death or last follow-up. Disease-free survival (DFS) was defined as the length of time after liver resection for HCC to detectable intrahepatic and/or extrahepatic recurrence (Bruix et al. 2001). The treatment for recurrent tumours was determined by our multidisciplinary team (MDT) including surgeons, oncologists, radiologists, hepatologists, and pathologists.
Statistical analyses
The statistical analyses except C-index analyses were performed using the SPSS 19.0 statistical software (SPSS Company, Chicago, Illinois, USA). Comparisons between two groups were done using the Student’s t test for continuous data and the chi-square test for categorical data. The overall and disease-free survivals were calculated by Kaplan–Meier method and compared by log-rank test. The prognostic varieties in predicting overall and disease-free survivals were assessed by multivariate Cox proportional hazards regression analysis. All covariates that affected survival at the P < 0.10 level of significance in univariate analysis were included in a multivariate Cox proportional hazards model. Results were given as mean ± S.D. All statistical tests were two-sided, and a significant difference was considered when P < 0.05. The concordance index method (c-index) was used to rank the different staging systems for pT3 and pT4 subgroups according to their capacity of discriminating patients according to outcome. The c-index was adjusted using R with the rms package of Dr. Frank Harrell and assessment being done on the same data via comparison with 150 bootstrap samples.


Results
Baseline characteristics
A total of 1,427 patients with HCC who underwent hepatectomy as the primary treatment were identified during that period. Based on our inclusion criteria, 114 patients were excluded from this study, consisting of patients with lymph node metastasis (n = 11, 0.7 %, 11/1,427), positive resection margin (n = 77, 5.4 %, 77/1,427), and those who died postoperatively (n = 26, mortality of 1.8 %, 26/1,427).
Patients’ baseline characteristics were summarized in Table 1. A total number of 1,313 patients were included in the study, consisting of 1,147 male (87.4 %) and 166 female (12.6 %) with a median age of 48 years (range 13–80 years) at the time of surgery. The majority of our patients had a good liver functional reserve with Child-Pugh A (98.2 %). All patients were classified using TNM-6 and TNM-7 based on postoperative pathological findings. Vascular invasion was detected in 307 (23.4 %) patients, including those with major and micro-vascular invasions (n = 163, 12.4 % and n = 297, 22.6 %, respectively).
Table 1 Characteristics of patients included in the studyFull size table


                Survival
The median follow-up period was 44 months (range 2.5–73.5 months).
The 1-, 3-, 5-year OS was 79.2, 55.4, and 45.5 %, respectively. The median OS was 47 months. Statistically significant difference was observed between patients with pT1, pT2, and pT3 with both TNM-6 and TNM-7 staging systems (Fig. 1, P < 0.001). In TNM-7, statistically significant differences were observed between pT3a and pT3b (P < 0.001) but not between pT3a and pT4 (P = 0.084). The survival for pT3b was worse than that for pT4 (P = 0.006). However, in TNM-6, no significant difference was identified between pT3 and pT4 (P = 0.922, Fig. 1).
Fig. 1[image: figure 1]
Overall survival using TNM-7 (a) and TNM-6 (b)


Full size image


                The 1-, 3-, 5-year DFS was 52.6, 36.1, and 31.8 %, respectively (Fig. 2). The median DFS was 15 months. Comparison analysis of each staging system showed that with TNM-7 classification, the DFS for pT3b was worse than that for pT4 (Fig. 2, P < 0.001) although no significant difference was identified between pT3a and pT4 (Fig. 2, P = 0.552). With TNM-6 classification, statistically significant differences in survival were observed between patients with pT1, pT2, pT3, and pT4, and pT3 had a worse DFS than that for pT4 (P = 0.023, Fig. 2).
Fig. 2[image: figure 2]
Disease-free survival using TNM-7 (a) and TNM-6 (b)


Full size image


                Prognostic factors
All factors listed in Table 1 were included in univariate analysis (Table 2), and the covariates that affected survival at the P < 0.10 level of significance in univariate analysis were included in a multivariate Cox proportional hazards model. Multivariate analysis showed that major vascular invasion (HR 2.508, 95 % CI 2.063–3.049, P < 0.001), tumour size (HR 1.659, 95 % CI 1.400–1.965, P < 0.001), number of tumours (HR 1.642, 95 % CI 1.399–1.965, P < 0.001), pT4 disease (tumour with direct invasion of adjacent organ other than the gallbladder or with perforation of visceral peritoneum; HR 1.611, 95 % CI 1.293–2.008, P < 0.001), PLT (HR 1.446, 95 % CI 1.165–1.795, P = 0.001), ALB (HR 1.492, 95 % CI 1.120–1.987, P = 0.006), TBIL (HR 1.808, 95 % CI 1.184–2.762, P = 0.006), and AFP(HR 1.170, 95 % CI 1.008–1.357, P = 0.039) were significant prognostic factors for OS (Table 3).
Table 2 Univariate analysis of prognostic factorsFull size table


