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Objective

To evaluate whether pretreatment albumin−globulin ratio (AGR) can be used as a biomarker for predicting the prognosis of patients with urothelial carcinoma (UC).



Methods

We systematically searched PubMed, Web of Science, China National Knowledge Infrastructure (CNKI), Google Scholar and Cochrane Library; the search time was up to May 2022. Stata 16.0 was used for data processing and statistical analysis.



Results

We identified 12 studies with 5,727 patients from 317 unique citations during the meta-analysis. Our results suggested that a low AGR before treatment was significantly associated with poor overall survival (OS) [hazard ratio (HR) = 1.99, 95% confidence interval (CI) = 1.45-2.75, P < 0.001], cancer-specific survival (CSS) [HR=2.01, 95% CI = 1.50-2.69, P < 0.001] and recurrence-free survival (RFS) [HR=1.39, 95% CI = 1.12-1.72, P = 0.002]. Furthermore, we defined different subgroups according to ethnicity, cancer type, cut-off value, sample size and stage. Similar prognostic outcomes for OS and CSS were observed in most subgroups. However, for subgroup of stage, the low pretreatment AGR only predicted the poor survival of patients with non-metastatic UC.



Conclusion

Our meta-analysis revealed that the AGR before treatment could be used as a predictive biomarker to indicate the prognosis of UC patients during clinical practice, especially in patients with non-metastatic UC.
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Introduction

Urothelial carcinoma (UC) mainly originates in the bladder, renal pelvis, ureters, and urethra and is the fourth most frequently diagnosed cancer worldwide (1). It has been reported that 90% of UCs occur in the bladder, with bladder cancer (BC) being the most common UC (2). Moreover, according to a World Health Organization (WHO) report, there will be 573,278 new cases and 212,536 deaths BC-related deaths worldwide in 2020. Conversely, upper tract urothelial carcinoma (UTUC) is rare and only accounts for only 5%-10% of all UC patients with a poor prognosis (3). BC can be divided into three subtypes: non-muscle-invasive bladder cancer (NMIBC), muscle-invasive bladder cancer (MIBC), and metastatic BC. Nearly 75% of bladder cancers initially present with NMIBC. Intravesical chemotherapy or intravesical immunotherapy after transurethral resection is the standard treatment for NMIBC (4, 5). In contract, radical cystectomy (RC) with extended pelvic lymphadenectomy is the mainstay of treatment for patients with MIBC (6). However, BC, which has a severe recurrence and progression rate, and an estimated 5-year overall survival (OS) of only 10% to 40%, cannot be entirely overcome by definitive treatment (7). UTUC is characterized by a high degree of malignancy. Radical nephroureterectomy (RNU) with bladder cuffing is the standard treatment for high risk nonmetastatic UTUC patients, but 20%-30% of patients have distant metastasis and a poor survival rate of 5 years after surgery (8, 9). Hence, a valuable prognostic indicator should be identified to predict the survival and recurrence in patients with UC.

In addition to traditional prognostic factors such as tumor TNM stage, grade, lymphovascular invasion (LVI), and node classification, numerous clinical trials have found that smoking history, sex, symptoms and other clinical prognostic factors have also been used to evaluate the prognosis of UC patients (10–12). However, these clinical and pathological factors remain limited in improving outcome predictions for UC patients. Recently, several meta−analysis have identified that preoperative laboratory hematological biomarkers, including C-reactive protein (CRP), hemoglobin, lymphocyte-monocyte ratio (LMR), neutrophil-to-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), white blood cell count, and De Ritis ratio, may have prognostic value in patients with UC (13, 14).

Albumin and globulin are the main proteins in the serum and closely related to nutritional status and systemic inflammation in cancer patients (15). The albumin-to-globulin ratio (AGR) is a ratio that combines the two indexes (albumin and globulin). Recent studies have revealed that AGR is an independent prognostic factor for several cancers, such as multiple myeloma (16), non-small cell lung cancer (17), and colorectal cancer (18). Furthermore, low AGR is associated with worse survival. However, the use of AGR to evaluate the clinical prognosis of patients with UC remains controversial. Although the published literature shows that UC patients with low AGR have a poorer prognosis, Pradere et al. (19) discovered that pretreatment AGR is not associated with OS or recurrence-free survival (RFS). Accordingly, our study aimed to reveal the prognostic value of pretreatment AGR and to guide our clinical practice.



