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Background: Hepatocellular carcinoma (HCC) is one of the most common malignant tumors globally; it is valuable to predict its prognosis after treatment. Aspartate aminotransferase-to-platelet index (APRI), a non-invasive biomarker consists of two routine test parameters easily available in all the patients. Our study aimed to investigate whether APRI can serve as an independent prognostic marker in the patients with HCC.

Methods: We extensively searched PubMed, Embase, and Web of Science databases on June 20, 2021 to determine all relevant literature. The studies that explored the association between the APRI levels and prognosis of patients with HCC and reported risk estimate data were included. The Newcastle-Ottawa Scale was used to assess the quality of the included studies.

Results: A total of 1,097 articles were initially identified, of which 28 studies involving 11,041 patients met the eligibility criteria for the meta-analysis. The pooled hazard ratios (HRs) for overall survival (OS) and disease-free survival (DFS) were 1.77 (95% CI: 1.53–2.05, P < 0.001) and 1.59 (95% CI: 1.47–1.71, P < 0.001), respectively, suggesting a significant correlation between the increased APRI levels and poor prognosis in the patients with HCC. In the subgroup analyses, statistical significance of the correlation disappeared in the Korean and Japanese population and in the patients undergoing transarterial chemoembolization (TACE). Of note, the current results may be overestimated due to publication bias, but the conclusion remained unchanged when the bias was adjusted.

Conclusion: High APRI levels are associated with poor OS and DFS in the patients with HCC. In most cases, pretreatment APRI can be used as an independent prognostic factor, but it is necessary to incorporate other predictive prognostic systems to ensure accuracy. Further studies are needed to determine the specific beneficiary population and the optimal cutoff value.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related mortality worldwide with a poor 5-year survival rate (1). Despite the development of effective anti-viral therapeutics, incidence of HCC is continuing to rise, in part driven by the epidemic of non-alcoholic fatty liver disease (2). At present, in addition to liver transplantation, the surgical resection and chemotherapy are still the effective and routine options for HCC; accurate prognostic judgment is helpful for patient management and formulation of the medication strategies. Although the Tumor, Node, Metastasis (TNM) staging system is an effective independent prognostic factor for HCC, its predictive ability is lagging and limited. Therefore, it is necessary to combine new indices to improve the accuracy and timeliness of predicting survival in the patients with HCC.

Several inflammation-based markers and biomarkers of liver fibrosis and cirrhosis have been explored to predict prognosis (3). The previous studies have found that liver fibrosis and cirrhosis are important risk factors for postoperative recurrence of liver cancer (4–6). Liver biopsy is the gold standard for grading liver fibrosis or cirrhosis, but the invasive and expensive properties limited its clinical application (7). In 2003, aspartate aminotransferase (AST)-to-platelet (PLT) index (APRI) was first proposed by Wai et al. as a substitute index for the diagnosis of advanced fibrosis and cirrhosis in the patients with chronic hepatitis C; compared with liver biopsy, APRI is a simple, feasible, and non-invasive predictor and is derived from routine laboratory data calculated as the ratio of [(aspartate aminotransferase/upper limit of normal value)/platelet counts (× 109/L)] × 100 (8–10). Meta-analysis has revealed that increased APRI levels can predict the risk of HCC development in the patients with chronic hepatitis (11). Furthermore, the preoperative APRI scores are associated with the postoperative complications of HCC and can predict the occurrence of hepatic failure after liver resection (12–15). As there is a strong correlation between APRI and liver histopathology, and liver fibrosis and cirrhosis are the key factors in the development of HCC; multiple studies attempt to explore the accuracy of APRI in predicting the prognosis of HCC.

The studies that explored the association between the APRI levels and the prognosis of HCC have shown inconsistent findings. In addition, these studies tend to come from a single center and are limited to specific populations, such as the patients with hepatitis B virus (HBV)-associated HCC or after hepatectomy. Therefore, to examine the prognostic potential of APRI comprehensively and systematically in the patients with HCC, we extensively reviewed all the cohort studies that explored the association of APRI levels with overall survival (OS) and disease-free survival (DFS) in the patients with HCC. Furthermore, we investigated the effects of multiple host and external factors on the predictive strength, which can help the clinicians fully utilize clinical data for risk stratification and develop personalized monitoring strategies.



METHODS AND MATERIALS

This meta-analysis was reported following the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA 2020) statement (16). The protocol for this study is not registered.


