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Decrease of Preoperative Serum Albumin-to-Globulin Ratio as a Prognostic Indicator after Radical 
Cystectomy in Patients with Urothelial Bladder Cancer

Jeong Seok Oh1,2, Dong Jin Park1,4, Kyeong-Hyeon Byeon2, Yun-Sok Ha2,3, Tae-Hwan Kim2,3, Eun Sang Yoo1,3, 
Tae Gyun Kwon2,3, Hyun Tae Kim1,3*

Purpose: This study aims to evaluate whether preoperative serum albumin-to-globulin ratio (AGR) could predict 
the prognosis of patients with urothelial bladder cancer (UBC) after radical cystectomy (RC).

Materials and Methods: A total of 176 patients with UBC who underwent RC in a tertiary hospital between 2008 
and 2019 were retrospectively analyzed. The AGR was calculated as albumin/(total protein − albumin). In addi-
tion, the AGR was divided into two groups for the time-dependent receiver operating characteristic curve (ROC) 
analysis. Survival was estimated using the Kaplan–Meier analysis and compared using the log-rank test. Cox pro-
portional-hazards models were used for multivariate survival analysis.

Results: The best cutoff AGR value for metastasis prediction was 1.32 based on the ROC curve analysis. Patients 
who had lower pretreatment AGR (<1.32) values composed the low-AGR group (n = 57; 32.4%). On the other 
hand, the remaining patients (n = 119; 67.6%) composed the high-AGR group. The patients in the low-AGR group 
had more advanced stage tumors compared with the patients in the high-AGR group. The Kaplan–Meier curves 
revealed that the patients in the low-AGR group had significantly lower rates of metastasis-free survival (MFS) 
and cancer-specific survival (CSS). The multivariate Cox regression analysis showed that preoperative AGR was 
an independent prognostic factor for MFS and CSS.

Conclusion: In this single-institution retrospective study, lower preoperative AGR values demonstrated a poor 
prognostic effect on MFS and CSS in patients with UBC who underwent RC.
 

Keywords: cystectomy; prognosis; serum albumin; serum globulins; survival; urinary bladder neoplasms

INTRODUCTION

Bladder cancer (BC) is the tenth most frequent type 
of neoplasms globally, and Europe and North 

America have higher age-standardized incidence rates 
for BC(1). In the USA, BC is the sixth most frequent 
cancer and the seventh most frequent cause of cancer 
mortality(2). In Korea, the incidence rate of BC is low-
er than in the USA. However, the 5-year survival rates 
in the USA and Korea are similar (77% vs. 76.8%, re-
spectively)(2,3). Nearly 90% of BC cases are urothelial 
bladder cancer (UBC)(4). Radical cystectomy (RC) ac-
companied by extended pelvic lymph node dissection 
is the approved management for patients with mus-
cle-invasive BC (MIBC) and those at the highest risk 
for bacillus Calmette–Guérin unresponsive nonmuscle 
invasive BC(5,6). The 5-year relative survival rates of pa-
tients with regional and distant diseases are still lower 
than those with other genitourinary cancers despite the 
increase in the 5-year relative survival rate of BC from 
70% to 76.8% over the past 20 years(3). Recently, sev-
eral prognostic markers have been studied in patients 
with MIBC(7-10). However, no biological markers can be 
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recommended for routine clinical use to make clinical 
decisions for patients with MIBC(6,7). Factors, such as 
skeletal muscle index, require using a commercially 
available software by a subspecialty-trained urogenital 
radiologist to quantitatively calculate muscle areas(8). 
However, a preoperative routine laboratory blood test 
is one of the fastest, most convenient, and lowest-cost 
clinical investigations(9). To date, various preoperative 
laboratory tests have been studied to predict the prog-
nosis of patients with UBC who have undergone RC. 
Prognostic indicators, such as the De Ritis ratio, plate-
let-to-lymphocyte ratio (PLR), and neutrophil-to-lym-
phocyte ratio (NLR), have been reported to be able to 
predict the prognoses of patients with BC after RC(9,10).
Serum albumin is a biochemical marker for malnutri-
tion and has been associated with systemic inflamma-
tion(11,12). In addition, serum globulin has been related to 
cancer-related inflammation(13). The albumin-to-globu-
lin ratio (AGR), which is computed by albumin/(total 
protein − albumin), is a good indicator of the nutritional 
and systemic inflammatory state of patients because it 
combines these two states in a single measurement(14).
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To date, two retrospective studies conducted in China 
have evaluated the efficiency and efficacy of pretreat-
ment AGR as a prognostic factor in patients with BC af-
ter undergoing RC(15,16). These studies demonstrated in 
a multivariable analysis that AGR, pathological tumor 
stage, and lymph nodes metastasis were independent 
prognostic predictors(15,16). However, only a few studies 
have exhibited the prognostic predictive value of pre-
operative AGR in patients with BC in Korea. Thus, this 
retrospective study aims to evaluate the correlation be-
tween preoperative AGR and prognosis of patients with 
BC who underwent RC in Korea.

