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ABSTRACT
Objective: The concentration of albumin and globulin in the body can serve as indicators of 
both nutritional status and inflammation. The predictive significance of the albumin-to- 
globulin ratio (AGR) has been documented in multiple cancer types. Consequently, a meta- 
analysis was conducted in order to investigate the prognostic impact of AGR on survival 
outcomes among individuals diagnosed with renal cell carcinoma (RCC).
Methods: A systematic search was conducted across four electronic databases to identify 
pertinent studies that evaluated the predictive significance of pre-treatment albumin-to- 
globulin ratio (AGR) in patients with renal cell carcinoma (RCC). The main outcome of interest 
in this study was overall survival (OS), whereas additional outcomes included cancer-specific 
survival (CSS), progression-free survival (PFS), and disease-free survival (DFS). The researchers 
utilized random-effect models to summarize the time-to-event outcomes, presenting the 
results as adjusted hazard ratios (aHR) along with their corresponding 95% confidence intervals 
(CI).
Results: A total of 5,732 RCC patients in eight studies were included. Cut-off for AGR value 
varies among studies, with AGR higher than 1.1–1.47 regarded as normal. Pooled analysis from 
these studies showed that low AGR value was associated with shorter OS (aHR 1.84 (95% CI 
1.35–2.51), p = 0.0001) and CSS (aHR 1.91 (95% CI 1.15–3.16), p = 0.01).
Conclusions: This study suggests the role of AGR in predicting the OS and CSS of RCC. AGR 
values can be used in the risk stratification of patients with RCC, where a low AGR value 
indicates poorer prognosis.
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Introduction

Renal cell carcinoma (RCC) is a neoplastic condition 
that arises from the epithelial cells lining the renal 
tubules. It represents the predominant form of kidney 
malignancies, constituting nearly 90% of all cases. 
Consequently, it is regarded as the most prevalent 
solid lesion observed in the renal organ. The develop-
ment of this particular malignancy mainly occurs in 
individuals aged 40 to 70, with a male-to-female ratio 
of 1.5–2 to 1 [1,2]. Over the past two decades, there has 
been a consistent annual rise of 2% in the global 
incidence of RCC according to the GLOBOCAN 2018 
data [3]. As the seventh most prevalent form of cancer 
in developed countries, it is estimated that around 403 
thousand patients each year are diagnosed with kid-
ney cancer. Moreover, the mortality rate associated 
with this disease surpasses 175,000 deaths annually 
[4]. This observation suggests that there exists 
a considerable burden associated with RCC.

The current body of academic literature has demon-
strated that there exists a correlation between the 
development, growth, and metastasis of tumors and 
systemic inflammation, which is defined by an 

elevation in inflammatory cells, acute-phase proteins, 
and pro-inflammatory cytokines [5]. In addition to 
inflammation, nutritional factors also contribute to 
the progression of cancer, since malnutrition, anorexia, 
and cachexia have been linked to worse outcomes and 
increased mortality rates [6,7]. Albumin and globulin 
are the primary plasma proteins that have the ability to 
concurrently indicate both nutritional status and 
inflammation [8]. The albumin-to-globulin ratio (AGR) 
that is derived by dividing the albumin concentration 
by the difference between the total protein and glo-
bulin concentrations may effectively describe the 
patient’s inflammatory and nutritional status [8]. 
Multiple meta-analysis studies have demonstrated 
a correlation between low AGR levels and unfavorable 
outcomes in terms of overall survival (OS) and disease- 
free survival (DFS) across a range of cancer types, 
including lung [9], gastric [10], colorectal [11], and 
head and neck malignancies [12].

