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Introduction. To investigate the correlation between preoperative De Ritis ratio (aspartate transaminase (AST)/alanine
transaminase (ALT)) and postoperative outcome in patients with urothelial cell carcinoma (UC) treated with radical cystectomy.
Materials and Methods. We analyzed the clinical and pathological data of 771 patients who underwent radical cystectomy for
bladder UC. Patients were divided into two groups according to the optimal value of AST/ALT ratio. The effect of the AST/ALT
ratio was analyzed using the Kaplan–Meier method and Cox regression hazard models for patients’ cancer-specific survival
(CSS), overall survival (OS), and recurrence-free survival (RFS). In addition, propensity score matching of 1 : 1 was performed
between the two groups. Results. Median follow-up was 84.0 (36–275) months. Mean age was 64 8 ± 10 0 years. According to
the receiver operating characteristic (ROC) analysis, the optimal threshold of the AST/ALT ratio was 1.1. In Kaplan–Meier
analyses, the high AST/ALT group showed worse outcomes in CSS and OS (all P < 0 001). Also, RFS (P = 0 001) in the Cox
regression models of clinical and pathological parameters was used to predict CSS, OS, and AST/ALT ratio (HR 2.15, 95% CI
1.23-3.73, P = 0 007) and pathological T stage (HR 4.80, 95% CI 1.19-19.28, P = 0 003). To predict OS and AST/ALT ratio (HR
2.05, 95% CI 1.65–2.56, P < 0 001), pathological T stage (HR 2.96, 95% CI 0.57–17.09, P = 0 037) and positive lymph node (HR
1.71, 95% CI 1.50–1.91, P = 0 021) were determined as independent prognostic factors. Conclusion. Preoperative AST/ALT ratio
could be an independent prognostic factor in patients with UC treated with radical cystectomy.

1. Introduction

Bladder cancer is a common cancer in the urinary tract
[1] and is the ninth most common cancer worldwide [2].
The most common histopathological type of bladder can-
cer is urothelial cell carcinoma (UC). In bladder UC diag-
nosis, 75% of cases are diagnosed as nonmuscle invasive
bladder cancer (NMIBC) and 25% are diagnosed as mus-
cle invasive bladder cancer (MIBC) at the time of diagno-
sis [3–5]. Radical cystectomy is the standard treatment for

the highest risk of NMIBC progression and high-risk
NMIBC intolerant to intravesical treatment and localized
or regionally advanced MIBC [4–6]. However, even if rad-
ical cystectomy is performed, the prognosis is poor. Recur-
rence occurs in more than 30% of patients after radical
cystectomy [7], and bladder cancer is the 13th most com-
mon cause of cancer deaths [2].

Various biomarkers have been discussed for early diag-
nosis and prognosis prediction of bladder cancer [8, 9], such
as nuclear matrix protein 22, bladder tumor antigen, soluble
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FAS, fibroblast growth factor receptor 3, methylation bio-
markers, and cytokeratin 20 [8]. In addition, there are several
mRNA-based biomarker tests such as Cxbladder monitor,
XPERT BC, and bladder cancer test [9].

Alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) are well-known liver enzymes found in
the heart, skeletal muscle, brain, kidney, and red blood
cells, in addition to the liver. Because of this characteristic,
they are also used as an indicator of other diseases [10, 11].
These enzymes are used as biomarkers that can predict
prognosis in several malignancies such as lung, colorectal,
pancreas, breast, and kidney [12–16]. Serum ratios of AST
and ALT as well as AST and ALT have also been reported
to play a role as biomarkers. De Ritis first reported on the
serum activity ratio of AST and ALT as an assessment tool
for disease in viral hepatitis studies [17]. AST/ALT ratio has
also been reported in recent years as a biomarker that can
predict prognosis in renal cell carcinoma [18]. It was
reported that AST/ALT might be associated with anaerobic
glycolysis [19]. This glucose metabolism was also reported
to be associated with urothelial carcinoma (UC), and the
association of AST/ALT ratio with the prognosis was
reported in upper tract urothelial carcinoma (UTUC) [20].
Therefore, the aim of this study was to evaluate the prognos-
tic value of AST/ALT in UC of the bladder in patients with
radical cystectomy.

2. Materials and Methods

2.1. Study Sample. We retrospectively reviewed the medical
records of patients who underwent radical cystectomy for
bladder urothelial cell cancer at Seoul National University
Hospital from 1991 to 2015. T2-T4 or intravesical bacillus
Calmette-Guerin (BCG) intolerance T1 high-grade. All
patients underwent radical cystectomy with pelvic lymph
node dissection. Patients with a short follow-up period of less
than 2 years were excluded. Patients with preoperative liver
disease, infection, leukocytosis, inflammatory condition,
and muscle-related disease were excluded. Six hundred and
seventy-one patients were included. The study was approved
by the institutional ethical review board (approval code: H-
1903-133-1020), and the study protocol and all related con-
tent adhered to the guidelines of the Helsinki declaration.