MATERIALS AND METHODS
Study population
The medical records of 183 patients with nonmetastatic 

UBC who underwent cystectomy at the authors’ hos-
pital (one institution) between August 2008 and May 
2019 were reviewed retrospectively. Patients who un-
derwent partial cystectomy (three), has a history of ra-
diation therapy of the pelvis (three), and has a history 
of combination surgery (one) were excluded. A total of 
176 patients were enrolled in this retrospective study. 
Of the patients, 146 (83.0%) underwent transurethral 
resections of the bladder tumors (TURBTs) before RC 
and 110 (62.5%) were diagnosed with MIBC before RC 
(Figure 1).
The institutional review board (IRB) of Kyungpook 
National University Chilgok Hospital, Daegu, Repub-
lic of Korea, approved the present trial (approval num-
ber: KNUMC 2020-04-037). The study was conducted 
in compliance with the relevant laws and regulations, 
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 Table 1. Patient demographics and preoperative characteristics.

Variablesa   Total (N = 176) Low-AGR group High-AGR group P value
      AGR < 1.32 (N = 57) AGR ≥ 1.32 (N = 119) 

Age, years   68.05 ± 8.96  69.32 ± 9.34  67.44 ± 8.75  .194
Sex (male/female)   151/25 (85.8/14.2) 48/9 (84.2/15.8) 103/16 (86.6/13.4) .677
BMI, kg/m²   23.01 ± 2.99  23.57 ± 3.24  22.75 ± 2.83  .090
Diversion type         .408
 Conduit   119 (67.6)  38 (66.7)  81 (68.1) 
 Neobladder   31 (17.6)  8 (14.0)  23 (19.3) 
PCN, ureterostomy   26 (14.8)  11 (19.3)  15 (12.6) 
 NAC   35 (19.9)  12 (21.1)  23 (19.3)  .788
 AC   58 (33.0)  18 (31.6)  40 (33.6)  .788
 MIBC   110 (62.5)  34 (59.6)  76 (63.9)  .589
Operation method         .503
 Open   68 (38.6)  20 (35.1)  48 (40.3) 
 Robot   108 (61.4)  37 (64.9)  71 (59.7) 
Total protein (g/L)    7.13 ± 0.60  7.39 ± 0.58  7.00 ± 0.57  < 0.001
Serum albumin (g/L)    4.14 ± 0.32  4.04 ± 0.30  4.19 ± 0.33  .005
AGR     1.41 ± 0.24  1.22 ± 0.11  1.50 ± 0.17  < 0.001

aValues are presented as mean ± standard deviation or number (%) unless otherwise indicated.
Abbreviations: AGR, albumin-to-globulin ratio; BMI, body mass index; PCN, percutaneous nephrostomy; NAC, neoadjuvant chemo-
therapy; AC, adjuvant chemotherapy; MIBC, muscle-invasive bladder cancer.