                  Table 3 Multivariate analysis of prognostic factors for overall and disease-free survivalsFull size table


                For DFS, multivariate analysis showed that major vascular invasion (HR 1.838, 95 % CI 1.424–2.374, P < 0.001), number of tumours (HR 1.652, 95 % CI 1.429–1.909, P < 0.001), tumour size (HR 1.531, 95 % CI 1.326–1.769, P < 0.001), micro-vascular invasion (HR 1.350, 95 % CI 1.094–1.666, P = 0.005), ALB (HR 1.335, 95 % CI 1.023–1.742, P = 0.034), and pT4 disease (HR 1.243, 95 % CI 1.010–1.530, P = 0.040) were significant prognostic factors (Table 3).
Proposed new staging system
The results clearly showed that using the current TNM-7 system, pT4 disease had a similar OS and DFS when compared with pT3a disease but significantly better OS and DFS when compared with pT3b disease (Figs. 1, 2). Also multivariate analyses showed that major vascular invasion was the most important prognostic factor for both OS and DFS with the highest HR (Table 3). As a result, a modified TNM staging system within the existing framework is proposed here to combine pT3a and pT4 together as the new pT3 and to change pT3b to the new pT4. Table 4 summarized the staging criteria of the proposed system and the difference between all three systems. This proposed staging system showed significantly different OS and DFS with each T category of disease in patients with HCC (P < 0.001, Fig. 3; Table 5).
Table 4 The proposed modified TNM staging systemFull size table


                  Fig. 3[image: figure 3]
Overall (a) and disease-free survivals (b) using proposed TNM staging systems


Full size image


                  Table 5 Overall and disease-free survivals based on the proposed TNM systemFull size table


                Prognostic performance of each staging system
The prognostic value of each staging systems for pT3 and pT4 subgroups was compared by means of Harrell’s concordance index. The c-index of each staging systems was shown in Table 6. The proposed new staging system had a higher c-index (OS 0.586, 95 % CI 0.559–0.613, DFS 0.586, 95 % CI 0.559–0.613), when compared with TNM-6 and TNM-7.
Table 6 Prognostic performance of each staging system for T3 and T4 subgroupsFull size table


                