Materials and methods

Our study was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline (20).


Literature search

PubMed, Web of Science, China National Knowledge Infrastructure (CNKI), Google Scholar, and Cochrane Library were used to search related published articles that assessed the prognostic value of AGR for UC patients. The time range of the literature search was up to May of 2022. All searches were limited to human studies and no language restrictions were applied.

The search terms were as follows: “urothelial carcinoma”, “urothelial cancer”, “bladder cancer”, “upper tract urothelial carcinoma”, “upper tract urothelial cancer”, “UTUC”, “prognosis”, “prognostic factors”, “survival”, “serum albumin”, “serum globulins”, “albumin to globulin ratio”, “albumin/globulin ratio” and “AGR” as Mesh term or keywords. The above search fields were randomly combined to achieve a complete search. Furthermore, two authors independently performed the searches, and a third author resolved any discrepancies.



Inclusion and exclusion criteria

The included researches should meet the following criteria: (1) patients pathologically diagnosed with UC (including bladder cancer or upper tract urothelial carcinoma); (2) Provision of an exact AGR cut-off value before receiving treatment; (3) hazard ratio (HR) and related 95% confidence intervals (CIs) were provided; (4) corresponding survival outcomes, such as overall survival (OS), cancer-specific survival (CSS), recurrence-free survival (RFS), tumor-specific survival (TSS), progression-free survival (PFS), metastasis-free survival (MFS), had been reported; (5) studies with randomized controlled trials (RCTs), case-control studies, or cohort studies.

Studies were excluded based on the following criteria: review articles, repetitive reviews, letters, case reports, studies unrelated to the subject matter, duplicated studies based on the same patients, and studies with no detailed data.



Data extraction and quality assessment

Two researchers separately extracted the relevant data from the included literatures and resolved the disagreements through negotiation or by a senior author. The outcomes of interest for each included study were as follows: first author’s name, country, study design, sample size, intervention, age, cancer type, cut-off value for AGR, follow-up time, and outcome indicators. When univariate and multivariate analyses were conducted in a study, we extracted the multivariate analysis data for follow-up analysis. Based on preliminary search results, the Newcastle-Ottawa Scale (NOS) was used to evaluate the quality of the included studies (21). According to the evaluation of the three question areas of selection, comparability, and exposure in the scale, a score of more than six stars was considered to indicate high-quality research.



Statistical analysis

In this study, Stata 16 (StataCorp LP, University City, Texas, USA) was used for the statistical analysis. Multivariate HR and corresponding 95% CI were extracted from each study, and data were synthesized to assess the prognostic value of AGR on UC patients survival. The heterogeneity between the included studies was verified using Cochranes Q test and I2 test. Regarding the heterogeneity test results, the random-effects model was used when heterogeneity was present (I2 ≥ 50% or p < 0.1). Otherwise, fixed-effects models were used for the analyses. I2 > 50% indicated significant heterogeneity between studies. We performed subgroup analyses based on ethnicity, cancer type, cutoff value, sample size and stage to evaluate the heterogeneity. Sensitivity analysis, involving the removal of each individual study, was also used to assess the robustness of our survival outcomes. Additionally, Begg’s test was performed to explore potential publication bias. value of P less than 0.05 was considered statistically significant.




Results


Description of studies and quality assessment

In total, 317 articles were retrieved from the databases and manually searched. After removing the relevant repeated studies, 232 studies remained. Subsequently, 207 articles were excluded from the analysis of research topics and abstracts. Full-text analysis was carried out for the remaining 25 eligible studies; relevant data could not be extracted from eight reviews, two letters and comments, and three articles. Finally, 12 articles with 5,727 patients were included in this study for further analysis (Figure 1).




Figure 1 | Flow diagram of studies selection process.