Search Strategy

Two reviewers independently conducted an extensive search of PubMed, Embase, and Web of Science databases to determine all relevant literature on November 15, 2020 and updated on June 20, 2021. The search query was formed by combining the subject words with free words, specifically, that include the following terms: “Carcinoma, Hepatocellular,” “Hepatocellular Carcinoma(s),” “Liver Cancer(s),” “Cell Carcinoma(s), Liver,” “Carcinoma(s), Liver Cell,” “Liver Cell Carcinoma(s),” “Adult Liver Cancer(s),” “Cancer(s), Adult Liver,” “Liver Cancer(s), Adult,” “Hepatoma(s),” “APRI,” “Aspartate aminotransferase-to-platelet ratio index,” and “AST/platelet ratio index.” There were no language restrictions or filters for the search. We also checked the reference lists of relevant reviews and included articles and performed a forward search. The search results discrepancies were resolved by consulting a library search professional.

The complete search strategies for each database are available in the Appendix.



Eligibility Criteria

The included studies must meet all the following inclusion criteria: (1) the population was patients with HCC; (2) the subjects were divided into low and high APRI level groups; (3) the study investigated the hazard ratio (HR), risk ratio (RR), or odds ratio (OR) of OS or DFS between the different APRI levels or provided sufficient data to calculate theses risk effects; (4) the study type was a cohort study. The studies were excluded if it met any of the following criteria: (1) pathological type was not HCC; (2) not relevant to the prognosis of HCC; (3) the risk effects and corresponding 95% CI were not provided and available data did not enough to calculate them; (4) studies without original clinical data, such as the reviews, systematic reviews, meta-analysis, expert opinions, editorial, or comment. (5) The articles were not written in full text or the full text was not available, such as the conference abstract. If a patient cohort was included in multiple publications, we selected the study with the largest sample size among the eligible studies to avoid data overlap.



Study Selection and Data Extract

Two authors independently reviewed the titles and abstracts of literature according to the eligibility criteria, initially excluding obvious irrelevant literature, and then re-evaluated the full text of the remaining articles to identify the relevant studies; the reasons for exclusion were recorded. Any disagreements were resolved through the discussion among all the authors. Two reviewers independently extracted the following data from the included literature: first author, publication year, sample size, gender, study region, median/mean age, follow-up time, treatment method, cutoff value of APRI, method of APRI selection, study design, proportion of patients with cirrhosis, vascular invasion, tumor size, number, and stage, hepatitis virus status, and the risk effects of OS and DFS along with corresponding 95% CI between high and low APRI groups. Considering that DFS and recurrence-free survival are often similar in clinical practice, we did not distinguish their HRs. Two reviewers cross-check the extracted data. If the study did not directly provide the risk effect and corresponding 95% CI but presented it as a figure, we extracted them using Engauge Digitizer software (version 4.1). In studies that provided both adjusted and unadjusted HRs, adjusted HR was preferred.



Statistical Analysis

All data analysis was performed using Stata 14 (StataCorp LLC, TX, USA). We calculated the pooled HRs and corresponding 95% CI. Cochran's Q-test and Higgins' I2 statistics were used to assess the heterogeneity between the studies. When I2 < 50% and Pheterogeneity > 0.05, we considered that the heterogeneity was acceptable, and the fixed effects model was used to pool the results; otherwise, significant heterogeneity existed, and the random-effects model was selected (17). A univariate meta-regression analysis was performed to identify the potential sources of heterogeneity. The subgroup analyses were performed for the region, age (mean/median year <55 or ≥55), treatment, disease stage (CTP A, BCLC stage 0-A, Edmonson grade I–II, TNM stage I classified as early stage, and otherwise as advanced stage), hepatitis virus status, APRI level (cutoff value <1 or ≥1), method of APRI selection, proportion of cirrhosis (<50% or ≥50%), analysis mode, sample size (<300 or ≥300), and tumor size (median/mean size <3 cm or ≥3 cm). Hepatitis viral status and tumor stage were grouped according to the main patient characteristics of each study. The sensitivity analysis was performed by excluding one study at a time to evaluate the stability of the results. Potential publication bias was examined by visually inspecting the funnel plot and further confirmed by the Begg's and Egger's tests. No potential publication bias existed if both the P-values were >0.05 and the funnel diagram was symmetrical (17). When publication bias occurs, we use the trim-and-fill method to evaluate the influence of potentially unpublished studies on the pooled results (18). If HR < 1, APRI was considered a protective predictor of OS and DFS in the patients with HCC, while HR > 1 was considered a risk predictor. The Poveralleffect value <0.05 was considered statistically significant. The Newcastle-Ottawa Scale (NOS) scale (cohort study) was used to assess the quality of the included studies that mainly included selection, comparability, and outcome. When the NOS score ≥ 7, the study was classified as high quality, otherwise considered to be at high risk of bias (19).