2.2. Study Design. Patients were divided into two groups
according to the optimal value of the AST/ALT ratio. The
optimal value of the AST/ALT ratio was obtained using the
receiver operating characteristic (ROC) curve with the
highest sensitivity and specificity. The optimum value of
AST/ALT thus obtained was 1.1. Patients were divided into
two groups based on AST/ALT 1.1. Clinical and pathological
information and prognosis of the two groups were compared.
In addition, 1 : 1 propensity matching was performed to
compensate for the difference between age, sex, BMI, ASA,
neoadjuvant chemotherapy, operative type, and diversion
type. The patient’s clinical and pathological information
was reviewed. Clinical and pathological information included
age, gender, body mass index (BMI), American Society of
Anesthesiologists (ASA) physical status, operative method,

urinary diversion type, pathological tumor/lymph nodes/me-
tastasis (TNM) staging, presence of margin positive, carci-
noma in situ, lymphovascular invasion (LVI), number of
removed lymph nodes, number of positive lymph nodes,
neoadjuvant and adjuvant chemotherapy, and adjuvant
radiotherapy. Oncologic outcomes data were also collected
for recurrence, mortality, and mortality due to cancer.

All patients were admitted to the hospital 2 days before
surgery to undergo a 2-day bowel preparation. A preopera-
tive laboratory blood test was performed at admission. Post-
operative follow-up was performed according to our hospital
protocol as follows. Follow-up was performed every 3
months until 3 years after radical cystectomy, every 6 months
for 5 years postoperative, and every year after the first 5 years
postoperative. Routine laboratory tests, urine cytology, urine
analysis, and cystoscopy were performed at each follow-up
after radical cystectomy. In addition, ultrasonography blad-
der scans for a postvoid urine check were performed at each
follow-up in neobladder patients. Computed tomography
(CT) and bone scans were performed every year [21].

2.3. Statistical Analysis. The analysis of the continuous vari-
ables was expressed as a median value and interquartile range
(IQR) or mean value and standard deviation (SD) using
descriptive statistics. The analysis of nominal variables is
expressed as probability (%) using crossover analysis. The
primary endpoint was overall survival (OS), and the second-
ary endpoints were recurrence-free survival (RFS) and
cancer-specific survival (CSS). All oncologic outcomes were
analyzed using Kaplan–Meier survival analysis and logrank
test. Various factors affecting oncologic outcome were ana-
lyzed using Cox proportional hazard regression analysis.
Additionally, 1 : 1 propensity score matching was performed
and perioperative conditions were matched using nonparsi-
monious multivariate logistic regression. The perioperative
conditions included age, gender, BMI, ASA physical status,
operation type, diversion type, tumor size, and neoadjuvant
chemotherapy. Pathological stage and grade, surgical margin
positivity, LVI, carcinoma in situ (CIS), number of removed
lymph nodes, number of positive lymph nodes, adjuvant che-
motherapy, and radiotherapy were excluded from propensity
matching because these variables cannot be used to deter-
mine the preoperative condition. A total of 305 patients with
high AST/ALT ratios were matched in a 1 : 1 ratio to 466
patients with low AST/ALT ratios using the nearest neighbor
method with 0.02 calibration. The propensity score matching
was well calibrated and differentiated in most items with a
standardized mean difference of less than 0.05.

All statistical tests were performed using IBM SPSS Sta-
tistics, version 22.0 (IBM, Armonk, NY, USA), and a P value
of <0.05 was considered to indicate statistical significance.

3. Results

3.1. Clinical and Pathological Characteristics of Patients. A
total of 771 patients diagnosed with UC in the bladder
who underwent radical cystectomy were included. The
median follow-up was 84 months (IQR 36–275). Of the total
patients, 84.5% were men and the mean age was 64.8 years
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Table 1: Clinicopathological characteristics of patients before and after propensity score matching.