The baseline data are presented in Table 1. Eleven retrospective articles and one propensity-matched scoring study were included. All the studies have focused on bladder urothelial cancer and upper tract urothelial carcinoma. The included literatures were single-center or multicenter studies, which were published between 2015 and 2021. The cutoff values for the AGR ranged from 0.95 to 1.55. The mean follow-up time ranged from 7.5 to 78 months. Additionally, all included studies with a NOS score of 6 or higher were regarded as high-quality studies (Table 1).


Table 1 | Baseline characteristics of include studies and methodological assessment.





Association of AGR with OS

Nine studies (19, 22, 24–28, 31, 32) reported an association between pretreatment AGR and OS in UC patients. Owing to the heterogeneity test outcome (I2 = 76%, p < 0.001), we used a random-effects model. Our meta-analysis revealed that compared with the high AGR group, the low AGR group had inferior OS, and the difference between the two groups was statistically significant [HR = 1.99, 95% CI (1.45-2.75), p < 0.001, Figure 2].




Figure 2 | Forest plot and meta-analysis of the association between overall survival and albumin to globulin ratio.





Association of AGR with CSS

Study reports from eight studies (22, 23, 26–29, 31, 32), with 4,250 patients enrolled, indicated the prognostic value of AGR in patients with UC on CSS. The pooled results indicated that the lower pretreatment AGR was correlated with poorer CSS [HR = 2.01, 95% CI (1.50-2.69), P < 0.001, Figure 3], with a high heterogeneity (I2 = 61.7%, p = 0.011).




Figure 3 | Forest plot and meta-analysis of the association between cancer-specific survival and albumin to globulin ratio.





Association of AGR with RFS

Six studies (19, 23, 26, 27, 30, 31) with 4,628 patients recorded the impact of pretreatment AGR on RFS. Because of the high heterogeneity between the studies (I2 = 61.2%, p = 0.024), a random-effects model was used. The results of the meta-analysis demonstrated that pretreatment AGR was an independent risk factor for poor RFS in patients with UC [HR = 1.39, 95% CI (1.12-1.72), P = 0.002, Figure 4].




Figure 4 | Forest plot and meta-analysis of the association between recurrence-free survival and albumin to globulin ratio.





Subgroup analysis

We conducted a subgroup analysis for OS and CSS with limited studies, and stratified by ethnicity, cancer type, cutoff value, and sample size (Table 2). Stratified according to the ethnicity, in the Chinese population, the low pretreatment AGR was positively correlated with poor OS [HR = 2.51, 95% CI (1.17, 5.38), P = 0.018] and CSS [HR=1.95, 95%CI (1.25, 3.02), P=0.003]. Similarly, in other regional subgroups, we found that a low AGR was an independent risk factor for OS [HR = 1.81, 95% CI (1.25, 2.93), P = 0.003] and CSS [HR = 2.17, 95% CI (1.36, 3.47), P=0.001]. However, low AGR was not related to RFS in the Chinese population. Subgroup analyses stratified by cancer type, our results showed that the low AGR predicted a worse OS [HR = 1.63, 95% CI (1.24, 2.13), p < 0.001] and CSS [HR = 1.86, 95% CI (1.31, 2.64), P = 0.001] in the UTUC group. The same results were observed in BC group [OS: HR = 10.42, 95% CI (3.02, 35.71), p < 0.001; CSS: HR=2.48, 95%CI (1.47, 4.16), P=0.001] and mix group [OS: HR = 2.60, 95% CI (1.48, 4.59), P = 0.001; CSS: HR = 2.19, 95% CI (1.19, 4.04), P = 0.001] with limited articles. For subgroup of cut-off value, the meta-analysis demonstrated that in the cut-off value <1.41 [OS: HR = 2.19, 95% CI (1.28, 3.73), P = 0.004; CSS: HR = 2.17, 95% CI (1.36, 3.47), P = 0.001] and cut-off value ≥1.41 [OS: HR = 1.89, 95% CI (1.13, 3.16), P = 0.017; CSS: HR = 1.95, 95% CI (1.25, 3.02), P = 0.003], all the above results indicated that the low pretreatment AGR was related to poor OS and CSS. Stratified by sample size, lower OS and CSS were more likely to be related to low AGR, either in the sample size ≥179 group [OS: HR = 1.50, 95% CI (1.14, 1.97), P = 0.005; CSS: HR = 1.75, 95% CI (1.29, 2.38), p < 0.001] or sample size <179 [OS: HR = 2.90, 95% CI (1.46, 5.73), P = 0.001; CSS: HR = 2.56, 95% CI (1.54, 4.26), p < 0.001]. In addition, stratified by stage, due to limited data, we only observed that low AGR was associated with a poor OS [HR = 1.86, 95% CI (1.35,2.57), p < 0.001] and CSS [HR = 1.81, 95% CI (1.46, 2.75), p < 0.001] in patients with non-metastatic UC.