RESULTS

Through the pre-established search strategies, a total of 1,097 records were identified from Embase, PubMed, Web of Science, and reference lists of related papers. Eliminating duplicate literature and screening the titles and/or abstracts resulted in 991 records being excluded. We read the full text of the remaining 106 articles. Among them, 22 articles did not provide the risk effects along with corresponding 95% CI for OS or DFS and the data were insufficient to calculate them, 14 articles did not investigate the effect of APRI levels or analyze APRI separately, 40 articles were not relevant to the prognosis of HCC, two articles included the patients who overlapped with other larger cohorts. The list of articles excluded after a full-text reading is available in the Appendix. Finally, a total of 32 cohorts from 28 studies were included in the meta-analysis (20–47) (Figure 1).


[image: Figure 1]
FIGURE 1. Flow diagram of the article selection process.



Description of the Included Studies

All the included 28 studies were retrospective cohort studies with a sample size ranging from 72 to 1,669, such as a total of 11,041 patients consisting of 8,776 men, 2,159 women, and 106 with unknown gender. Men account for the main proportion in all the studies. The median/mean age of patients in 11 studies was <55 years, 15 studies were >55 years, and the remaining two were unclear. The patients in 18 cohorts were treated with surgery, and the other cohorts included the patients with transarterial chemoembolization (TACE) (n = 4), radiotherapy (n = 1), radiofrequency ablation (RFA) (n = 3), or mixed therapy (n = 6), with a median/mean follow-up of 19.8–77.9 months. Some proportions or the entirety of patients in all the studies that reported hepatitis virus status, except one, were complicated with HBV (15.3–100%) and/or HCV (0.9–100%). Similarly, a certain percentage of patients in each evaluated study had cirrhosis (17.9–100%). Most of the studies were dominated by the patients with an early-stage and solitary number of tumors, and the proportion of patients with tumor vascular invasion ranged from 9.8 to 76.3%. The mean/median tumor size in 14 studies exceeded 3 cm. Thirteen studies were grouped with the APRI cutoff values <1, and 12 were ≥1. The APRI test timing in all the studies was before HCC treatment. The determination of the cutoff value was mainly based on an ROC analysis, as well as X-tile plots and other methods, such as experience or reference to the previous research. More detailed characteristics of the included studies are shown in Table 1. The NOS scores of the included studies ranged from 7 to 9, and the main risk of bias was short follow-up time (Table 2).


Table 1. The characteristics of the included studies.

[image: Table 1]


Table 2. The quality assessment of the included studies.
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Association Between the APRI Levels and OS

A total of 25 studies involving 10,369 patients with HCC evaluated the association between different APRI levels and OS. The heterogeneity test showed significant heterogeneity (I2 = 79.0%, Pheterogeneity < 0.001), so the random-effects model was used for effect size analysis. The pooled HR was 1.77 (95% CI: 1.53–2.05, Poverall effect < 0.001), indicating that the APRI index had a significant predictive ability for the OS of patients with HCC (Figure 2). The patients with high APRI levels had an increased risk of death by 77% compared with the patients with low APRI levels.


[image: Figure 2]
FIGURE 2. The forest plot of pooled hazard ratio (HR) for overall survival (OS).


In the subgroup analysis and regression analysis, we found that the sample size and analysis mode were the possible source of heterogeneity (Pinteraction = 0.003 and 0.017, respectively); the studies with fewer than 300 subjects and the univariate analysis reported a higher HR. Furthermore, APRI cutoff value (Pinteraction = 0.083) and cutoff determination method (Pinteraction = 0.094) may also be the sources of heterogeneity, while age, treatment, study region, disease stage, hepatitis virus status, cirrhosis, and tumor size were not related to observed substantial heterogeneity. A multivariate analysis showed that APRI could be an independent predictive factor for the OS (HR =1.60, 95% CI: 1.40–1.83, Poverall effect < 0.001). Of note, the pooled results from the studies in Japan (HR = 1.67, 95% CI: 0.95–2.93, Poverall effect = 0.076) and Korea (HR = 1.98, 95% CI: 0.65–6.00, Poverall effect = 0.229) showed no significant correlation between APRI and OS. In other subgroups, higher APRI levels were consistently associated with poorer OS (Table 3). In addition, we performed a univariate meta-regression analysis based on the sex ratio of the patients in each study, and no statistical significance was observed (P = 0.202).


