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Peking prognostic score is a useful prognostic factor in patients with gastric cancer liver metastases receiving hepatectomy
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Background: The present work evaluated how Peking prognostic score (PPS), the new prognostic index determined according to sarcopenia and lymphocyte-to-C-reactive protein ratio (LCR), was a prognostic factor for patients with gastric cancer liver metastases (GCLM) who received hepatectomy.

Methods: This work extracted information about patients with GCLM who underwent hepatectomy from June 2012 to May 2018. The PPS of the patients was calculated from sarcopenia status and LCR before surgery, and patients were then divided into three groups based on their PPS. This work also carried out univariate and multivariate analyses for identifying variables that were linked with overall survival (OS) together with recurrence-free survival (RFS) after hepatectomy among three groups according to PPS.

Results: This work included 108 GCLM cases who received hepatectomy. All cases were classified into 3 groups, i.e., 26 (24.1%), 48 (44.4%), and 34 (31.5%) in groups 0–2, separately. PPS exhibited positive relation with age (p < 0.001), body mass index (BMI; p = 0.012), and liver metastasis number. The relapse rate after hepatectomy in patients with GCLM was 69.4%. Additionally, the remnant liver relapse rates of groups 0–2 were 80.0, 68.7, and 53.5%. Patients in group 0 had significantly increased remnant liver relapse rates when compared with those in groups 0 and 1. PPS was significantly related to relapse patterns (p = 0.003). Relative to group 0, those of the other 2 groups showed dismal OS [hazard ratio (HR) = 3.98, 7.49 for groups 1 and 2; p < 0.001] along with RFS (HR = 3.65, 5.33 for groups 1 and 2; p < 0.001). As revealed by multivariate analysis, PPS independently predicted OS (p < 0.001) together with RFS (p < 0.001).

Conclusion: The PPS could be an easy nutrition-inflammation prognostic scoring system and an independent preoperative predictor of survival for GCLM cases after hepatectomy.
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Introduction

Gastric cancer (GC) accounts for the 5th cancer in terms of its incidence, which affects 1,033,701 people every year. Additionally, GC accounts for the 3rd place among the frequent factors leading to cancer-related death, and 782,685 death cases are reported annually (1). Despite the numerous efforts conducted on GC diagnosis and treatment, its survival decreases due to distant metastases (DM). The liver represents a frequent organ subject to DM of GC, with the GC liver metastasis (GCLM) rate of 9.9–18.7% (2, 3). For GCLM cases, they have a median survival of approximately 7–12 months (4). Long-term survival can hardly be achieved among GCLM cases, although first-line chemotherapy is applied (4). As palliative chemotherapy has poor overall survival (OS) outcomes, hepatectomy is widely analyzed to be the appropriate way for improving patient survival. Numerous articles suggest that hepatectomy is advantageous for GCLM in the last 20 years (5–7). Some recent large articles suggest that for GCLM receiving hepatectomy, the 5-year OS was 31.1–39.5%(8, 9). However, hepatectomy is associated with a high relapse rate; therefore, determining hepatectomy timing and indications for GCLM cases is not easy. Consequently, it is essential to develop approaches to assess the hepatectomy feasibility in GCLM cases.

In recent years, inflammatory, immune, and nutritional statuses, which are the host-associated factors, receive wide attention in the prediction of postoperative outcomes within diverse cancer types. Typically, platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), and C-reactive protein ratio-albumin ratio (CAR) along with neutrophil-to-lymphocyte ratio (NLR) have been identified as factors predicting the prognosis of cancers. As reported recently, low lymphocyte-to-C-reactive protein ratio (LCR) independently predicted OS and recurrence-free survival (RFS) among GC cases who underwent gastrectomy (10, 11). In addition, LCR showed the greatest sensitivity to predict survival when compared with other inflammation-related scores (11). Sarcopenia, one of the age-related muscle mass, strength, and functional losses, is becoming a severe medical problem among the aging societies (12). It can be usually detected in GC cases, and its incidence is more than 6.8–57.7% among patients with GC (13). Additionally, it shows significant relation with the poor long-term prognosis among patients with GC receiving surgery (14). Our previous work indicated that sarcopenia effectively predicted prognosis of recurrence in patients with GCLM receiving hepatectomy (15). The Peking prognostic score (PPS), first proposed by Xiong et al., consists of sarcopenia and LCR and shows high relation to GC prognosis (16). Additionally, it exhibits increased accuracy when compared with additional prognostic factors for the prediction of survival (16). Nonetheless, the association of PPS with long-run patients with GCLM survival after hepatectomy for GCLM is still unclear.