The prognostic significance of AGR in renal cell 
carcinoma (RCC) has been examined in multiple stu-
dies [13,14]. Unfortunately, the results of these inqui-
ries demonstrate inconsistent findings [13,14]. An 
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investigation conducted by Chen Z et al. [13] demon-
strated that lower values of the AGR were indepen-
dently linked to poorer overall survival (OS) and 
cancer-specific survival (CSS). In contrast, a separate 
investigation conducted by Koparal MY et al. [14] 
yielded inconclusive results regarding the correlation 
between low AGR and unfavorable OS in the multi-
variable analysis. Hence, it is imperative to conduct 
a comprehensive review and meta-analysis in order 
to address these existing gaps in the research. The 
objective of our study is to conduct a comprehensive 
analysis of the predictive capacity of AGR in determin-
ing the prognosis of RCC.

Materials and methods

Eligibility criteria

This is a systematic review and meta-analysis of obser-
vational studies, registered on PROSPERO database 
(registration number CRD42022365915). The publica-
tions were deemed eligible for inclusion in this study if 
they met the predetermined criteria for inclusion, 
which are outlined as follows: (1) studies’ population 
were patients diagnosed with renal cell carcinoma in 
any grade or any histopathological results; (2) having 
the laboratory data of serum albumin–globulin ratio 
(AGR) which were taken during the day of hospital 
admission; (3) reporting the primary outcome: overall 
survival (OS), with/without secondary outcomes as fol-
lows: cancer-specific survival (CSS), progression-free 
survival (PFS), and disease-free survival (DFS); (4) all of 
the data for the outcomes of interest were reported in 
adjusted hazard ratio (aHR), given that HR values 
reported has already been adjusted for statistically 
significant baseline characteristics; (5) studies with 
observational design, specifically cohort or case- 
control; (6) the articles are accessible in their full-text 
form. Articles will be omitted from the study if they 
meet any of the exclusion criteria: (1) scholarly papers 
with a specific focus on the pediatric population; (2) 
articles focusing on urothelial carcinoma in general/ 
mixed populations; (3) articles that have been reported 
in languages other than English; (4) articles besides 
observational studies (randomized or non- 
randomized clinical trials, case-series, case-report, 
cross-sectional studies); (5) study that has not been 
published or abstract; and (6) non-primary research.

Search strategy and study selection

A systematic search of databases was conducted to 
identify papers that met the criteria of being written 
in English. The search was performed across four data-
bases, namely PubMed, Science Direct, Scopus, and 
Cochrane Library. The search strategy employed on 
each database is adjusted accordingly, but always 

include the following terms: ‘(albumin OR globulin 
OR albumin-globulin ratio OR AGR) AND (renal cell 
carcinoma OR RCC OR kidney cancer OR kidney ade-
nocarcinoma OR renal cancer)’. The search was con-
ducted until 8 October 2022, to identify relevant 
papers. The first stage involved the selection of accep-
table publications by conducting a thorough screening 
of titles and abstracts, which was carried out by two 
reviewers. Further assessment of the citations from the 
identified suitable research was undertaken in order to 
identify other potential articles. The removal of dupli-
cate items was carried out. In the last stage, two 
reviewers conducted an independent screening of 
the full-text articles. Any differences that arose were 
resolved by discussion between the reviewers. The 
study utilized the PRISMA guidelines [15].

Data extraction and quality assessment

The data extraction was undertaken by two writers. 
The development of an extraction form aimed to com-
pile pertinent details on the study, including the 
names of the authors, the year of the study, the study 
design, the sample size, type of intervention, histo-
pathological type, tumor stage, Fuhrman grade, AGR 
cut-off value, age, gender, as well as the findings of 
interest.

Two writers independently assessed the methodo-
logical quality of the studies that were included. The 
assessment of the quality of each observational study 
included in this analysis was conducted using the 
Newcastle-Ottawa Scale (NOS). The assessment proce-
dure encompassed an evaluation of the comparability, 
selection, and outcome of each study, followed by the 
assignment of a numerical score ranging from 0 to 9 
for each individual research endeavor. Research is con-
sidered to be of high quality if it has a score of 7 or 
higher [16].