Table 2 | Subgroup analysis of OS and CSS based on different influencing factors.





Sensitivity analysis

Because of the high heterogeneity of some parameters, we performed a sensitivity analysis for the pooled HRs of OS and CSS. No significant change in the pooled HR was observed according to the leave-one-out test. Hence, we believe that our results are reliable (Figure S1).



Publication bias

Begg’s test was performed to assess the publication bias in this study. Visual examination of the funnel plot and statistical analysis revealed potential publication bias was exist for OS (p = 0.048) and CSS (p = 0.004). Subsequently, a test of trim and fill in STATA using the “metatrim” command was adopted to further investigate the publication bias; furthermore, there were four potentially missing studies according to the filled funnel plot. However, our pooled results basically did not change after adding four unpublished studies (Figure S2).




Discussion

UC is a highly invasive tumor with a high mortality rate. Even in cases where patients received radical surgery, 20%-30% of them still had a recurrence and distant metastasis that seriously affected their quality of life (33–35). As common predictive indicators for UC, including tumor stage, grade and lymph node status, it is difficult to accurately predict the prognosis of patients before treatment alone (13). In recent years, researchers have developed nomograms to predict the survival outcomes in a variety of urinary cancer patients. Zhang et al. (36) developed a nomogram including the clinicopathological features, AGR, C-reactive protein/albumin ratio (CAR), and neutrophil-lymphocyte ratio (NLR) to predict OS and PFS after radical surgery for bladder cancer. Chen et al. used the data of T stage, AGR, NLR, and monocyte to lymphocyte ratio (MLR) to construct a nomogram and use it to evaluate the survival outcome of clear cell renal cell carcinoma (ccRCC) patients (37). Although the nomogram provides an accurate prediction, we need to incorporate multiple factors that will increase the financial burden of patients. Additionally, some pathological indicators need to be obtained by surgery, which will bring trauma to the patients. Therefore, identifying a noninvasive, inexpensive and easily accessible prognostic biomarker is of great significance in guiding the individual treatment of patients with UC.

Recently, studies have shown that AGR can be used as an economic and practical marker to evaluate the therapeutic effect and prognosis of different cancers (15–17, 38). Similarly, for UC patients, most studies identified that AGR before treatment was an independent prognostic factor in multivariate analysis (22–29, 31, 32, 39). However, the prognostic value of AGR remains controversial in some clinical studies (19, 30). Although the previous two meta-analyses reported that low AGR had poor survival (13, 40), the reliability of their research conclusions was insufficient because only two studies were included. Thus, it is necessary to use the published literatures to further clarify the value of pretreatment AGR in the clinical diagnosis and prognosis of patients with UC.

In the current study, we performed a meta-analysis on 12 articles involving 5,727 patients to explore the prognostic effect of AGR in UC patients. According to the pooled analysis results, this conclusion was in line with most of the included studies, which suggested that pretreatment AGR was an independent predictor of survival outcomes. With a decrease of AGR, patients with UC had worse OS, CSS and RFS outcomes. Subgroup analyses of OS and CSS by race, cancer type, cutoff, or sample size also showed that low AGR was significantly associated with poorer OS and CSS in all UC patients. However, for tumor stage, limited data was used to demonstrated that low AGR was an independent prognostic marker for patients with non-metastatic UC.

It is worth noting that sensitivity analysis confirmed that the pooled results were stable. However, from the Cochrane’s Q test and I2 test, we found that moderate to extreme inter-study heterogeneity for survival outcomes among the included studies. Hence, a random effects model was used to minimize the impact of heterogeneity on the overall effects. This discrepancy might be because the population of participants used for the study was limited to Asia. Moreover, there were different treatment regimens and subsequent treatment approaches.

