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Background: To examine the potential prognostic significance of pretreatment De Ritis ratio (aspartate transaminase/alanine transaminase ratio) in urological cancers, including upper tract urothelial cancer (UTUC), renal cell carcinoma (RCC), prostate cancer (PCa), bladder cancer (BCa).

Methods: Potential literatures were searched with PubMed, Embase, Cochrane Library, and Web of Science in December 2019. Merged hazard ratios (HRs) and 95% confidence intervals (CIs) were used to evaluate the associations.

Results: Totally, 15 studies with 8,565 patients were included. Merged results showed that an elevated pretreatment De Ritis ratio was correlated with poorer OS (HR 1.80, 95% CI 1.61–2.01), CSS (HR 2.15, 95% CI 1.80–2.56), PFS (HR 1.57, 95% CI 1.34–1.85), BRFS (HR 1.67, 95% CI 1.11–2.53) for urological cancers. Subgroup analyses by cancer type for OS found that De Ritis ratio can be a predictor in UTUC (HR 1.91, 95% CI 1.57–2.33), RCC (HR 1.74, 95% CI 1.47–2.07), and BCa (HR 1.80, 95% CI 1.43–2.27). Similar results could be found for CSS (UTUC: HR 2.46, 95% CI 1.93–3.13; RCC: HR 1.90, 95% CI 1.46-2.47; BCa: HR 2.71, 95% CI 1.39-5.31) and PFS (UTUC: HR 1.59, 95% CI 1.15–2.20; RCC: HR 1.52, 95% CI 1.26–1.83; BCa: HR 1.79, 95% CI 1.18–2.72). There was no publication bias among these included studies.

Conclusions: Pretreatment De Ritis ratio was a significant predictor for OS, CSS, PFS and BRFS in urological cancers, indicating that it could be a promising prognostic factor during clinical practice.
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INTRODUCTION

Urological cancers, mostly consisting of upper tract urothelial cancer (UTUC), renal cell carcinoma (RCC), prostate cancer (PCa), and bladder cancer (BCa), stand for a large proportion of adult malignances, especially for male patients. These four kinds of tumor belong to the top ten most commonly diagnosed malignances in the United States, 2019 (1). In general, most urological cancers were identified in localized stage. Surgical resection is the primary treatment option, and can obtain satisfactory results. However, there were still a part of patients experiencing metastatic disease at the time of initial diagnosis, moreover, most localized tumors will finally turn into recurrent or metastatic disease. Over the past decade, targeted therapy remained the mainstream treatment for metastatic urological cancers. Recently, the advent of sipuleucel-T based immunotherapy (2) and new molecular target agents (3, 4) further improved the prognosis of patients with metastatic disease. Nevertheless, the long-time survival is still unsatisfactory for these tumors. Therefore, it is important to explore prognostic factors in these patients, which may guide the treatment of urological cancers.

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are long-familiar metabolic enzymes which can be generated by cancer and non-cancer cells. Previous studies have found the important prognostic role of these two enzymes in many kinds of malignances, including colorectal cancer, lung cancer, breast cancer, pancreatic cancer, and so on (5). The De Ritis ratio (AST/ALT) was firstly introduced by De Ritis et al. (6) to distinguish etiology of acute hepatitis about 50 years ago, and then became effective biomarker for kinds of hepatic diseases (7). Moreover, increasing evidence identified that De Ritis ratio can be an independent prognosis predictor for many kinds of malignances, such as hepatocellular carcinoma (8), head and neck cancer (9). More recently, the prognostic role of De Ritis ratio in genitourinary malignances has gained a lot of interest, and De Ritis ratio has been identified to be correlated with oncological outcomes for urological cancers. However, inconsistent results were reported. Hence, we aimed to systematical review the published literatures, and investigate De Ritis ratio as prognosis predictor in urological cancers, so as to provide high-level evidence for this issue.



MATERIALS AND METHODS


Literature Search

In order to examine the prognostic significance of De Ritis ratio in urological cancers, the related literatures were searched with PubMed, Embase, Cochrane Library and Web of Science in December 2019. Strategy of searching was constituted the following major terms: “De Ritis ratio” (e.g., “De Ritis ratio,” “AST/ALT ratio,” “aspartate aminotransferase to alanine aminotransferase ratio,” “aspartate transaminase/alanine transaminase ratio”), “urological cancer” (e.g., “urological cancer,” “urothelial cancer,” or “transitional cell cancer”, “renal cancer,” “prostate cancer,” “bladder cancer”), and “survival” (e.g., “survival,” “prognosis,” “outcome,” “progression,” “recurrence,” “mortality”). A manual screen of literature references was also performed for related studies. During the process of literature searching, no language restriction was set. The current study was performed according to the guidelines of PRISMA criteria (10), and the protocol was registered (CRD 42019142310).