Variables
Before propensity score matching After propensity score matching

Low AST/ALT
(N = 466)

High AST/ALT
(N = 305) P value

Low AST/ALT
(N = 305)

High AST/ALT
(N = 305) P value

Mean age (year) 62 9 ± 9 9 67 2 ± 10 0 <0.001 64 6 ± 8 8 67 2 ± 10 0 0.001

Gender <0.001 <0.001
Female 45 (9.6%) 74 (24.3%) 31 (10.2%) 74 (24.3%)

Male 421 (90.4%) 231 (75.7%) 274 (89.8%) 231 (75.7%)

BMI (kg/m2) 23 7 ± 3 8 22 2 ± 2 9 <0.001 23 0 ± 2 7 22 2 ± 2 9 0.067

ASA 0.373 0.714

1 172 (36.9%) 103 (33.7%) 110 (36.0%) 103 (33.7%)

2 275 (59.0%) 182 (59.7%) 180 (59.0%) 182 (59.7%)

≥3 19 (4.1%) 20 (6.6%) 15 (4.9%) 20 (6.6%)

Operative type 0.218 0.273

Open 424 (91.0%) 285 (93.5%) 295 (93.4%) 285 (93.5%)

Laparoscopic 24 (5.2%) 16 (5.2%) 11 (3.6%) 16 (5.2%)

Robot 18 (3.8%) 4 (1.3%) 9 (3.0%) 4 (1.3%)

Diversion type 0.052 0.168

Conduit 253 (54.3%) 194 (63.6%) 209 (68.5%) 194 (63.6%)

Neobladder 213 (45.7%) 111 (36.4%) 96 (31.5%) 111 (36.4%)

Tumor grade 0.396 0.569

Low 12 (2.6%) 11 (3.6%) 10 (3.3%) 11 (3.6%)

High 454 (97.4%) 294 (96.4%) 295 (96.7%) 294 (96.4%)

Tumor size (cm) 2 4 ± 3 0 3 3 ± 3 2 0.017 1 2 ± 2 4 3 3 ± 3 2 0.058

Pathological T stage 0.002 0.112

T1 73 (15.7%) 57 (18.7%) 53 (17.4%) 57 (18.7%)

T2 264 (56.7%) 122 (40.0%) 156 (51.0%) 122 (40.1%)

T3 106 (22.7%) 104 (34.1%) 80 (26.2%) 104 (34.1%)

T4 23 (4.9%) 22 (7.2%) 16 (5.2%) 22 (7.2%)

Margin positive 7 (1.5%) 15 (4.9%) 0.036 5 (1.6%) 15 (4.9%) 0.041

LVI 129 (27.6%) 106 (34.8%) 0.055 90 (29.5%) 106 (34.8%) 0.193

CIS 155 (33.3%) 97 (31.8%) 0.735 97 (31.8%) 97 (31.8%) 1.000

Pathological N stage 0.455 0.544

N0 382 (82.0%) 240 (78.7%) 252 (82.6%) 240 (78.7%)

N1 34 (7.3%) 20 (6.6%) 20 (6.6%) 20 (6.6%)

N2 42 (9.0%) 38 (12.5%) 28 (9.2%) 38 (12.5%)

N3 8 (1.7%) 7 (2.3%) 5 (1.6%) 7 (2.3%)

Removed LN 18 9 ± 11 7 16 9 ± 10 9 0.018 17 1 ± 11 5 16 9 ± 10 9 0.158

Positive LN 0 7 ± 2 5 1 0 ± 3 0 0.199 0 6 ± 2 3 1 0 ± 3 0 0.146

Pathological M stage 0.749 0.966

M0 462 (99.2%) 304 (99.7%) 363 (99.2%) 304 (99.7%)

M1 4 (0.8%) 1 (0.3%) 2 (0.7%) 1 (0.3%)

NACH 64 (13.7%) 39 (12.8%) 0.827 40 (13.1%) 39 (12.8%) 0.976

ACH 99 (21.2%) 74 (24.3%) 0.414 65 (21.3%) 74 (24.3%) 0.440

ART 4 (0.8%) 3 (1.0%) 0.986 3 (1.0%) 3 (1.0%) 1.000

Recurrence rate 139 (29.8%) 115 (37.7%) 0.037 89 (29.2%) 115 (37.7%) 0.032

Mortality 141 (30.3%) 140 (45.9%) <0.001 96 (31.5%) 140 (45.9%) <0.001
Cancer-caused mortality 88 (18.9%) 96 (31.5%) <0.001 59 (19.3%) 96 (31.5%) 0.001