This article assessed whether PPS preoperatively affected the long-run survival of GCLM after hepatectomy.



Materials and methods

This article obtained approval from the Ethics Committee of the National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences, and Peking Union Medical College (NCC2020C-220). Each experiment was carried out following Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis or Diagnosis and Declaration of Helsinki.


Research design and objects

This study assessed patients with GCLM who underwent hepatectomy in the National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College during June 2012–May 2018. This work set patient exclusion criteria below (1) those with an unresectable extrahepatic lesion (n = 15), (2) those who received several hepatectomies due to liver metastatic relapse (n = 4), (3) patients who underwent R1/R2 resection (n = 6), (4) patients having inadequate or inaccurate medical records (n = 5), (5) preoperative computed tomography (CT) scans missing (n = 12), and (6) those who were dying due to complications after surgery (n = 6). Finally, 108 cases were enrolled in the cohort (Figure 1). In this study, resected liver segment number ≥ 3 was deemed as major hepatectomy, while that < 3 as a minor hepatectomy (17). Recurrences were categorized as remnant liver and extrahepatic sites. Extrahepatic site recurrence included local (primary site), lymph node, lung, bone/brain, and peritoneal dissemination recurrence. Follow-up after surgery was carried out every 3 months within the first 2 years, whereas every half a year thereafter. This study deemed the primary end point OS as the period between surgery and all-cause mortality or final follow-up, whereas the secondary end point RFS was the period between surgery and mortality or disease relapse.
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FIGURE 1
Flow diagram of patients. GCLM, gastric cancer liver metastasis; CT, computed tomography.




Peking prognostic score and other prognostic scoring systems

Muscle quality was assessed ahead of time for identifying sarcopenia cases. CT was also employed for the accurate assessment of muscle mass. Additionally, the CT-based sarcopenia thresholds for gender-specific skeletal muscle index (SMI) of the third lumbar vertebra (L3) were ≤ 40.8, 34.9 cm2/m2 for men and women, separately, as proposed by Zhuang for Chinese GC population (18). The PPS model consisted of two parameters, namely, LCR and sarcopenia status. According to Xiong et al’s method, the scores were 0, 1, 2, and 3 for cases with LCR > 6,000 without sarcopenia, LCR > 6,000 with sarcopenia, LCR ≤ 6,000 without sarcopenia, and LCR ≤ 6,000 with sarcopenia, separately. All cases were classified into three groups based on their PPS scores: cases with the scores of 0, 1/2, and 3 were classified as groups 0–2, separately (Table 1).


TABLE 1    The definition of the Peking prognostic score.
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Statistical methods

Kaplan–Meier (KM) survival analysis was conducted, whereas the log-rank test was employed in the analysis. This work also conducted univariate and multivariate analyses by Cox proportional hazards regression model. All of those prognostic factors identified by univariate analysis upon p < 0.1 were incorporated into multivariate regression. p < 0.05 represented statistical significance. R software version 4.0.2 (R Foundation for Statistical Computing, Vienna, Austria) together with JMP statistical software package (SAS Institute, Inc., Cary, NC, United States) was adopted in statistical analysis.




Results


Patient features

This work included altogether 108 GCLM cases who received hepatectomy, among them, 84 (77.6%) were men and 24 (22.4%) were women (Table 2). The age at hepatectomy ranged from 57.9 to 73.6 (mean, 63.5) years. With regard to liver metastasis, 41 cases (38.0%) developed synchronous metastatic lesions, whereas 67 cases (62.0%) developed metachronous metastatic lesions (Table 2). In total, 72 cases (66.7%) developed solitary liver metastatic lesions, whereas 36 (33.3%) developed multiple liver metastatic lesions (Table 2). In total, 60 cases (55.7%) underwent neoadjuvant chemotherapy (NACT), whereas 73 (67.5%) underwent adjuvant chemotherapy (ACT) (Table 2). Patients were divided into 3 groups, i.e., 26 (24.1%), 48 (44.4%), and 34 (31.5%) in groups 0 (PPS = 0), 1 (PPS = 1/2), and 2 (PPS = 3), separately (Table 2). With regard to OS rates, they were 78.6, 45.8, and 33.4%, separately in GCLM cases who received hepatectomy, while their RFS rates at 1, 3, and 5 years were 51.7, 36.5, and 27.3%, separately.


TABLE 2    Association of PPS and clinicopathological characteristics in patients with GCLM after hepatectomy.