Figure 1. Flowchart of participants in the study.
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good clinical practices, and ethical principles described 
in the World Medical Association’s Declaration of Hel-
sinki. Requiring patients to provide informed consent 
was waived by the IRB because of the retrospective fea-
ture of the present study.
Inclusion and exclusion criteria
The current study included patients with MIBC with-
out distant metastases, recurred multifocal superficial 
refractory tumor, repeated TURBTs, and bacillus Cal-
mette–Guérin-resistant carcinomas in situ. In addition, 
the patients with a history of radiation therapy to the 
pelvis, clinical-stage M1, and history of combination 
surgery were excluded from the study. The 7th edition 
of the American Joint Committee on Cancer TNM stag-
ing system for BC was utilized in estimating the clini-
cal tumor stage(17). Histological grades were defined in 
accordance with the 2004 World Health Organization 
classification system(18).
Evaluations
Imaging investigation, histopathological analyses, and 
routine preoperative laboratory tests were performed 
before RC. The chest, abdominal, and pelvic computed 
tomography, and/or pelvic magnetic resonance imaging 
were performed to determine the clinical stage of the 
patients with BC. A bone scan was performed to eval-
uate bone metastasis. Laboratory tests for AGR were 
performed before neoadjuvant chemotherapy (NAC) 
for patients who underwent cisplatin-based NAC. Oth-
erwise, laboratory tests were performed within 1 month 
before RC.
RC was performed after completing these preoperative 

workups. The patients with pathological tumor stage 
> 3 and node-positive diseases who have a good per-
formance status underwent cisplatin-based adjuvant 
chemotherapy (AC) for at least four cycles. On the 
other hand, the patients with clinical tumor stage > 3 
and node-positive diseases (based on the imaging in-
vestigation) who have a good performance status un-
derwent cisplatin-based NAC for at least three cycles. 
Follow-up and management were performed for all the 
patients after RC according to published guidelines(19).

Statistical analysis
The time-dependent receiver operating characteristic 
(ROC) curve of the AGR for tumor metastasis was uti-
lized in computing the ideal cutoff level by using the 
R Package Survival ROC, version 4.0.3 (R Foundation 
for Statistical Computing, Vienna, Austria). Areas un-
der the curve were calculated for AGR. The best cutoff 
value was calculated to be 1.32 in the ROC curve at 12 
months based on the highest Youden Index score. The 
decision curve analysis was utilized in evaluating the 
effectiveness of their marker in a decision-making pro-
cess by using R package rmda, version 4.0.3 (R Foun-
dation for Statistical Computing, Vienna, Austria).
Consequently, the patients with AGR values ≥ 1.32 
composed the high-AGR group, while patients with 
AGR values < 1.32 composed the low-AGR group. 
The normal distribution of the continuous variables 
was evaluated by histogram and analytical methods 
(Kolmogorov–Smirnov and Shapiro–Wilk tests). Other 
continuous variables had normal distributions and were 
shown as mean ± standard deviation except for the fol-
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Table 2. Comparison of clinicopathological variables.

Variablesa  Total (N = 176) Low-AGR group High-AGR group  P value
     AGR < 1.32 (N = 57) AGR ≥ 1.32 (N = 119) 

Pathological
tumor stage         .080
 ≤T2  103 (58.5)  28 (49.1)  75 (63.0) 
 ≥T3  73 (41.5)  29 (50.9)  44 (37.0) 
Histological grade        .470
 Low  8 (4.5)  6 (5.9)  2 (2.7) 
 High  168 (95.5)  96 (94.1)  72 (97.3) 
Lymph nodes
Involvement  40 (22.7)  15 (26.3)  25 (21.0)  .432
LVI   35 (19.9)  12 (21.1)  23 (19.3)  .788
Follow-up periodb,
Months   32.4 (0.2–95.3) 32.6 (4.4–95.3) 32.2 (0.2–92.1) .794
Metastasis   52 (29.5)  27 (47.4)  25 (21.0)  < 0.001
Cancer-related mortality 41 (23.3)  22 (38.6)  19 (16.0)  .001

aValues are presented as mean ± standard deviation or number (%) unless otherwise indicated.
bValues are presented as median (range)
Abbreviations: AGR, albumin-to-globulin ratio; LVI, lymphovascular invasion.

Variables    HR 95% CI  P value

Age     0.993 0.959–1.028  .680
Sex (female vs. male)    0.978 0.413–2.325  .960
Pathological tumor stage (≤ T2 vs. ≥ T3)  2.254 1.178–4.312  .014
Lymph nodes involvement (no vs. yes)  1.899 0.966–3.734  .063
Histological grade (low vs. high)   0.532 0.155–1.820  .314
LVI (no vs. yes)    1.950 1.002–3.792  .049
AGR (< 1.32 vs. ≥ 1.32)   0.435 0.248–0.763  .004

Abbreviations: AGR, albumin-to-globulin ratio; CI, confidence interval; HR, hazard ratio; LVI, lymphovascular invasion.