AST/ALT ratio 0 9 ± 0 2 1 7 ± 1 6 <0.001 0 9 ± 0 2 1 7 ± 1 6 <0.001
ASA: American Society of Anesthesiologists; BMI: body mass index; NACH: neoadjuvant chemotherapy; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; LVI: lymphovascular invasion; CIS: carcinoma in situ; LN: lymph node; NACH: neoadjuvant chemotherapy; ACH: adjuvant
chemotherapy; ART: adjuvant radiotherapy.
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(SD ± 10 2). Most patients (91.9%) received open radical
cystectomy. Table 1 shows the clinical and pathological
characteristics of the patients. Patients were divided into
two groups based on an AST/ALT ratio of 1 : 1. The mean
age of the high AST/ALT group was significantly higher
than that of the low AST/ALT group (P < 0 001). In addi-
tion, the tumor size was larger (P = 0 017) in the high
AST/ALT group. In the pathological T stage, T2 was rela-
tively low in the AST/ALT group, while T3 and T4 were high
in the AST/ALT group. In the pathological T stage, T2 was
relatively higher in the low AST/ALT group. However, T3
and T4 were higher in the high AST/ALT group (P = 0 002).
The surgical margin positive rate was higher in the high
AST/ALT group (P = 0 036), and the number of removed
lymph nodes was higher in the low AST/ALT group
(P = 0 018). The recurrence rate in the high AST/ALT group
was higher than that in the low AST/ALT group (P = 0 037).
Overall, bladder cancer-caused mortality was also higher in
the high AST/ALT group than in the low AST/ALT group
(P < 0 001). After the propensity score matching, 1 : 1 match-
ing was performed for age, gender, BMI, ASA physical sta-
tus, operation type, diversion type, tumor size, removed
lymph node, and neoadjuvant chemotherapy. The propen-
sity score matching was 1 : 1 matched for age, gender, BMI,
ASA physical status, operation type, diversion type, tumor
size, and neoadjuvant chemotherapy. The propensity score
matching was well calibrated and differentiated in most items.
However, the mean age and gender were not well matched
because of the limited number of populations.

3.2. Correlation between Serum Preoperative AST/ALT Ratio
and Oncologic and Survival Outcomes before Propensity Score
Matching. The overall mortality rate was significantly higher
(45.9%) in the high AST/ALT group (P < 0 001) than in the
low AST/ALT group (30.3%). The cancer-causing mortality
rate and recurrence rate were also significantly higher in the
high AST/ALT group (P < 0 001 and P = 0 037, respectively)
(Table 1). Kaplan–Meier analysis shows that the low
AST/ALT group has a better prognosis for OS (P < 0 001),
CSS (P < 0 001), and RFS (P = 0 001) than the high AST/ALT
group (Figures 1(a)–1(c)). The multivariate Cox analysis
showed that a high preoperative AST/ALT ratio was a signif-
icant independent predictor of poor prognosis such as OS
(HR 2.05, 95% CI 1.65-2.56, P = 0 007) and CSS (HR 1.32,
95% CI 0.69-2.56, P < 0 001) (Table 2). In addition, the
tumor size, high tumor grade, and pathological T and N
stages are associated with poor prognosis (Table 2).

3.3. After Propensity Score Matching. The overall mortality
rate was significantly higher (45.9%) in the high AST/ALT
group (P < 0 001) than in the low AST/ALT group
(31.5%). The cancer-causing mortality rate and recurrence
rate were also significantly higher in the high AST/ALT
group (P = 0 001 and P < 0 001, respectively) (Table 1).
Kaplan–Meier analysis shows that the low AST/ALT group
has a better prognosis for OS (P < 0 001), CSS (P < 0 001),
and RFS (P = 0 001) than the high AST/ALT group
(Figures 1(d)–1(f)). The multivariate Cox analysis showed
that a high preoperative AST/ALT ratio was a significant

independent predictor of poor prognosis such as OS (HR
1.57, 95% CI 1.20-2.06, P = 0 001), CSS (HR 1.76, 95% CI
1.26-2.48, P = 0 001), and RFS (HR 1.53, 95% CI 1.15-2.05,
P = 0 004) (Table 3). In addition, the tumor size, high tumor
grade, and pathological T, N, and M stages are also associ-
ated with poor prognosis. The NACH was associated with
good prognosis (Table 3).

4. Discussion

In our present study, patients with high AST/ALT ratio
showed significant association with poor prognosis in clinical
outcomes. We analyzed patients who underwent radical
cystectomy for MIBC or high-risk bladder cancer intolerant
to intravesical BCG treatment. The number of patients was
617 in 24 years. The cohort was relatively large, and the
follow-up period was relatively long. We performed a 1 : 1
propensity matching of preoperative factors, except for the
AST/ALT ratio to compensate for the bias due to preopera-
tive factors. Due to the limited number of patients, one-to-
many propensity matching could not be performed. Propen-
sity matching was not satisfactory, but preoperative factors
except mean age and gender matched. Increased AST/ALT
ratio before radical cystectomy is a negatively prognostic fac-
tor. Preoperative high AST/ALT group has a poor prognosis
for OS (P < 0 001), CSS (P < 0 001), and RFS (P = 0 004)
than the low AST/ALT group. And preoperative AST/ALT
ratio is a significant prognostic factor of postoperative onco-
logic outcomes. The matched results also show that a preop-
erative high AST/ALT ratio is negatively correlated with
survival outcomes such as OS (HR 1.57, 95% CI 1.20–2.06,
P = 0 001), CSS (HR 1.76, 95% CI 1.26–2.48, P = 0 001),
and RFS (HR 1.53, 95% CI 1.15–2.05, P = 0 004).