[image: Table 2]



Associations of Peking prognostic score with clinicopathological characteristics

Table 2 presents the relation between PPS and patient clinicopathological characteristics. PPS was significantly related to advanced age (≥ 65.0 years; p < 0.001) together with decreased body mass index (BMI; < 18.5 kg/m2; p = 0.012). Additionally, PPS showed a significant relationship with liver metastasis number (p = 0.002). The relapse rate after hepatectomy in patients with GCLM was 69.4%. Additionally, the remnant liver relapse rates of groups 0–2 were 80.0, 68.7, and 53.5%. Patients in group 0 had significantly increased remnant liver relapse rates when compared with those in groups 0 and 1. PPS was significantly related to relapse patterns (p = 0.003; Table 3).


TABLE 3    Impact of PPS on the recurrence in patients with GCLM receiving hepatectomy.
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Clinical role of preoperative Peking prognostic score in patients with gastric cancer liver metastases

As revealed by KM survival analysis, OS and RFS were evidently reduced as the PPS group increased step-wise (OS, RFS: log-rank test, p < 0.001; Figures 2A,B). In comparison with group 0, those of groups 1/2 showed decreased OS and RFS. Upon multivariate regression, PPS independently predicted OS (HR = 2.12, 95% CI = 1.14–4.25, p < 0.001; HR = 4.76, 95% CI = 1.49–6.90, p < 0.001 for PPS groups 1 and 2 separately) and RFS (HR = 3.08, 95% CI = 1.29–4.38, p < 0.001; HR = 4.32, 95% CI = 1.75–6.87, p < 0.001 for PPS groups 1 and 2 separately; Tables 4, 5).
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FIGURE 2
Kaplan–Maier curves of overall survival for each PPS group (A). Kaplan–Maier curves of overall survival for each PPS group (B). PPS, Peking prognostic score.



TABLE 4    Univariate and multivariate analysis of clinicopathologic variables in relation to overall survival in patients with GCLM after hepatectomy.
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TABLE 5    Univariate and multivariate analyses of clinicopathologic variables in relation to recurrence-free survival in patients with GCLM after hepatectomy.
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Factors significantly related to OS upon univariate analysis were BMI (p < 0.001), serum albumin (p < 0.001), carcinoembryonic antigen (CEA) levels (p < 0.001), ACT (p = 0.030), liver metastasis number (p < 0.001), and maximal liver metastasis size (p < 0.001; Table 4). Multivariate analysis identified serum albumin (HR = 1.69; 95% CI = 1.24–2.76; p = 0.002), liver metastasis number (HR = 1.75; 95% CI = 1.29–2.93; p < 0.01), and maximal liver metastasis size (HR = 1.89; 95% CI = 1.13–3.28; p = 0.008) to be independent factors predicting OS (Table 4).

Factors significantly related to RFS upon univariate analysis were serum albumin (p < 0.001), liver metastasis number (p < 0.001), and maximal liver metastasis diameter (p = 0.002; Table 5). Multivariate analysis identified liver metastasis number (HR = 1.82; 95% CI = 1.16–2.70; p < 0.001) and maximal liver metastasis size (HR = 1.43; 95% CI = 1.08–3.05, p = 0.004) to be independent factors predicting RFS (Table 5).




Discussion

This article analyzed whether PPS was of prognostic value in GCLM cases receiving hepatectomy and identified PPS as the factor independently predicting long-term survival of GCLM cases. According to this work, PPS was potently linked to OS and RFS, typically, patients who had increased PPS values had reduced OS and RFS. PPS was linked to old age (≥ 65.0 years) and declined BMI (< 18.5 kg/m2) together with liver metastasis number (> 1).

Liver metastasis may take place within around 5–14% of cases receiving GC surgery (2). Liver metastasis treatment plays a critical role in improving the prognosis of GC cases. GCLM cases can be traditionally treated by palliative chemotherapy (19). However, numerous articles suggest that liver metastatic resection can significantly improve some patient survival in the last several years. As reported in Far Eastern Research, GCLM survival was posthepatectomy increased when compared with Western studies (2). According to the Chinese consensus on the diagnosis and treatment of GC with liver metastases, type I patients can choose surgical treatments (3). The criteria are as follows: (1) gastric tumors: depth of invasion ≤ T4a; lymph node metastases within D2 lymph node dissection (not including Bulky N2). (2) Bulky N2: at least one node of ≥ 3 cm in diameter or at least three consecutive nodes each of diameter ≥ 1.5 cm, along the coeliac, splenic, common, or proper hepatic arteries. Liver metastases: 1–3; maximal diameter ≤ 4 cm or limited to one liver lobe without involving important vessels or bile ducts. (3) Assessment of resectability: technological resectability of liver metastases judged by a hepatobiliary surgeon; meets the resection standard of hepatic reservation function assessment (3). Nevertheless, 5-year OS following hepatectomy was 27.7–42.3%, while the relapse rates after hepatectomy were 60–75% (9, 20, 21). Consequently, predicting and assessing relapse has been considered among GCLM cases receiving hepatectomy.