Table 3. The results of the subgroup analysis for overall survival (OS).
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Association Between the APRI Levels and DFS

A total of 21 studies with 7,991 patients with HCC evaluated the association between the APRI levels and DFS. The heterogeneity level was subtle (I2 = 20.2%, Pheterogeneity = 0.190), so the fixed-effects model was used. Similar to OS, the pooled HR showed a significant association between the higher APRI levels and poorer DFS (HR = 1.59, 95% CI: 1.47–1.71, Poverall effect < 0.001) (Figure 3).


[image: Figure 3]
FIGURE 3. The forest plot of pooled HR for DFS.


The sample size remained the potential source of heterogeneity (Pinteraction = 0.037); the studies with the small sample sizes tended to report a higher HR than the large sample sizes. Age (Pinteraction = 0.084) and hepatitis virus status (Pinteraction = 0.081) may also be the sources of heterogeneity. A subgroup analysis showed no statistical correlation between the APRI levels and DFS in the Korean population (HR = 1.79, 95% CI: 0.93–3.42, Poverall effect = 0.079) and those who received TACE (HR = 1.38, 95% CI: 0.86–2.21, Poverall effect = 0.176). The statistical significance could be consistently observed in other subgroups. The pooled results of the multivariate analysis indicated that APRI could serve as an independent predictor of DFS in the patients with HCC (HR = 1.62, 95% CI: 1.49–1.77, Poverall effect < 0.001) (Table 4). The regression analysis showed that the change of HR with sex ratio was not statistically significant (P = 0.168).


Table 4. The results of the subgroup analysis for disease-free survival (DFS).
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Sensitivity Analysis

The sensitivity analysis was performed for the pooled results by excluding one study at a time. The results showed that the pooled effect sizes were stable, and each individual study had little effect on the pooled HRs for OS and DFS (Figures 4, 5).


[image: Figure 4]
FIGURE 4. The effects of the individual studies on the pooled HR of OS.



[image: Figure 5]
FIGURE 5. The effects of the individual studies on the pooled HR of DFS.




Publication Bias

We performed the funnel plots to evaluate the publication bias of included 28 studies, and the results showed obvious asymmetry (Figures 6, 7). The Begg's and Egger's tests were performed to validate the results, and both the P-values for OS and DFS were <0.05, demonstrating the risk of publication bias in the current published studies. In OS analysis, after adjusting with the trim-and-fill method, 12 unpublished studies were added. The re-pooled results showed that the HRs of the fixed-effects model and the random-effects model were 1.25 (95% CI: 1.19–1.31, P < 0.001) and 1.32 (95% CI: 1.13–1.55, P < 0.001), respectively. In DFS analysis, eight unpublished studies were added according to the trim-and-fill method. The re-pooled results showed that the HRs of the fixed-effects model and the random-effects model were 1.48 (95% CI: 1.38–1.59, P < 0.001) and 1.50 (95% CI: 1.35–1.66, P < 0.001), respectively.


[image: Figure 6]
FIGURE 6. The funnel plot for OS.



[image: Figure 7]
FIGURE 7. The funnel plot for DFS.





DISCUSSION

In this study, OS and DFS were used as the endpoints to evaluate whether the APRI levels could predict the prognosis of HCC. The overall pooled results suggested that the patients with HCC with high APRI levels had a significantly increased risk of death and recurrence than the patients with low APRI levels. Although the pooled results may be influenced by publication bias, the significant correlation between the APRI levels and prognosis of HCC remained after adding potentially unpublished literature. Furthermore, we analyzed the impacts of age, treatment, region, sample size, disease stage, hepatitis virus status, APRI cutoff value, cutoff value selection, cirrhosis, analysis mode, and tumor size on the results. Among them, the pooled results from Korea, Japan, and the patients treated with TACE showed no statistical association between the pretreatment APRI levels and prognosis (OS and/or DFS), while a stable correlation could be observed in other subgroups. The results from the multivariate analysis suggested that APRI levels seem to serve as an independent predictive factor for the patients with HCC.

In addition to predicting the prognosis of patients with HCC throughout the follow-up period, Liu et al. found that the APRI levels could be an independent risk factor for early recurrence <1 year in the background of cirrhosis/fibrosis, and the study conducted by Allenson et al. showed that a high APRI level was associated with OS <30 days (30, 45). Furthermore, Chen et al. found that a high APRI level predicted a higher risk of second recurrence (34). These findings can broaden the prediction range of APRI.