AST/ALT ratio has been reported as a predictor of prog-
nosis in lung cancer, colorectal cancer, pancreatic cancer,
breast cancer, and kidney cancer [12–16]. Rawson and Peto
conducted a retrospective analysis of 3873 patients with small
cell lung cancer. The AST and AST/ALT ratios were consid-
ered to be important prognostic indexes [15]. Stoken et al.
analyzed the prognostic factors of pancreatic cancer in 653
patients and reported the effect of AST as a prognostic factor
[16]. Bezan et al. analyzed 698 patients retrospectively. They
reported that the AST/ALT ratio is an independent prognos-
tic factor related to poor prognosis of metastasis-free survival
(HR 1.61, 95% CI 1.25-2.07, P < 0 001) and OS (HR 1.76,
95% CI 1.34-2.32, P < 0 001) in patients with nonmetastatic
renal cell carcinoma [18]. Lee et al. analyzed retrospectively
2965 patients with nonmetastatic renal cell carcinoma
(RCC). The AST/ALT ratio of 1 : 2 or more was the predictor
of poor prognosis of disease progression (HR 1.37, 95% CI
1.00–1.88, P = 0 048), overall mortality (HR 1.56, 95% CI
1.07–2.27, P = 0 021), and cancer-specific mortality (HR
1.97, 95% CI 1.25–3.12, P = 0 004) [22]. In Chougule’s study,
92 neck cancer patients without liver metastases and 71 uter-
ine cervix cancer patients had increased AST and ALT values
from 133% to 229% of normal value, which decreased to a
normal level after radiotherapy [23]. In the O’Reilly et al.
study of 312 breast cancer patients, 84% of the patients had
biochemical abnormalities in AST, and the elevation levels
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Figure 1: Kaplan–Meier survival curves of overall survival, cancer-specific survival, and recurrence-free survival according to the
preoperative aspartate transaminase (AST)/alanine transaminase (ALT) ratio before (a–c) and after (d–f) propensity score matching.
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of AST were associated with an important association of
survival (P < 0 001) [24]. In the case of UC, Lee et al. retro-
spectively analyzed 623 UTUC patients who underwent
nephroureterectomy [20]. Elevated preoperative AST/ALT
is a poor prognostic factor for the postoperative survival out-
come of UTUC. The postoperative survival outcomes were
PFS (HR 2.33, 95% CI 1.63-3.34, P < 0 001), CSS (HR 2.55,
CI 1.69-3.85; P < 0 001), and OS (HR 2.07, 95% CI 1.41-
3.03, P < 0 001). Gorgel et al. retrospectively analyzed 153
patients who underwent radical cystectomy [25]. The preop-
erative AST/ALT ratio was a significant prognostic factor for
OS (HR 2.61, 95% CI 1.49-4.56, P < 0 001) and disease-free
survival (HR 5.79, 95% CI 2.25-15.13, P < 0 001). Pathologi-
cal T stage and age were correlated with prognosis. In addi-
tion, the AST/ALT ratio cutoff value was 1.3. In our study,
the size of the tumor, neoadjuvant chemotherapy, and type
of diversion were correlated with prognosis. The AST/ALT
ratio cutoff value was 1.1. Ha et al. retrospectively analyzed

118 patients who underwent radical cystectomy. A high
AST/ALT ratio was a poor prognostic factor for metastasis-
free survival (HR 2.39, 95% CI 1.16-4.91, P = 0 018), CSS
(HR 2.75, 95% CI 1.21-6.25, P = 0 015), and OS (HR 2.76,
95% CI 1.26-6.07, P = 0 011). The AST/ALT ratio cutoff
value was 1.3 [26].

Several hypotheses have been presented to explain the
association of the AST/ALT ratio with cancer. The most
well-known of these hypotheses is the “Warburg effect.” In
cancer cell metabolism, glucose uptake and anaerobic glycol-
ysis are increased for the ATP production of adenosine tri-
phosphatase (ATP) [27]. Cancer cells produce sufficient
ATP through glycolysis metabolism, thereby promoting the
multiplying of cancer cells. In addition, increased glycolysis
reduces pH and increases lactate secretion. Reduced pH
affects the tumor microenvironment and has a favorable
effect on cancer progression, metastasis, and local invasion
[28, 29]. Also, increased lactate has been suggested to play

Table 2: Multivariate Cox proportional hazards analyses of AST/ALT ratio on overall survival, cancer-specific survival, and recurrence-
free survival.