Discussion
The AJCC staging system has been used for HCC since 1977, being the most widely accepted staging system. It has been modified several times in that the current TNM-7 for T3 disease is subdivided into T3a and T3b. Our results revealed that by comparing TNM-6 with TNM-7 systems it was clear that there were significant discrepancies between pT3 of TNM-6 and that of TNM-7 for both OS and DFS. The median OS of 19 months in category pT3 of TNM-6 was also significantly different from that of subdivision of pT3a and pT3b in TNM-7 (24 vs. 13 months, P < 0.001). Patients with pT3 disease of TNM-6 had a significantly worse OS than those with pT3a of TNM-7 system. The median DFS of 5 months in category pT3 of TNM-6 was also significantly different from subdivisions of pT3a and pT3b of TNM-7 (6 vs. 4 months, P = 0.019). The median DFS of patients with pT3 disease of TNM6 was significantly better than those with pT3b of TNM7. TNM-7 would seem to be more superior than TNM-6 in staging pT3 diseases. Chun et al. (2011) retrospectively applied TNM-6 and TNM-7 to 877 patients who were diagnosed with HCC using radiological findings and revealed that TNM-7 provided a better prognostic power than TNM-6 for patients. Similar results also been reported by others (Lei et al. 2006; Kee et al. 2007). All of this evidence, including our results, support TNM-7 is superior to TNM-6. However, studies (Chun et al. 2011; Poon et al. 2003; Lei et al. 2006; Kee et al. 2007; Minagawa et al. 2007; Li et al. 2010; Cheng et al. 2011) reported that the prognostic power of TNM-7 was relatively low in advanced stages. Chun et al. (2011) demonstrated that although a significant difference between adjoining early stages was identified, there was no significant difference in survival between adjoining advanced stages of TNM-7 (≥stage IIIB; all P > 0.05). The study by Cheng et al. (2011) from Taiwan retrospectively assessed the validity of TNM-7 in 879 patients undergoing hepatectomy for HCC and revealed that in terms of 5-year survival, the TNM-7 system was unable to stratify stage III patients into stages IIIA, IIIB, and IIIC. Similarly, our result showed that pT3b had a worse prognosis for both OS and DFS when compared with pT4 (P = 0.006 and P < 0.001, respectively). There is clearly a need to redefine the T classification to stratify locally advanced HCC.
TNM-7 or TNM-6 consists of T3-4 HCC of four different categories, HCC with “multiple tumours more than 5 cm”, “major vascular invasion”, “invasion of adjacent organs”, and “perforation of visceral peritoneum” (Henderson et al. 2003). Our previous study (Li et al. 2010) revealed that after macroscopically completely hepatectomy with a microscopically tumour-free margin proven by the pathologists (R0 resection) for pT3-4 HCC, only the major vascular invasion had the worst prognosis when compared with other three categories. Poon et al. (2003) also showed that the survival for patients with T3-4 HCC after hepatectomy was significantly worse in those with tumours involving a major branch of the portal or hepatic veins than in those with tumours invading adjacent organs, bilobar multiple tumours, or perforated visceral peritoneum, and there were no significant differences in survival among the latter three groups. Choi et al. (2011) stressed portal venous invasion might be the most significant risk factor for immediate postoperative recurrence of HCC. Similarly, in the present study, the OS and DFS for patients with major vascular invasion (pT3b) were significantly worse than those for patients with pT3a or pT4 HCC. Also multivariate analyses showed that major vascular invasion was the most important prognostic factor for both OS and DFS with the highest HR. All the data suggest that the major vascular invasion be the key to adversely affect the prognosis.
The prognoses were similar between pT4 and pT3a HCC. T4 tumour(s) with direct invasion of adjacent organ other than gallbladder or with perforation of visceral peritoneum does not indicate worse prognosis in HCC after hepatectomy. Lau et al. (1995) pointed out that there was no significant difference in survival, operative morbidity, or mortality rates between HCC with or without diaphragmatic invasion. Shah et al. (2007) also reported that for very large HCC with direct invasion of adjacent organ like diaphragm, the OS was not significantly different from patients without direct invasion of adjacent organ. Similar results were also reported by others (Lin et al. 2005). Both Cheng et al. (2011) and Lau et al. (1995) indicated that tumour rupture did not appear to influence the long-term survivals.
Based on published studies and our results, indicating the prognoses (OS and DFS) for patients with pT4 HCC was better than patients with pT3b HCC, and similar to patients with pT3a HCC, we are proposing a modified T category within the existing framework to combine T3a and T4 together as the new T3 and to change T3b to the new T4. This modified staging system discriminates patients’ survival significantly. Furthermore, it has several features superior to those of the current AJCC system, including (1) more consistent hazards within the same category group; (2) better survival discrimination among T categories; (3) simpler and easier application in clinical practice.
Although retrospective, the data we have presented were based on a long duration of follow-ups (median, 44 months) of a large representative sample of patients who had undergone hepatic resection for HCC, as well as a systemic staging workup using sensitive and specific imaging technologies and histological confirmation in order for us to provide a valid base to evaluate the prognostic value of the current TNM staging system. However, there were some limitations in the present study that should be commented. Firstly, it is a single-institution study of a fairly homogenous population. Patient population is biased due to high prevalence of HBV infection (84.7 %), which often exhibits a large tumour phenotype and relatively well-preserved background liver. Whether these results can be applied to Western populations wherein HCV, NASH, and other etiologies of liver disease predominate requires further study and comment. Secondly, patients with tumour pT3b, namely major vascular invasion, were offered a chance at curative resection in the present study, although it is widely accepted in Asia and Japan but not in some Western canters. And our previous study demonstrated that compared with TACE, hepatectomy provided survival benefits for patients with resectable HCC with portal vein tumour thrombus.


Conclusion
The TNM-7 provided a better prognostic power than TNM-6 for patients with HCC after hepatectomy. However, the prognostic accuracy of TNM-7 can be improved further by re-categorization of the T category criteria. The proposed T category within the existing framework can improve the current staging system to better predict the prognosis in patients with HCC after resection.
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