Inclusion/Exclusion Criteria

All included studied focused on the prognostic significance of De Ritis ratio in genitourinary malignances. They also satisfied the next conditions: (1) patients were histopathologically diagnosed with urological cancers, including upper tract urothelial cancer (UTUC), renal cell carcinoma (RCC), prostate cancer (PCa), bladder cancer (BCa); (2) presented the correlation of pretreatment De Ritis ratio with specific endpoints, including overall survival (OS), cancer-specific survival (CSS), progression-free survival (PFS) for all urological cancers, and biochemical recurrence-free survival (BRFS) for PCa; (3) directly provided hazard ratios (HRs) and their 95% confidence interval (CI); (4) delivered in peer-review journals.

Exclusion criteria were as follows: (1) didn't provide critical data, such as HRs and 95% CIs for study endpoints; (2) studies about basic research; (3) letters, abstracts, opinions, reviews, and case report; (4) didn't analyze De Ritis ratio as dichotomous variable; (5) duplicated studies based on the same cohort, and in this case, the most comprehensive and latest study was chosen.



Data Extraction and Quality Evaluation

The literature searching was independently conducted by two researchers. The disparities were resolved by a senior investigator. The detailed data was obtained from included literatures: the first authors' name, publication year, region of patients, study design, sample size, mean or median age of patients, cancer type and stage, details of management, value of cut-off, ways of determining the cut-off value, source of HRs and 95% CIs, oncological endpoints. Moreover, HRs and their 95% CIs for each endpoint were obtained from included literatures. Quality evaluation of included literatures was performed with the Newcastle-Ottawa scale.



Statistical Analysis

Stata 12.0 (STATA Corporation, College Station) was used for all statistical analyses. Heterogeneity among studies was checked with the Higgins I2 statistic and Cochran's Q test. If significant heterogeneity (P < 0.10 and I2 > 50%) existed, the pooled HRs and 95% CIs was calculated with a random-effect model. Otherwise, we adopted the fixed-effect model. Subgroup analyses were undertaken to explore the associations of De Ritis ratio with classifying variables for OS and CSS. If ten or more studies were included in a meta-analysis, visually funnel plots and quantitative Begg's and Egger's tests were both applied to test publication bias. Sensitivity analysis was performed by excluding each literature by turn to evaluate the reliability and stability of the outcomes.




RESULTS


Searching Process and Characteristics of Studies

The process of literature searching was presented in Figure 1. Database searching has obtained 132 articles, and no additional record has been identified through screening references of related literature. After removing 40 duplicates, 40 studies, and 33 studies were, respectively, excluded by literature titles and abstracts screening. Nineteen studies were evaluated for eligibility with full-text, three of them were got rid of because of continuous or three categorial variable, one of them was excluded due to duplicated study. Lastly, 15 studies (5, 11–24) were included for extracting data.


[image: Figure 1]
FIGURE 1. The flow diagram of literature selection.


All literatures were recently published (2015–2019) with a retrospective design. Most objects of studies were Asian population. Totally 8,565 patients were analyzed in these studies, and the median size of patient number was 298 (IQR 135–698). The median and mean age of participates were, respectively, reported by eight and four studies. The median age ranged from 55 to 70 years, and the mean age ranged from 58.6 to 67 years. Of all studies, four focused on UTUC, six focused on RCC, two focused on PCa, three focused on BCa. Most patients were of non-metastatic disease, and treated by surgery (Table 1).


Table 1. Features of included studies.
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De Ritis Ratio and OS in Urological Cancers

There were twelve literatures for OS in urological cancers (5, 11, 12, 14, 15, 17–23). Since no obvious heterogeneity among these literatures (I2 = 0.0%, p = 0.638), a fixed model analysis was performed. The merged results presented that a higher level of AST/ALT ratio was correlated with poor OS for urological cancers (HR 1.80, 95% CI 1.61–2.01, p < 0.001). The subgroup analyses by cancer type have identified that a higher level of AST/ALT ratio was correlated with inferior OS for UTUC (HR 1.91, 95% CI 1.57–2.33, p < 0.001), RCC (HR 1.74, 95% CI 1.47–2.07, p < 0.001) and BCa (HR 1.80, 95% CI 1.43–2.27, p < 0.001), but not for PCa (HR 1.47, 95% CI 0.82–2.64, p = 0.195) (Figure 2A). Besides cancer type, subgroup analyses for OS were also performed by many other variables, including publication year, continent, country, sample size, and so on. The results remained significant by these subgroup variables (Table 2).