Variables
Overall survival Cancer-specific survival Recurrence-free survival

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age 1.03 (1.00-1.01) 0.032 1.05 (1.01-1.09) 0.022 1.01 (0.97-1.04) 0.633

BMI 0.92 (0.84-1.01) 0.099 0.92 (0.84-1.02) 0.103 1.06 (1.00-1.13) 0.043

Tumor size 1.16 (1.09-1.24) <0.001 1.16 (1.09-1.24) <0.001 1.13 (1.07-1.20) <0.001
High tumor grade 1.58 (1.10-2.28) 0.013 1.65 (1.09-2.49) 0.017 1.30 (0.90-1.88) 0.159

≥pT2 stage 3.30 (1.18-9.21) 0.022 5.78 (2.51-13.35) <0.001 5.14 (2.05-12.90) <0.001
≥N1 stage 1.37 (1.06-1.77) 0.014 1.35 (1.05-1.74) 0.018 1.54 (1.20-1.97) <0.001
≥M1 stage 1.68 (0.23-11.99) 0.605 3.89 (0.45-33.90) 0.219 1.73 (0.22-13.58) 0.604

NACH 1.21 (0.60-2.42) 0.594 1.33 (0.63-2.78) 0.191 1.86 (0.80-4.26) 0.142

AST/ALT ratio

AST/ALT ≤1.1 Reference Reference Reference

AST/ALT >1.1 2.15 (1.23-3.73) 0.007 2.05 (1.65-2.56) <0.001 1.32 (0.69-2.56) 0.087

BMI: body mass index; NACH: neoadjuvant chemotherapy; ALT: alanine aminotransferase; AST: aspartate aminotransferase.

Table 3: Multivariate Cox proportional hazards analyses of AST/ALT ratio on overall survival, cancer-specific survival, and recurrence-free
survival after propensity score matching.

Variables
Overall survival Cancer-specific survival Recurrence-free survival

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age 1.03 (1.01-1.04) <0.001 1.02 (0.99-1.03) 0.092 1.00 (0.99-1.02) 0.876

BMI 0.92 (0.87-0.96) <0.001 0.94 (0.88-0.99) 0.034 0.97 (0.92-1.02) 0.299

Tumor size 1.09 (1.05-1.15) <0.001 1.11 (1.05-1.17) <0.001 1.09 (1.04-1.14) 0.001

High tumor grade 1.51 (1.04-2.18) 0.018 1.70 (1.13-2.55) 0.010 1.37 (0.95-1.98) 0.093

≥pT2 stage 5.36 (2.12-13.51) <0.001 6.99 (3.00-16.28) <0.001 13.47 (4.25-42.65) <0.001
≥N1 stage 1.36 (1.05-1.75) 0.018 1.35 (1.05-1.74) 0.018 1.60 (1.25-2.06) 0.002

≥M1 stage 1.27 (0.74-2.18) 0.394 1.71 (0.98-3.00) 0.060 2.10 (1.23-3.60) 0.007

NACH 0.51 (0.35-0.75) 0.001 0.45 (0.29-0.69) <0.001 0.47 (0.32-0.67) <0.001
AST/ALT ratio

AST/ALT ≤1.1 Reference Reference Reference Reference Reference Reference

AST/ALT >1.1 1.57 (1.20-2.06) 0.001 1.76 (1.26-2.48) 0.001 1.53 (1.15-2.05) 0.004

BMI: body mass index; NACH: neoadjuvant chemotherapy; ALT: alanine aminotransferase; AST: aspartate aminotransferase.
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an important role in maintaining glycolysis, affecting the lac-
tate dehydrogenase and nicotinamide adenine dinucleotide
(NADH)/NAD+ ratio, and affecting the glucose transporter
[30]. The AST plays an important role in glycolysis by relo-
cating NADH to mitochondria.

UC is known to be associated with glucose metabolism
[31, 32]. In addition, Whyard et al. reported fluorescence
microscopy to show the difference in glucose consumption
between urothelium and malignant urothelial cells [32]
Therefore, although AST and ALT are associated with UC,
the mechanism of the association between the UC and
AST/ALT ratios is still unclear and further research is
needed.

The present study has several limitations. Retrospective
research design can have an inherent bias. In addition, the
undetectable illness, the condition of the patient, and
medications currently taken by the patient may have
affected AST and ALT. Finally, our target population was
confined to Korean patients and could therefore not reflect
the differences among patients according to race. Further
research and prospective studies are needed to verify our
results.

5. Conclusions

Increased AST/ALT ratio before radical cystectomy is a neg-
atively prognostic factor that has a significant effect on the
postoperative survival of bladder UC patients. Additional
prospective studies are needed to identify the specific mech-
anisms for bladder UC and AST/ALT ratio.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Disclosure

No funders had any role in the study concept and design,
experiments, analysis of data, or decision for publication or
in writing the manuscript.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This study was supported by the National Research Founda-
tion of Korea (NRF) grant funded by the Korea government
(MOE) (Grant number: 2016R1A2B4011623).