Statistical analysis

The meta-analysis was conducted utilizing the Review 
Manager 5.4 software, developed by the Cochrane 
Collaboration. The study utilized the Generic Inverse- 
Variance formula to combine the adjusted hazard ratio 
(aHR) and its corresponding 95% confidence interval 
(95% CI) for all outcomes, regardless of heterogeneity, 
by employing random-effect models. The assessment 
of heterogeneity among papers in this meta-analysis 
was conducted using I-squared (I2), also known as 
Inconsistency. The I2 statistic is commonly used to 
assess the degree of heterogeneity in a meta-analysis. 
A number below 25% is generally regarded as indica-
tive of a low degree of heterogeneity, while a range of 
26–50% suggests a moderate degree of heterogeneity. 
Conversely, a value beyond 50% is typically thought to 
indicate a high degree of heterogeneity [17]. The 
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evaluation of publication bias using a funnel plot was 
deemed appropriate when the meta-analysis involved 
the pooling of more than 10 studies [18]. Sensitivity 
analysis is later conducted to evaluate the influence of 
studies on the overall result of the forest plot using 
STATA 27 (StataCorp).

Results

Study selection and characteristics

The initial search of the database resulted in a total of 
501 research articles. After screening the titles and 
abstracts and removing duplicate entries, a total of 
24 papers were deemed appropriate for further analy-
sis. Out of the studies that met the eligibility criteria, 
a total of 16 papers were subsequently discarded fol-
lowing a comprehensive evaluation of their full-text 
content. Nine articles were not done specifically in 
renal cell carcinoma populations (consisting of mixed 
populations), five articles were review articles, two 
articles did not have data on the outcome of interest, 
thus resulting in the final number of eight observa-
tional studies [13,14,19–24], which included a total of 
5,732 renal cell carcinoma patients for the analysis 
(Figure 1). All of the included studies have retrospec-
tive cohort design. Sample sizes ranged from 162 to 
2,970. The majority of the samples in the included 
studies have undergone surgical procedures in the 
form of radical nephrectomy or partial nephrectomy 
as intervention for their renal cell carcinoma [21–27]. 
The dominant histopathological type of renal cell car-
cinoma in all of the included studies was clear cell 

carcinoma, followed by chromophobe carcinoma, 
papillary carcinoma, multilocular carcinoma, and onco-
cytoma. The TNM stage, Fuhrman grade, and AGR cut- 
off values were varied among the included studies and 
can be seen in detail in Table 1.

Quality of study assessment

All of the cohort studies included in this study were 
deemed to possess high quality based on the assess-
ment scale of the Newcastle Ottawa Scale (NOS). All 
studies were considered appropriate for inclusion in 
the meta-analysis. A summary evaluation of the risk of 
bias is displayed in Table 2.

Primary outcome

Overall survival (OS)
Eight studies reported on the overall survival outcome. 
Our pooled analysis of adjusted hazard ratio (aHR) from 
included studies showed that low albumin–globulin 
ratio (AGR) was significantly associated with shorter 
overall survival (OS) among renal cell carcinoma 
patients when compared with high AGR, and therefore 
can be used as independent predictor of poor OS [aHR 
1.84 (95% CI 1.35–2.51), p = 0.0001, I2 = 84%, random- 
effect modelling] (Figure 2(a)).

Secondary outcome

Cancer-specific survival (CSS)
Three studies reported on the cancer-specific survival 
outcome. Our pooled analysis of adjusted hazard ratio 

Figure 1. PRISMA diagram of the detailed process of selection of studies for inclusion in the systematic review and meta-analysis.
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(aHR) from included studies showed that low albumin– 
globulin ratio (AGR) was significantly associated with 
shorter cancer-specific survival (CSS) among renal cell 
carcinoma patients when compared with high AGR, 
therefore can also be used as independent predictor of 
poor CSS [aHR 1.91 (95% CI 1.15–3.16), p = 0.01, I2 = 93%, 
random-effect modelling] (Figure 2(b)).

Progression-free survival (PFS)
Only one study [19] reported on the progression-free 
survival outcome. That corresponding study has indi-
cated that low AGR was significantly associated with 
shorter PFS when compared with high AGR [aHR 1.83 
(95% CI 1.27–2.65), p = 0.001].