[image: Figure 2]
FIGURE 2. Forest plot reflects the association between De Ritis ratio and OS/CSS for urological cancers. (A) De Ritis ratio and OS; (B) De Ritis ratio and CSS.



Table 2. Subgroup analysis of overall survival and cancer-specific survival.
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De Ritis Ratio and CSS in Urological Cancers

There were 11 literatures for CSS in urological cancers (5, 11, 12, 15, 16, 18–21, 23, 24). The merged results presented that a higher level of AST/ALT ratio was correlated with poor CSS for urological cancers (HR 2.15, 95% CI 1.80–2.56, p < 0.001). The subgroup analyses by cancer type have identified that a higher level of AST/ALT ratio was correlated with inferior CSS for UTUC (HR 2.46, 95% CI 1.93–3.13, p < 0.001), RCC (HR 1.90, 95% CI 1.46–2.47, p < 0.001) and BCa (HR 2.71, 95% CI 1.39–5.31, p < 0.001) (Figure 2B). Besides cancer type, subgroup analyses for CSS were also performed by many other variables, including publication year, continent, country, sample size, and so on. Except for patients from Turkey, the results remained significant by these subgroup variables (Table 2).



De Ritis Ratio and PFS/BRFS in Urological Cancers

There were eight literatures for PFS in urological cancers (5, 11–13, 18, 21–23). Since significant heterogeneity existed among these studies (I2 = 53.2%, p = 0.037), a random model analysis was performed. The merged results presented that a higher level of AST/ALT ratio was associated with poor PFS for urological cancers (HR 1.57, 95% CI 1.34–1.85, p < 0.001). The subgroup analyses by cancer type have found that a higher level of AST/ALT ratio was associated with poor PFS for UTUC (HR 1.59, 95% CI 1.15–2.20, p = 0.005), RCC (HR 1.52, 95% CI 1.26–1.83, p < 0.001), and BCa (HR 1.79, 95% CI 1.18–2.72, p < 0.001) (Figure 3A). There were two literatures for BRFS in PCa (14, 17). Since no obvious heterogeneity was identified among these studies (I2 = 0.0%, p = 0.842), a fixed model analysis was performed. The merged results presented that a higher level of De Ritis ratio was correlated with poor BRFS for PCa (HR 1.67, 95% CI 1.11–2.53, p = 0.014) (Figure 3B).


[image: Figure 3]
FIGURE 3. Forest plot reflects the association between De Ritis ratio and PFS/BRFS for urological cancers. (A) De Ritis ratio and PFS; (B) De Ritis ratio and BRFS.




Publication Bias

Funnel plots for OS and CSS were presented in Figure 4, and they were visually asymmetry. Quantitatively Begg's and Egger's test also showed low possibility of publication bias for OS (P = 0.119 and 0.116) and CSS (P = 0.376 and 0.208).


[image: Figure 4]
FIGURE 4. Funnel plot for publication bias. (A) correlation of De Ritis ratio with OS in urological cancers; (B) correlation of De Ritis ratio with CSS in urological cancers.




Sensitivity Analysis

Each study was excluded each time to validate the stability of results. The merged HRs for De Ritis ratio and OS or CSS in cases with urological cancers were not obviously altered (Figure 5).


[image: Figure 5]
FIGURE 5. Results of sensitivity analysis. (A) correlation of De Ritis ratio with OS in urological cancers; (B) correlation of De Ritis ratio with CSS in urological cancers.





DISCUSSION

Genitourinary cancers represent a large proportion of adult malignances, especially for men. The most common types of urological cancers are UTUC, RCC, PCa, and BCa (1). With the improvement of surgical skills and the advent of molecular targeted therapy and immunotherapy, the oncological outcomes of genitourinary cancers had got a significant progress (2–4). However, postoperative recurrence and distant metastasis also are high-frequency events for urological cancers, and the prognosis for these patients was unfavorable. Therefore, it is needed to explore the prognosis biomarkers for urological cancers, which may guide the clinical treatments.