Albumin and globulins are the two most abundant proteins in human blood plasma and can be easily and cost-effectively measured. As the major serum protein, albumin plays an vital role in carrying out antioxidant activities, maintaining colloidal osmotic pressure, binding and transporting hormones, cations and fatty acids, as well as in maintaining capillary membrane stability (41, 42). Similarly, the albumin level either reflects the body nutritional status or represents the systemic inflammation (43). Overall, the inflammatory response to cancer is strongly linked to its prognosis and can be used to predict the clinical course (44, 45). Inflammation plays a pivotal step in cancer occurrence and development. In an inflammatory environment, tumor cells release various inflammatory mediators, such as tumor necrosis factor (TNF), interleukin-1 and interleukin-6, and increase vascular permeability by damaging vascular endothelial cells. In contrast, malnutrition and inflammatory cytokines can inhibit the production of albumin, resulting in low serum albumin concentration, which could influence cell proliferation and weaken human immune defense mechanisms (33, 43). Globulin contains several immune-related proteins, such as C-reactive protein, complement components, fibrinogen and serum amyloid A, which are involved in regulating immunity and inflammation (27, 32). Chronic inflammation can affect not only the tumor growth but also angiogenesis and cancer migration (46). Previous studies have demonstrated that pre-treatment albumin and globulin are two potentially valuable elements related to the prognosis and can define the risk stratification of cancer patients (33, 47, 48).

Unfortunately, when albumin and globulin are used alone as an evaluation indices, unstable results may occur and easily interfered with external confounding factors. Consequently, we speculate that AGR combines two independent prognostic parameters, which have a higher predictive value than serum albumin or globulin levels alone. Several clinical trials have reported that AGR could be as a potential prognostic biomarker and that the decrease in AGR was correlates significantly with tumor stage and grade in different human cancers, including urinary system cancers (16, 31, 49, 50). Previous meta-analyses have also clarified the prognostic value of the AGR in various solid tumors. A meta-analysis conducted by Lv et al. (40) discovered that decreased AGR resulted in worse OS and PFS, and increased cancer recurrence or progression in many malignancies. In colorectal cancer, Ma et al. (51) provided evidence that low pretreatment AGR was related poor OS (HR=2.07, P < 0.01) and DFS/PFS (HR=2.10, P = 0.01), and advanced clinicopathological features, including age, tumor size, node metastasis stage, tumor depth. Additionally, many multicenter studies successively explored the correlation between the AGR and UC in recent years. A multicenter research team performed a retrospective study involving 2492 patients with non-metastatic UTUC receiving radical nephroureterectomy (RNU) and demonstrated that lower preoperative AGR is associated with locally advanced disease and worse clinical outcomes (31). In Pradere’s study of patients with UTUC undergoing neoadjuvant platin-based chemotherapy and RNU, the patients with a low pretreatment AGR had a markedly shorter OS and RFS than those with a high AGR group (19). In 2021, the finding of Taguchi and his colleagues proved that the AGR before treatment could assist in predicting the survival of UC patients treated with pembrolizumab (32). According to the current analysis, our results further revealed that low pretreatment AGR provides an accurate prognostic efficiency for OS, CSS, and RFS in UC patients. Therefore, we recommend that AGR could act as an efficient prognostic indicator for UC.

While our study contributes important evidence around the prognostic value of AGR, it has some limitations. Firstly, most of the included studies had a relatively small sample size. Secondly, since all studies were retrospective in design and most of the population came from Asia, the evidence obtained was limited. Thirdly, different treatment strategies may introduce bias in the results. Fourthly, the cutoff values of pretreatment AGR was inconsistent in different studies, which also led to bias in our results. Lastly, since other clinically relevant pathological data, such as tumor stage and grade were not available, further subgroup analysis could not be performed.



Conclusions

According to our analysis, this meta-analysis reveals that the pretreatment AGR is an independent prognostic indicator for patients with UC, especially for non-metastatic UC patients. Low AGR is related to worse OS, CSS and RFS. However, future studies with larger sample sizes and randomized controlled trials are needed to confirm this conclusion.
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