 Table 3. Multivariable Cox regression analysis for metastasis.
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low-up period with non-normal distribution. Moreover, 
the follow-up period was shown as median (range). 
Student’s t-test for the continuous variables with nor-
mal distribution, Mann–Whitney test for the continu-
ous variable with non-normal distribution, and the chi-
squared test for the categorical variables were used to 
compare the clinicopathological features between the 
two groups. The Kaplan–Meier method was utilized to 
calculate the survival spreads including metastasis-free 
survival (MFS) and cancer-specific survival (CSS). A 
log-rank test was performed to compare survival dis-
tributions between the two groups. For MFS, the de-
pendent and independent variables were metastasis and 
the MFS period, respectively. For CSS, the dependent 
and independent variables were cancer-related mortal-
ity and the CSS period, respectively. The factors inde-
pendently related to MFS and CSS were estimated us-
ing a multivariate Cox proportional-hazards regression 
model with hazard ratios (HR) and 95% confidence 
intervals (CI) calculated for each factor. The same sta-
tistical analyses aforementioned were done for the sub-
group without NAC. All statistical analyses except for 
time-dependent ROC curves were performed using the 
Statistical Package for the Social Sciences, version 18.0 
(IBM, Chicago, IL, USA). P values < .05 were consid-
ered statistically significant.
 
RESULTS
A time-dependent ROC analysis for AGR was con-
ducted to evaluate the preoperative AGR for metastasis 
prediction. The areas under the curves for AGR at 12, 

18, and 24 months were 0.632, 0.596, and 0.608, re-
spectively (Figure 2). The best cutoff AGR value was 
determined to be 1.32 in the ROC curve at 12 months 
(Figure 3A). Moreover, the best cutoff AGR value was 
determined to be 1.32 in patients without NAC (Figure 
3B). The standardized net benefit of AGR was higher 
than that of albumin and globulin in the decision curve 
analysis for metastasis prediction (Figure 4).
The demographics and preoperative characteristics of 
the patients in the two groups are shown in Table 1. 
The mean age of all the patients was 68.05 ± 8.96 years. 
The mean body mass index (BMI) was 23.01 ± 2.99 
kg/m2. The mean age and BMI were not statistically 
different between the two groups. Among the patients, 
14.2% were females. Of the patients, 62.5%, 19.9%, 
and 33.0% were diagnosed with MIBC before RC, 
underwent NAC, and patients underwent AC, respec-
tively. The ratio of females, diversion type, operation 
methods, MIBC, NAC, and AC were not significantly 
different between the two groups. The mean total pro-
tein, mean serum albumin, and mean AGR were 7.13 ± 
0.60, 4.14 ± 0.32, and 1.41 ± 0.24 g/L, respectively. The 
mean total protein in the low-AGR group was signifi-
cantly higher than that in the high-AGR group (7.39 ± 
0.58 vs. 7.00 ± 0.57; P < .001). On the other hand, the 
mean serum albumin (4.04 ± 0.30 vs. 4.19 ± 0.33; P = 
.005) and mean AGR (1.22 ± 0.11 vs. 1.50 ± 0.17; P < 
0.001) were significantly lower in the low-AGR group 
than those in the high-AGR group.
A comparison of the clinicopathological characteris-
tics of the patients between the two groups is shown in 

 Table 4. Multivariable Cox regression analysis for cancer-specific mortality.

Variables    HR 95% CI  P value

Age     0.993 0.956–1.031  .705
Gender (female vs. male)   0.988 0.380–2.569  .980
Pathological tumor stage (≤ T2 vs. ≥ T3)  3.349 1.640–6.839  .001
Lymph node involvement (no vs. yes)  1.060 0.503–2.232  .878
Histological grade (low vs. high)   0.973 0.126–7.494  .920
LVI (no vs. yes)    2.660 1.297–5.457  .008
AGR (< 1.32 vs. ≥ 1.32)   0.488 0.257–0.924  .028

Abbreviations: AGR, albumin-to-globulin ratio; CI, confidence interval; HR, hazard ratio; LVI, lymphovascular invasion.