References

[1] L. A. Torre, F. Bray, R. L. Siegel, J. Ferlay, J. Lortet-Tieulent,
and A. Jemal, “Global cancer statistics, 2012,” CA: a Cancer
Journal for Clinicians, vol. 65, no. 2, pp. 87–108, 2015.

[2] J. Ferlay, I. Soerjomataram, R. Dikshit et al., “Cancer incidence
andmortality worldwide: sources, methods andmajor patterns

in GLOBOCAN 2012,” International Journal of Cancer,
vol. 136, no. 5, pp. E359–E386, 2015.

[3] M. Babjuk, A. Böhle, M. Burger et al., “EAU guidelines on non-
muscle-invasive urothelial carcinoma of the bladder: update
2016,” European Urology, vol. 71, no. 3, pp. 447–461, 2017.

[4] A. M. Kamat, J. A. Witjes, M. Brausi et al., “Defining and treat-
ing the spectrum of intermediate risk nonmuscle invasive
bladder cancer,” The Journal of Urology, vol. 192, no. 2,
pp. 305–315, 2014.

[5] R. J. Sylvester, A. P. M. van der Meijden, W. Oosterlinck et al.,
“Predicting recurrence and progression in individual patients
with stage Ta T1 bladder cancer using EORTC risk tables: a
combined analysis of 2596 patients from seven EORTC trials,”
European Urology, vol. 49, no. 3, pp. 466–477, 2006.

[6] G. Poli, G. Cochetti, A. Boni, M. G. Egidi, S. Brancorsini, and
E. Mearini, “Characterization of inflammasome-related genes
in urine sediments of patients receiving intravesical BCG ther-
apy,” Urologic Oncology, vol. 35, no. 12, pp. 674.e19–674.e24,
2017.

[7] J. P. Stein, G. Lieskovsky, R. Cote et al., “Radical cystectomy in
the treatment of invasive bladder cancer: long-term results in
1,054 patients,” Journal of Clinical Oncology, vol. 19, no. 3,
pp. 666–675, 2001.

[8] G. Poli, S. Brancorsini, G. Cochetti, F. Barillaro, M. G. Egidi,
and E. Mearini, “Expression of inflammasome-related genes
in bladder cancer and their association with cytokeratin 20
messenger RNA,” Urologic Oncology, vol. 33, no. 12,
pp. 505.e1–505.e7, 2015.

[9] F. Soria, M. J. Droller, Y. Lotan et al., “An up-to-date catalog of
available urinary biomarkers for the surveillance of non-
muscle invasive bladder cancer,” World Journal of Urology,
vol. 36, no. 12, pp. 1981–1995, 2018.

[10] A. Carobene, F. Braga, T. Roraas, S. Sandberg, and W. A. Bart-
lett, “A systematic review of data on biological variation for
alanine aminotransferase, aspartate aminotransferase and γ-
glutamyl transferase,” Clinical Chemistry and Laboratory Med-
icine, vol. 51, no. 10, pp. 1997–2007, 2013.

[11] A. Karmen, F. Wroblewski, and J. S. Ladue, “Transaminase
activity in human blood,” The Journal of Clinical Investigation,
vol. 34, no. 1, pp. 126–133, 1955.

[12] M. Botros and K. A. Sikaris, “The De Ritis ratio: the test of
time,” Clinical Biochemist Reviews, vol. 34, no. 3, pp. 117–
130, 2013.

[13] T. Kiba, T. Ito, T. Nakashima et al., “Bortezomib and dexa-
methasone for multiple myeloma: higher AST and LDH levels
associated with a worse prognosis on overall survival,” BMC
Cancer, vol. 14, no. 1, p. 462, 2014.

[14] G. Lindmark, B. Gerdin, L. Påhlman, R. Bergström, and
B. Glimelius, “Prognostic predictors in colorectal cancer,” Dis-
eases of the Colon and Rectum, vol. 37, no. 12, pp. 1219–1227,
1994.

[15] A report from the Subcommittee for the Management of Lung
Cancer of the United Kingdom Coordinating Committee on
Cancer Research, N. S. B. Rawson, and J. Peto, “An overview
of prognostic factors in small cell lung cancer,” British Journal
of Cancer, vol. 61, no. 4, pp. 597–604, 1990.

[16] D. D. Stocken, A. B. Hassan, D. G. Altman et al., “Modelling
prognostic factors in advanced pancreatic cancer,” British
Journal of Cancer, vol. 99, no. 6, pp. 883–893, 2008.

[17] F. De Ritis, M. Coltorti, and G. Giusti, “An enzymic test for
the diagnosis of viral hepatitis; the transaminase serum

7Disease Markers



activities,” Clinica Chimica Acta, vol. 2, no. 1, pp. 70–74,
1957.