Disease-free survival (DFS)
Only one study [14] reported on the disease-free 
survival (DFS) outcome. That corresponding study 
has indicated that AGR value was not significantly 

associated with DFS [aHR 2.34 (95% CI 0.36–15.10), 
p = 0.372].

Publication bias

The reliability of detecting publication bias using either 
funnel plots or statistical tests is compromised when the 
number of studies is less than 10, in comparison to cases 
when there are more than 10 studies included [18,25]. 
Since the number of papers included in each outcome of 
interest was less than 10, the test for publication bias was 
not conducted in this analysis. However, funnel plot ana-
lysis was still conducted as shown in Figure 3. Comparison 
of the precision from the included study showed 
a symmetrical pattern from funnel plot analysis for both 
OS and CSS, suggesting low publication bias. A sensitivity 
was then shown in Figure 4 using leave-one-out plot. As 
shown in Figure 4(a), studies included in OS analysis were 
equally influential to the meta-analysis in general, with 
only one study by Chen et al.. (2017) having a higher 

Table 2. Newcastle-Ottawa quality assessment of observational studies.
First author, year Study design Selectiona Comparabilityb Outcomec Total score Result

Aktepe OH et al. [19] 2021 Cohort *** ** ** 7 Good
Chen Z et al. [13] 2017 Cohort *** ** ** 7 Good
ChungJW et al. [20] 2020 Cohort *** ** *** 8 Good
He X et al. [21] 2017 Cohort *** ** *** 8 Good
Hu J et al. [22] 2022 Cohort *** ** *** 8 Good
Koparal MY et al. [14] 2018 Cohort *** ** *** 8 Good
Laukhtina E et al. [23] 2021 Cohort *** ** *** 8 Good
Mao W et al. [24] 2021 Cohort *** ** ** 7 Good

a(1) representativeness of the exposed cohort; (2) selection of the non-exposed cohort; (3) ascertainment of exposure; (4) demonstration that outcome of interest 
was not present at start of study. 

b(1) comparability of cohorts on the basis of design or analysis (maximum two stars). 
c(1) assessment of outcome; (2) was follow-up long enough for outcomes to occur; (3) adequacy of follow up of cohorts.

Figure 2. Forest plot demonstrating the adjusted hazard ratio for low albumin–globulin ratio (AGR) vs high AGR for predicting the 
overall survival (OS) (a), and cancer-specific survival (CSS) (b) outcomes..
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influence in increasing the hazard ratio relative to the rest 
of the studies. Similarly, sensitivity analysis of CSS showed 
that the study by Chen et al.. (2017) has a higher influence 
on the study compared to the rest.

Discussion

This study presents the results of a systematic review 
and meta-analysis encompassing a total of eight 
research articles. The findings of this study provide 
evidence supporting the prognostic value of the albu-
min–globulin ratio (AGR) in predicting unfavorable 

outcomes among individuals diagnosed with renal 
cell carcinoma (RCC). Specifically, there is 
a substantial correlation between a low AGR score 
and decreased overall survival (OS), cancer-specific 
survival (CSS), and progression-free survival (PFS) in 
RCC. Meanwhile, the relationship between AGR and 
disease-free survival (DFS) yields inconclusive results.

Albumin is a protein synthesized by the liver and 
constitutes the primary protein component of 
plasma, accounting for approximately 55–60% of 
the total plasma proteins [26]. Albumin serves sev-
eral important roles in the body, including the 

Figure 3. Funnel plot for the adjusted hazard ratio for low albumin-globulin ratio (AGR) vs high AGR for predicting the overall 
survival (OS) (a), and cancer-specific survival (CSS) (b) outcomes.