Figure 2. Time-dependent ROC curves of preoperative AGR according to times from RC for metastasis.
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Table 2. The mean follow-up period in this study was 
32.4 months (range, 0.2–95.3 months). The histological 
subtype (low vs. high grade), lymphovascular invasion 
(LVI), and pathological tumor stages between the two 
groups were not statistically different. Metastasis rates 
were significantly higher in the low-AGR group than 
in the high-AGR group (47.4% vs. 21.0%; P < .001). 
In addition, cancer-related mortality rates were signif-
icantly higher in the low-AGR group than in the high-
AGR group (38.6% vs. 16.0%; P = .001). 
The Kaplan–Meier curve analysis demonstrated that the 
patients in the low-AGR group had significantly lower 
rates of MFS than those in the high-AGR group (52.6% 
vs. 79.0%; P = .001; Figure 5A) and lower rates of CSS 
compared with the high-AGR group (61.0% vs. 84.0%; 
P = .003; Figure 5B). NMIBC has a higher survival 
rate than MIBC, so an additional analysis was done 
only for patients with MIBC. For patients with MIBC, 
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the Kaplan-Meier curves were utilized to calculate MFS 
and CSS. MFS was significantly different between the 
two groups (44.7% vs. 70.1%; P = .015) (Figure 6A). 
The CSS in the low-AGR group was lower than that 
in the high-AGR group, but not statistically significant 
(53.8% vs. 74.8%; P = .053) (Figure 6B).
The multivariate analysis for metastasis is shown in 
Table 3. The pathological tumor stage ≥ T3 (HR = 
2.254; 95% CI = 1.178–4.312; P = .014), LVI (HR = 
1.950; 95% CI = 1.002–3.792; P = .049), and AGR ≥ 
1.32 (HR = 0.435; 95% CI = 0.248–0.763; P = .004) 
were shown to be independent predictive prognostic 
factors for metastasis. Table 4 shows the multivariate 
analysis for cancer-related mortality. Consequently, the 
pathological tumor stage ≥ T3 (HR = 3.349; 95% CI 
= 1.640–6.839; P = .001), LVI (HR = 2.600; 95% CI 
= 1.297–5.457; P = 0.008), and AGR ≥ 1.32 (HR = 
0.488; 95% CI = 0.257–0.924; P = .028) were shown 

Figure 3. The best cutoff value of AGR was calculated with time-dependent ROC curves for metastasis at 12 months in the study popu-
lation (A) and patients without NAC (B).

Figure 4. Decision curve analysis for AGR, albumin, and globulin predicting metastasis.
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to be independent predictive factors for cancer-related 
mortality.

DISCUSSION
This retrospective study showed that preoperative AGR 
can be valuable as a predictive factor in estimating CSS 
and MFS in patients with UBC who have undergone 
RC. This study is one of the first studies conducted in 
Korea to assess the efficiency and accuracy of preopera-
tive AGR as a predictive prognostic factor in estimating 
MFS and CSS in patients with UBC who have under-
gone RC although some retrospective studies previous-
ly demonstrated that preoperative AGR is related to the 
prognosis after RC of patients with UBC in China(15,16).
It is generally accepted that inflammation is related to 
cancer(20). Cancer-related inflammation, which consists 
of local immune and systemic inflammatory respons-
es, is common in advanced cancer and is associated 
with shorter overall survival (OS)(13,21,22). Variable bi-

omarkers from laboratory tests were studied (includ-
ing C-reactive protein, albumin, Glasgow prognostic 
score (GPS), modified GPS, PLR, NLR, and lympho-
cyte-to-monocyte ratio) to estimate cancer-related sys-
temic inflammation(23).
Serum albumin, a component of systemic inflammation, 
has several crucial physiological functions, including 
maintaining colloidal osmotic pressure, binding charged 
compounds, and doing antioxidant activities(13,24). De-
creased serum albumin and increased serum globulin 
level is associated with cancer-related systemic inflam-
mation and tumor progression(12,13). AGR is a factor that 
reflects both low albumin level and high globulin level 
in cancer-related systemic inflammation(14).
Several studies have examined the efficiency and ac-
curacy of preoperative AGR as a predictive prognostic 
factor for diverse human cancers in the past 10 years(25). 
In a healthy screening population, low AGR is a risk 
factor for the occurrence of malignancies and malig-
nancy-related mortality in the short- and long-term 

Figure 5. The Kaplan–Meier curves showing MFS (A) and CSS (B) between low- and high-AGR groups.