During clinical practice, AST and ALT were applied to assess liver function, and to recognize liver diseases such as viral and alcoholic hepatitis. In 1957, De Ritis et al. (6) initially applied the De Ritis ratio (AST/ALT) to distinguish the etiology of acute hepatitis. Meanwhile, a large number of studies in recent years have shown that AST/ALT has important prognostic value in various urinary system tumors, including UTUC, RCC, PCa, and BCa. This study tried to systematic review related published studies and applied the method of meta-analysis to evaluate the prognostic significance of De Ritis ratio in genitourinary malignances. Based on the high-quality studies, after merging relevant results, a higher pretreatment De Ritis ratio was identified to be significantly associated with poor OS, CSS, PFS and BRFS. The results for these four endpoints remained significant for UTUC, RCC, PCa, and BCa, respectively. The subgroup analyses in terms of different variables for overall survival and cancer-specific survival didn't change the direction of results. Publication bias checking and sensitivity analyses have also validated the reliability and robust of our results. AST and ALT are commonly applied hematological index in clinical practice, which are simply and easily measured with low cost. Hence, De Ritis ratio can be widely used as an effective prognostic marker in clinical diagnosis and treatment of urological cancers.

More recently, a meta-analysis has studied De Ritis ratio as prognosis predictor in solid cancers. They have found that a higher level of AST/ALT ratio was significantly correlated with poor OS, CSS, and RFS in all cancer types (25). However, there were several limitations for this study. Firstly, tumors from different systems may have different pathogenesis, it seems unreasonable to analyze them together. Secondly, most included studies analyzed De Ritis ratio as a dichotomous variable, however, Gu et al. (26) analyzed De Ritis ratio as a continuous variable. It seems unreasonable to analyze them together. Therefore, our study didn't include the study by Gu et al. (26). Moreover, our study was performed later, we can include new evidence. Hence, our study can provide the latest and most comprehensive evidence for the prognostic value of De Ritis ratio in urological cancers.

AST can be synthesized in kinds of tissues, while ALT is mainly synthesized in liver (27). Therefore, damage of tissue due to tumor cells or metabolic changes in rapidly proliferate tumor cells can raise the AST level in peripheral blood, but the ALT level does not change much. Further, literatures have reported that AST and ALT in tumor cells catalyze changes in the end products of cellular metabolic pathways (28). Therefore, AST/ALT ratio level have theoretical basis as potential prognostic factor in cancer patients. The specific mechanism of the relationship between De Ritis ratio and prognosis of urological cancers is still not clear, and further research is needed. One possible hypothesis is that aspartic and alanine transferase play important roles in the metabolism of urological cancers. Metabolic remodeling to ensure adequate energy and break the key blocks of tumor cell proliferation are important tumor characteristics (29). Compared with the oxidative phosphorylation of mitochondria in normal cells, the aerobic glycolysis rate of tumor cells was significantly increased after mitochondrial dysfunction (30). Besides “Warburg effect” this particular phenomenon, tumor cells exhibit a significant higher synthetic rate of nucleotide and amino acid to meet the needs of highly proliferative state (31). An important TCGA study found that metabolic changes exert a vital role in tumor progression and survival outcomes of RCC (32). Meanwhile, a recent study found that RCC was characterized by extensive recombination of cell metabolism, and these metabolic metastases were closely related to tumor progression and metastasis (33). In summary, these results highlighted the relationship between changes in cell metabolism and the biology of urological cancers. Furthermore, ALT relocates NADH into mitochondria through malic acid-aspartic acid shuttle pathway, which plays an important role in glycolysis. Therefore, aspartic and alanine transferases are highly likely to be involved in glycolytic mechanisms of urological cancers, although our apprehension of the exact mechanisms is constricted.

Of course, our study has some limitations. First, almost all the studies were single-center retrospective designed, and part of hazard ratios and corresponding 95% confidence intervals extracted from univariate analysis results, and some uncontrollable bias may exist. Second, because this study only included published literature, there may be publication bias. Third, we tried to obtain comprehensive data. However, there is still little literature on some outcomes, especially biochemical recurrence-free survival. Finally, no included studies analyzed patients from America or Africa, which may cause publication bias, and it also can be a weakness limiting generalizability of the findings.



CONCLUSIONS

The results found that a higher pretreatment De Ritis ratio was significantly correlated with lower OS, CSS, PFS and BRFS in urological cancers. De Ritis ratio level before treatment can be applied as a significant prognostic factor to guide clinical treatment of urological cancers.
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8Q, study quality according to the Newcastle-Ottawa scale; RTF, retrospective; SC, single center; MI, multi-institutional; UTUC, upper tract urothelial cancer; BCa, bladder cancer; PCa, prostate cancer; RCC, renal cell carcinoma; ROC,

receiver-operating characteris

08, overall survival; CSS, cancer-specific cancer; PFS, progression-free survival; BRFS, biochemical recurrence-free survival.
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