Figure 4. Sensitivity analysis using leave-one-out plot of included studies in predicting the overall survival (OS) (a), and cancer- 
specific survival (CSS) (b) outcomes.
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maintenance of capillary oncotic pressure, the 
removal of free radicals from the bloodstream, the 
inhibition of systemic inflammatory reactions, and 
its utility as an indicator of nutritional status [26]. 
Malnutrition is frequently observed in individuals 
diagnosed with cancer, a condition that can esca-
late to cachexia and subsequently expedite the 
advancement of the disease [27,28]. The state of 
malnutrition leads to a reduction in protein reserves 
and a decrease in the synthesis of albumin, result-
ing in the development of hypoalbuminemia 
[27,28]. In addition, it is important to note that 
within the context of cancer, there exists an inflam-
matory state that arises not only from the presence 
of tumor cells but also as a result of tissue remo-
delling and angiogenesis [29,30]. Consequently, 
there is a notable elevation in the concentrations 
of pro-inflammatory cytokines, including tumor 
necrosis factor (TNF), interleukin (IL)-1, IL-6, IL-8, 
and vascular endothelial growth factor (VEGF) 
[29,30]. This upregulation of cytokines serves to 
facilitate the progression of tumor development 
and the spread of cancer cells to distant sites in 
the body [29,30]. Hence, the growth of tumors 
towards malignancy is known to facilitate the 
occurrence of malnutrition and exacerbate inflam-
mation, and vice versa [29,30]. In the context of 
inflammatory conditions, it has been observed that 
there is a notable elevation in the permeability of 
capillaries [28]. This increased permeability leads to 
the leakage of albumin from the vascular system 
into the interstitial space, thereby resulting in 
a state of hypoalbuminemia [28]. Furthermore, the 
existence of pro-inflammatory cytokines, particularly 
TNF, IL-1, and IL-6, may disrupt the process of 
albumin synthesis in the liver, hence potentially 
inducing hypoalbuminemia [31].

Meanwhile, globulin has a crucial function in mod-
ulating the immune system and regulating inflamma-
tory processes within the human body [32,33]. The 
globulin component of albumin-to-globulin ratio 
(AGR) comprises a range of proinflammatory proteins, 
including immunoglobulins, C-reactive protein (CRP), 
complement components, α-2 macroglobulin, fibrino-
gen, prothrombin, and serum amyloid A (SAA) [32,33]. 
Hyperglobulinemia can arise in patients with signifi-
cant hepatic dysfunction due to poor clearance of 
immunoglobulins, which are largely metabolized in 
the liver [34]. Elevated levels of this globulin may also 
serve as an indicator for the existence of acute or 
chronic inflammatory conditions [32,33]. Given the 
provided explanation, it is reasonable to assert that 
the incorporation of albumin and globulin compo-
nents in the AGR renders it a dependable prognostic 
indicator for cancer, particularly renal cell carcinoma 
(RCC). However, the underlying mechanism between 
both albumin and globulin with tumor aggressiveness 

remains unclear as there has been no previous study 
on biomechanical function.

The present investigation is not devoid of limita-
tions. The analysis observed significant heterogeneity 
in the outcome of interest, which is likely attributable 
to variations in the type, stage, and management of 
renal cell carcinoma (RCC) across the included stu-
dies. Furthermore, the studies included in the analy-
sis employed varying thresholds to classify 
individuals as having low or high AGR, as there are 
currently no universally accepted or international 
consensus criteria for establishing the cut-off point 
of AGR in relation to cancer. In addition, a significant 
proportion of the studies used in the analysis exhibit 
limited sample sizes, namely including fewer than 
500 individuals. Finally, our analysis is based on 
a retrospective cohort study, which is susceptible to 
the influence of information and selection bias, and 
therefore must be interpreted with care. Further vali-
dation of the findings from our investigation neces-
sitates the execution of large, multicenter, 
prospective observational studies.

Conclusions

The findings from our systematic review and meta- 
analysis suggest a potential role for AGR in predicting 
the prognosis of patients with RCC. Those patients 
diagnosed with RCC with low AGR values may be at 
a higher risk of worse survival and disease progression, 
as indicated by shorter OS and CSS. Additional studies 
on PFS are required to establish how it is affected by 
low AGR values. The use of AGR in these patients may 
help in the stratification of patients to identify high-risk 
individuals so that an effective therapeutic approach 
can be made.
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