Figure 6. The Kaplan–Meier curves showing MFS (A) and CSS (B) between low- and high-AGR groups in patients with MIBC.
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periods(26). A meta-analysis of preoperative AGR and 
human cancers reported that low preoperative AGR 
values are related to poor OS, progression-free survival 
(PFS), and disease-free survival in patients with malig-
nancies(25).
To date, two retrospective AGR studies in China have 
been conducted involving patients with BC who under-
went RC(15,16). Liu et al.(15) carried out a retrospective 
study involving 296 patients with UBC who underwent 
RC. They determined the cutoff value of AGR as 1.6 
and reported that high-AGR values are a strong inde-
pendent predictive factor of long-term recurrence-free 
survival and CSS in patients with UBC undergoing RC. 
Moreover, Liu et al.(16) reported a retrospective cohort 
study involving 189 patients with primary high-grade 
UBC using a propensity score-matched analysis and de-
termined that the cutoff value of AGR was 1.55. Their 
study demonstrated that preoperative AGR, age (≥ 60 
years), before and after propensity score-matched anal-
ysis, the pathological tumor stage, and lymph nodes 
metastasis were independent components in predicting 
PFS, CSS, and OS in multivariate Cox regression anal-
yses.
This study was a retrospective study involving 176 pa-
tients with UBC who underwent RC. In contrast to the 
previous two studies, this study included patients with 
clinical T3 or T4 who received NAC. The cutoff value 
for AGR in the current study was defined to be 1.32, 
which is lower than those in other studies. The ratio of 
pathologic tumor stage ≥ T3 (41.5% vs. 34.4%–36.5%)
(15,16) and the ratio of the histological high-grade tu-
mor (95.5% vs. 74.7%) were higher compared with 
other studies(15). Considering that cancer progression is 
related to local and systemic inflammatory responses, 
these differences may be the reason why the cutoff value 
for AGR in this study is lower than other studies(15,16,20). 
Moreover, the study population included NAC patients 
with clinical tumor stages 3–4 and node-positive dis-
ease. The downstaging effect of NAC was not affected 
in these patients because preoperative laboratory tests 
were performed before NAC(27). These points may also 
be the reason why the cutoff value for AGR is lower 
than in other studies.
The pathological tumor stage, LVI, and AGR were 
independent predictive prognostic factors in the mul-
tivariate Cox regression analyses for metastasis and 
cancer-specific mortality. Moreover, a meta-analysis 
demonstrated that LVI is a significant component in 
predicting cancer recurrence and cancer-specific mor-
tality in patients with BC(28).
Among the three studies that investigated the asso-
ciation between AGR and UBC, one study(15) did not 
include LVI as a variable. In another study(16), LVI 
was not an independent factor for CSS, PFS, and OS 
in multivariate Cox regression analysis. In this study, 
the difference in LVI (in percent) between the low- 
and high-AGR groups was smaller than that of another 
study (18.1% vs. 19.8% and 36.4% vs. 20.3%, respec-
tively)(16). In contrast to these two studies, the involve-
ment of the lymph nodes was not an independent fac-
tor for metastasis and cancer-specific mortality in this 
study. The ratio of the involvement of the lymph nodes 
was higher in the low-AGR group in these two studies 
(31.8% vs. 9.9% and 21.8% vs. 11.4%; respectively)
(15,16). However, the difference in the involvement of the 
lymph nodes between the two groups in this study was 