[18] A. Bezan, E. Mrsic, D. Krieger et al., “The preoperative
AST/ALT (De Ritis) ratio represents a poor prognostic fac-
tor in a cohort of patients with nonmetastatic renal cell car-
cinoma,” The Journal of Urology, vol. 194, no. 1, pp. 30–35,
2015.

[19] Y. S. Tai, C. H. Chen, C. Y. Huang, H. C. Tai, S. M. Wang,
and Y. S. Pu, “Diabetes mellitus with poor glycemic control
increases bladder cancer recurrence risk in patients with
upper urinary tract urothelial carcinoma,” Diabetes/Metabo-
lism Research and Reviews, vol. 31, no. 3, pp. 307–314,
2015.

[20] H. Lee, Y. H. Choi, H. H. Sung et al., “De Ritis ratio (AST/ALT)
as a significant prognostic factor in patients with upper tract
urothelial cancer treated with surgery,” Clinical Genitourinary
Cancer, vol. 15, no. 3, pp. e379–e385, 2017.

[21] C. W. Jeong, J. Suh, H. D. Yuk et al., “Establishment of the
Seoul National University prospectively enrolled registry for
genitourinary cancer (SUPER-GUC): a prospective, multidis-
ciplinary, bio-bank linked cohort and research platform,”
Investigative and Clinical Urology, vol. 60, no. 4, pp. 235–243,
2019.

[22] H. Lee, S. E. Lee, S. S. Byun, H. H. Kim, C. Kwak, and S. K.
Hong, “De Ritis ratio (aspartate transaminase/alanine trans-
aminase ratio) as a significant prognostic factor after surgical
treatment in patients with clear-cell localized renal cell carci-
noma: a propensity score-matched study,” BJU International,
vol. 119, no. 2, pp. 261–267, 2017.

[23] A. Chougule, S. Hussain, and D. P. Agarwal, “Prognostic and
diagnostic value of serum pseudocholinesterase, serum aspar-
tate transaminase, and serum alinine transaminase in malig-
nancies treated by radiotherapy,” Journal of Cancer Research
and Therapeutics, vol. 4, no. 1, pp. 21–25, 2008.

[24] S. M. O'Reilly, M. A. Richards, and R. D. Rubens, “Liver metas-
tases from breast cancer: the relationship between clinical, bio-
chemical and pathological features and survival,” European
Journal of Cancer, vol. 26, no. 5, pp. 574–577, 1990.

[25] S. N. Gorgel, O. Kose, E. M. Koc, E. Ates, Y. Akin, and
Y. Yilmaz, “The prognostic significance of preoperatively
assessed AST/ALT (De Ritis) ratio on survival in patients
underwent radical cystectomy,” International Urology and
Nephrology, vol. 49, no. 9, pp. 1577–1583, 2017.

[26] Y. S. Ha, S. W. Kim, S. Y. Chun et al., “Association between De
Ritis ratio (aspartate aminotransferase/alanine aminotransfer-
ase) and oncological outcomes in bladder cancer patients after
radical cystectomy,” BMC Urology, vol. 19, no. 1, p. 10, 2019.

[27] O. Warburg, “On respiratory impairment in cancer cells,”
Science, vol. 124, no. 3215, pp. 269-270, 1956.

[28] D. M. Brizel, T. Schroeder, R. L. Scher et al., “Elevated tumor
lactate concentrations predict for an increased risk of metasta-
ses in head-and-neck cancer,” International Journal of Radia-
tion Oncology, Biology, Physics, vol. 51, no. 2, pp. 349–353,
2001.

[29] S. Walenta, T. V. Chau, T. Schroeder et al., “Metabolic classifi-
cation of human rectal adenocarcinomas: a novel guideline for
clinical oncologists?,” Journal of Cancer Research and Clinical
Oncology, vol. 129, no. 6, pp. 321–326, 2003.

[30] A. Dorward, S. Sweet, R. Moorehead, and G. Singh, “Mito-
chondrial contributions to cancer cell physiology: redox bal-
ance, cell cycle, and drug resistance,” Journal of Bioenergetics
and Biomembranes, vol. 29, no. 4, pp. 385–392, 1997.

[31] K. Kitajima, S. Yamamoto, K. Fukushima et al., “FDG-PET/CT
as a post-treatment restaging tool in urothelial carcinoma:
comparison with contrast-enhanced CT,” European Journal
of Radiology, vol. 85, no. 3, pp. 593–598, 2016.

[32] T. Whyard, W. C. Waltzer, D. Waltzer, and V. Romanov,
“Metabolic alterations in bladder cancer: applications for can-
cer imaging,” Experimental Cell Research, vol. 341, no. 1,
pp. 77–83, 2016.

8 Disease Markers



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