According to the results of recent studies, many favorable prognostic factors have been suggested, such as primary cancer (lower T and N stage, no lympho-vascular or serosal invasion), burden of hepatic disease (≤ 3 metastases, unilobar involvement, greatest lesion < 5 cm, and negative resection margins), and lower CEA and CA19.9 levels (9, 20, 21). An increasing number of articles have analyzed the relationship between malnutrition or systemic inflammation and tumor genesis, progression, and metastasis, which has been verified in different cancers that include GC, resulting in looking for markers related to nutrition and inflammation and developing the new prognosis scoring system. Serum CRP has been the typical marker reflecting systemic inflammatory responses, in addition, an increased CRP level related to poor prognosis for GC. According to Okugawa and Nakamura, LCR served as the prognostic biomarker for GC (10, 11), resectable colorectal cancer (CRC) (22), and unresectable metastatic CRC (23). Moreover, LCR is recently suggested to show the highest accuracy in predicting survival when compared with inflammatory scores, such as NLR, CAR, LMR, or PLR (11, 22, 23). Sarcopenia, the skeletal muscle mass, and functional loss are poor nutritional status. Further, it is also identified to be a marker for tumor cachexia. In the last 10 years, sarcopenia’s clinical significance for cancer patients has aroused wide attention, such as GC. Yu et al. investigated how sarcopenia plus fibrinogen-albumin ratio (FAR) affected intrahepatic cholangiocarcinoma cases postoperatively (24). The results showed that cases showing both sarcopenia and increased FAR were associated with dismal prognostic outcomes relative to additional patients (24). In addition, sarcopenia plus hepatolithiasis potently predicted the dismal prognostic outcome of intrahepatic cholangiocarcinoma cases receiving curative resection, suggesting the feasibility of sarcopenia plus hepatolithiasis in predicting the prognosis of intrahepatic cholangiocarcinoma cases preoperatively. Another study showed that sarcopenia combined with monocyte-to-lymphocyte ratio was the potent factor predicting OS in breast cancer (BC) cases with lymph node positiveness following mastectomy (25). Sarcopenia together with an increased modified Glasgow prognostic score (mGPS) that contained CRP predicted dismal survival for patients developing locoregional Renal Cell Carcinoma (26). Sarcopenia plus, an increased NLR, predicted the poorer OS of patients with colorectal cancer, stage IV GC, and biliary tract cancer (27–29). PPS is determined according to sarcopenia and LCR and has been suggested as an effective approach to evaluate both the nutritional and inflammatory status of patients with GC (30). As proposed by Xiong et al., PPS was the most effective index for predicting long-term outcomes and recurrence rates for localized GC cases (31). Meanwhile, our study further found that the PPS was a useful factor to predict GCLM prognosis after hepatectomy. Overall, preoperative assessment of inflammation and muscle mass possibly assists in making treatment decision for oncologists, which contributes to identify patients who can gain the best beneficial effects from curative hepatectomy. In addition, it helps us to determine the patients who have a higher disease relapse risk and are considered to receive individualized therapy.

The present work had certain limitations. Firstly, although this study could evaluate the prognostic impact of preoperative PPS in patients with GCLM, selection bias still existed in a retrospective study. Moreover, our unicentric study only enrolled a small sample size and could not establish a validation cohort to further validate the results; therefore, more large prospective studies are warranted. Secondly, we adopted the sarcopenia definition created by Zhuang et al., which deemed sarcopenia criteria for the Chinese GC population (18). The cut off values for the L3-SMI for the diagnosis of sarcopenia were 34.9 and 40.8 cm2/m2 in men and women. The generalizability of findings in this work was mainly restricted to the Western population since L3-SMI thresholds utilized in this study were specific to geographic regions.



Conclusion

In conclusion, PPS before surgery represents the simple and effective prognostic factor for patients with GCLM who underwent hepatectomy. The PPS could utilize as a part of precisely predicting GCLM prognosis while improving treatment decision. With the prognostic model, oncologists can determine which cases can probably gain benefits from the aggressive surgery (hepatectomy), thus improving GCLM patient survival.
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