smaller than that of the other studies (26.3% vs. 21.0%). 
Patients with clinical tumor stages of 3 or 4 and lymph 
node-positive diseases in this study received neoadju-
vant cisplatin-based chemotherapy. NAC decreases re-
sidual cancer burden in patients with advanced UBC(29). 
Nearly half of the patients with UBC treated with RC 
achieved pathological downstaging through NAC(27). 
Therefore, NAC may be the cause of the lower differ-
ences in the involvement of the lymph nodes and LVI 
between the two groups in this study.
This study evaluated AGR as a prognostic factor for 
recurrence and survival in BC in Korea and included 
patients who underwent NAC (< 20%). However, this 
study had some limitations, including its retrospective 
study design and the shortest follow-up period (32 
months) among the three studies investigating the as-
sociation between UBC and AGR. These limitations 
could affect subsequent results. Furthermore, other 
prognostic factors from routine preoperative laboratory 
testing were not included. Finally, the single-institution-
al database of this study did not contain data from other 
institutions. This could lead to imperfect reflections of 
the whole population of patients with UBC treated with 
RC in Korea. Therefore, a larger-scale, multi-institu-
tional, and prospective study is required to provide a 
better conclusion.

CONCLUSIONS
AGR, which is an easily accessible and inexpensive 
marker, is an important predictive factor in patients 
with UBC treated with RC. The pathological tumor 
stage, metastasis, and cancer-specific mortality were 
significantly correlated with low AGR values. Low 
AGR values showed a poor prognostic effect on CSS 
and MFS in patients who underwent RC for the treat-
ment of UBC. Preoperative AGR is a readily accessible 
and inexpensive prognostic marker that can be utilized 
to predict outcomes in patients with UBC treated with 
RC.
 
ACKNOWLEDGMENT
This research was supported by Kyungpook National 
University Research Fund 2018.
The authors would like to thank Enago (www.enago.
co.kr) for the English language review.

CONFLICT OF INTEREST
None declared.

REFERENCES
 1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, 

Torre LA, Jemal A. Global cancer statistics 
2018: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin. 2018;68:394-
424.

 2. Siegel RL, Miller KD, Jemal A. Cancer 
statistics, 2020. CA Cancer J Clin. 2020;70:7-
30.

 3. Hong S, Won YJ, Park YR, Jung KW, Kong 
HJ, Lee ES. Cancer statistics in Korea: 
Incidence, mortality, survival, and prevalence 
in 2017. Cancer Res Treat. 2020;52:335-50.

 4. Reuter VE. The pathology of bladder cancer. 
Urology. 2006;67:11-7.

Albumin-to-globulin ratio and bladder cancer - Oh et al.

Urological Oncology  72



Vol 18 No 1  January-February 2021   73

 5. Babjuk M, Burger M, Comperat EM, et al. 
European association of urology guidelines 
on non-muscle-invasive bladder cancer (TaT1 
and carcinoma in situ)-2019 update. Eur Urol. 
2019;76:639-57.

 6. Witjes JA, Babjuk M, Bellmunt J, et al. 
EAU-ESMO consensus statements on 
the management of advanced and variant 
bladder cancer-An international collaborative 
multistakeholder effort(dagger): Under the 
Auspices of the EAU-ESMO Guidelines 
Committees. Eur Urol. 2020;77:223-50.

 7. Ha YS. Developing biomarkers and new 
therapeutic targets in muscle invasive bladder 
cancer. Korean J Urol Oncol. 2020;18:1-10.

 8. Ha YS, Kim SW, Kwon TG, Chung SK, 
Yoo ES. Decrease in skeletal muscle index 1 
year after radical cystectomy as a prognostic 
indicator in patients with urothelial bladder 
cancer. Int Braz J Urol. 2019;45:686-94.

 9. Zhang J, Zhou X, Ding H, et al. The prognostic 
value of routine preoperative blood parameters 
in muscle-invasive bladder cancer. BMC Urol. 
2020;20:31.

 10. Ha YS, Kim SW, Chun SY, et al. 
Association between De Ritis ratio (aspartate 
aminotransferase/alanine aminotransferase) 
and oncological outcomes in bladder cancer 
patients after radical cystectomy. BMC Urol. 
2019;19:10.

 11. Zhang Z, Pereira SL, Luo M, Matheson EM. 
Evaluation of blood biomarkers associated 
with risk of malnutrition in older adults: 
A systematic review and meta-analysis. 
Nutrients. 2017;9:E829.

 12. Soeters PB, Wolfe RR, Shenkin A. 
Hypoalbuminemia: Pathogenesis and clinical 
significance. JPEN J Parenter Enteral Nutr. 
2019;43:181-93.