Lee et al. and Chung et al. also found that the patients who developed HCC death or relapses had persistently higher APRI values than the non-relapsing patients during follow-up (23, 41). Moreover, the study conducted by Peng et al. indicated that the difference value between postoperative APRI and preoperative APRI could serve as an independent prognostic factor for OS and DFS; change of APRI ≥ 0.02 was associated with the poorer outcomes (46). A similar result was found in the study conducted by Lee et al. (23). In addition, Chung et al. observed that the APRI value decreased significantly during follow-up in the patients who remained relapse-free, suggesting that it may be feasible to use APRI as a dynamic monitoring indicator during follow-up (41). However, there was a lack of data on dynamic AST and/or PLT, and no detailed description of the specific fluctuations of APRI over time.

APRI is a non-invasive serum predictor that can be calculated at the bedside using the routine laboratory test parameters. The exact mechanism between APRI and poor prognosis in the patients with HCC after treatment remains unclear. It may be explained by the following reasons. First, the PLT count can promote hepatocyte regeneration and reflect the degree of liver function; thrombopenia is considered a risk factor for cirrhosis, and the patients with cirrhosis generally have decreased the PLT levels due to reduced thrombopoietin and PLT capture by the liver (48–53). PLT is also an important regulator of tumor vascular homeostasis and can facilitate and regulate tumor angiogenesis (54). Second, AST not only represents the degree of cirrhosis, but is also a biological indicator of liver inflammation; as AST exists in the mitochondria of liver cells, it can be released into the serum when mitochondria are damaged, and therefore AST is used as a reliable and sensitive biomarker to indicate the damage of liver function (55, 56). Liver cirrhosis and hepatocyte damage were closely associated with hepatocarcinogenesis (57–59). As a result, APRI that combined AST and PLT count is expected to reflect the prognosis of HCC from liver reserve and inflammation. Several studies have suggested that the low preoperative PLT or the high AST levels are associated with poor survival after therapy (60–63).

Of note, although current data show that the APRI level can generally reflect the prognosis of patients with HCC, it cannot determine which populations can achieve the best sensitivity and specificity, so it is necessary to combine with other prognostic prediction systems in clinical practice. On the one hand, it can be combined with currently used clinical assessment methods, such as CT, PET-CT, MRI, DSA, ultrasonography, TNM staging system, AFP, or Model for End-Stage Liver Disease score. On the other hand, it is possible to combine other serum markers with prognostic value, such as AST/lymphocyte ratio, neutrophil/lymphocyte ratio, and platelet/lymphocyte ratio, to establish a novel prognostic scoring system. For instance, Zhao et al. established a prognostic nomogram involving APRI, AST/lymphocyte ratio, and systemic immune-inflammation index, and Ji et al. found that APRI combined with neutrophil/lymphocyte ratio improved the predictive accuracy (22, 23).

The main limitation of this study was the small number of studies in some subgroups (such as non-surgical treatment group, non-HBV/HCV HCC group, United States, European, and African region group), so it is difficult to draw solid conclusions that are universally applicable to all the regions or all populations. The absence of statistical significance in some subgroups could also be explained by a lack of statistical power due to the small number of included studies. Furthermore, the published studies did not provide sufficient data for a more detailed subgroup analysis to accurately characterize the population that can benefit most from the APRI prediction strategy or is unsuitable for applying APRI scoring. Next, all the included studies were retrospective studies that did not consider scientific research needs in the collection of clinical data and did not guarantee the completeness and homogeneity of data. Third, some factors that may affect the results, such as tumor differentiation, vascular invasion, and tumor number, were not included in the analysis due to a lack of detailed data. In addition, the APRI level was also affected by physical activity, anti-hepatitis virus drugs, and concomitant diseases. Therefore, it will be necessary to proceed with caution when formulating a prognostic risk assessment strategy based on these data. Fourth, although the studies with different APRI cutoff values have shown that high APRI can predict worse OS and DFS, it must be unified before APRI score is widely used in clinical settings. Finally, the current results may be impacted by publication bias. Although the conclusion remains unchanged after adding potentially unpublished studies, the presence of publication bias should be emphasized when determining the APRI optimal cutoff value and evaluating prognostic value in the specific patients.



CONCLUSION

Although APRI is not yet suitable as a single independent prognostic factor for the patients with HCC, we suggest that the clinicians can use the APRI scores combined with other prognostic assessment systems for post-operative risk stratification, which may help to improve the predictive accuracy, leading to more effective clinical decision-making and prolonged survival of patients. Furthermore, more prospective studies with large samples and long-term follow-up from different regions and populations are needed to evaluate the prognostic value and optimal cutoff value of APRI in the patients with different characteristics.
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