 13. Diakos CI, Charles KA, McMillan DC, Clarke 
SJ. Cancer-related inflammation and treatment 
effectiveness. Lancet Oncol. 2014;15:e493-
503.

 14. Chen Z, Shao Y, Yao H, et al. Preoperative 
albumin to globulin ratio predicts survival 
in clear cell renal cell carcinoma patients. 
Oncotarget. 2017;8:48291-302.

 15. Liu J, Dai Y, Zhou F, et al. The prognostic role 
of preoperative serum albumin/globulin ratio 
in patients with bladder urothelial carcinoma 
undergoing radical cystectomy. Urol Oncol. 
2016;34:484.e1-.e8.

 16. Liu Z, Huang H, Li S, et al. The prognostic 
value of preoperative serum albumin-globulin 
ratio for high-grade bladder urothelial 
carcinoma treated with radical cystectomy: A 
propensity score-matched analysis. J Cancer 
Res Ther. 2017;13:837-43.

 17. Edge SB, Compton CC. The American Joint 
Committee on Cancer: the 7th edition of the 
AJCC cancer staging manual and the future of 
TNM. Ann Surg Oncol. 2010;17:1471-4.

 18. Lopez-Beltran A, Bassi PF, Pavone-Macaluso 
M, Montironi R. Handling and pathology 
reporting of specimens with carcinoma of 
the urinary bladder, ureter, and renal pelvis. 

A joint proposal of the European Society of 
Uropathology and the Uropathology Working 
Group. Virchows Arch. 2004;445:103-10.

 19. Vrooman OP, Witjes JA. Follow-up of patients 
after curative bladder cancer treatment: 
guidelines vs. practice. Curr Opin Urol. 
2010;20:437-42.

 20. Mantovani A, Allavena P, Sica A, Balkwill 
F. Cancer-related inflammation. Nature. 
2008;454:436-44.

 21. Guthrie GJ, Charles KA, Roxburgh CS, Horgan 
PG, McMillan DC, Clarke SJ. The systemic 
inflammation-based neutrophil-lymphocyte 
ratio: experience in patients with cancer. Crit 
Rev Oncol Hematol. 2013;88:218-30.

 22. McMillan DC. The systemic inflammation-
based Glasgow Prognostic Score: a decade 
of experience in patients with cancer. Cancer 
Treat Rev. 2013;39:534-40.

 23. Shinko D, Diakos CI, Clarke SJ, Charles KA. 
Cancer-related systemic inflammation: The 
challenges and therapeutic opportunities for 
personalized medicine. Clin Pharmacol Ther. 
2017;102:599-610.

 24. Levitt DG, Levitt MD. Human serum 
albumin homeostasis: a new look at the 
roles of synthesis, catabolism, renal and 
gastrointestinal excretion, and the clinical 
value of serum albumin measurements. Int J 
Gen Med. 2016;9:229-55.

 25. Lv GY, An L, Sun XD, Hu YL, Sun DW. 
Pretreatment albumin to globulin ratio can 
serve as a prognostic marker in human 
cancers: a meta-analysis. Clin Chim Acta. 
2018;476:81-91.

 26. Suh B, Park S, Shin DW, et al. Low albumin-
to-globulin ratio associated with cancer 
incidence and mortality in generally healthy 
adults. Ann Oncol. 2014;25:2260-6.

 27. Choueiri TK, Jacobus S, Bellmunt J, et 
al. Neoadjuvant dose-dense methotrexate, 
vinblastine, doxorubicin, and cisplatin with 
pegfilgrastim support in muscle-invasive 
urothelial cancer: pathologic, radiologic, 
and biomarker correlates. J Clin Oncol. 
2014;32:1889-94.

 28. Mari A, Kimura S, Foerster B, et al. A 
systematic review and meta-analysis of 
lymphovascular invasion in patients treated 
with radical cystectomy for bladder cancer. 
Urol Oncol. 2018;36:293-305.

 29. Ha YS, Kim TH, Kim TH. Chemotherapy in 
advanced urothelial carcinoma. Korean J Urol 
Oncol. 2016;14:47-53.

Albumin-to-globulin ratio and bladder cancer - Oh et al.


