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Abstract
Objective: De Ritis ratio, defined as the ratio of serum aspartate amino transferase (AST) and alanine amino transferase (ALT), has been demonstrated to be an
independent prognostic marker in bladder cancer (BC) patients who underwent radical cystectomy. We aimed to investigate the relationship between preoperative
De Ritis ratio and tumour histology prior to transurethral resection of bladder tumour (TUR-BT) in patients newly diagnosed with BC.
Materials and Methods: Data of the patients who underwent TUR-BT between May 2016 and August 2019 at two tertiary hospitals were evaluated, retrospectively.
The patients were grouped as either non-muscle invasive BC (NMIBC) or muscle invasive BC (MIBC), and as grade (G) 1, 2 and 3 according to pathological and
histological G, respectively. Further, patients were classified as low, intermediate or high risk according to risk group stratification. Demographic features of the
patients including age and gender were recorded. Pre-treatment biochemical indices including serum levels of AST and ALT were recorded. P value <0.05 was
considered significant.
Results: Mean age of patients (156) included in this study was 67.10±10.15. Exactly 104 (66.7%) patients were placed in the NMIBC group, while the remaining
52 (33.3%) patients were placed in the MIBC group. De Ritis ratio was lower in the NMIBC group than in the MIBC group (p=0.014). Also, there was a significantly
difference in De Ritis ratio between G1 and G3 carcinomas (p=0.040). According to receiver operating characteristics analysis, the cut-off threshold of De Ritis ratio
for clinically predicting MIBC and high-G carcinoma was 1.21 and 1.20, respectively. Based on Spearman’s correlation analysis, a weak positive correlation was found
between De Ritis ratio and MIBC (p=0.036), and G of tumour (p=0.009).
Conclusion: This study demonstrated that an increase in De Ritis ratio, which can be easily determined from the peripheral blood in preoperative period, may be
associated with muscle invasion (T2) and high tumour G of BC.
Keywords: Amino transferases, bladder cancer, de ritis ratio, grade, stage

Introduction
Bladder cancer (BC), a common genitourinary tract cancer, is the
sixth most frequently diagnosed cancer in the United States, and
also the third most common type of cancer in male population of
Turkey (1,2,3). Globally, it has an average standardized mortality
rate of 3.2 per 100,000 men and 0.9 per 100,000 women (1).
In approximately 75%-85% of newly diagnosed BC cases,
tumour is infiltrated in the mucosa [stage Ta and carcinoma in
situ (CIS)] or submucosa (stage T1) and are classified as nonmuscle invasive BC (NMIBC) for therapeutic purposes (4,5). For
treatment of BC, transurethral resection of the bladder tumour
(TUR-BT) is performed and, thereafter, intravesical instillations

are incorporated in order to prevent disease recurrence and
progression to muscle invasive BC (MIBC). However, radical
cystectomy (RC) is a preferred treatment strategy for localized
MIBC (6,7). Moreover, some patients with high risk NMIBC may
undergo RC prior to muscle invasion (8).
Amino transferase enzymes such as aspartate amino transferase
(AST) and alanine amino transferase (ALT) are leaked into
circulation from liver cells as indication for hepatocellular
damage. De Ritis (9) put forward an hypothesis in 1957 that the
ratio of these enzymes could be used to predict viral hepatitis.
Successfully, the term De Ritis ratio (calculated by dividing AST
by ALT) took its place in the literature. Till date, this ratio has
been employed in a lot of research as biomarker for diagnosis,
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treatment and follow-up of, not only hepatic disorders, but also
non-hepatic diseases (10,11,12,13,14). Today, it is popularly
employed for prognosis of many cancers (15,16,17,18,19,20).
In literature, elevated preoperative De Ritis ratio was regarded
as an independent indicator of poor prognosis in patients who
underwent RC (18,21,22).
Therefore, we aim to investigate whether De Ritis ratio can be
employed to predict tumour histology and risk group prior to
TUR-BT in patients newly diagnosed with BC.

Materials and Methods
After obtaining ethics committee approval of institutional
review board (approval number: 2019/21, date: 05.08.2019),
we conducted a cross-sectional study including patients who
underwent TUR-BT for primary BC between May 2016 and
August 2019 at two tertiary hospitals. Age, gender, grade and
stage of tumour, risk group of tumour, and preoperatively
evaluated serum AST-ALT levels were obtained from electronic
database and surgery notes in the hospitals. Patients whose
records were not sufficient for the evaluation, as well as those
with liver metastasis, were excluded from this study. In addition,
patients undergoing any form of treatment which may influence
the level of amino transferase enzymes; patients with hepatic
disorders such as chronic hepatitis, liver cirrhosis or other
concurrent cancers, and patients with inadequate muscle tissue
in the resected histopathology specimens were excluded from
this study. Classification of tumour stage and tumour grade was
according to the 2009 tumor node metastasis classification
updated in 2017 (23) and 1973 World Health Organization
(WHO) grading system (24), respectively. Where a second
resection was required according to the criteria specified in
European Association of Urology (EAU) Guidelines (25), we
performed a second TUR-BT. We accepted findings regarding
upstaging or upgrading of pathological results of second TURBT. Since some pathologists examined specimens of TUR-BT
only according to WHO 1973 classification for reporting BC
histology, we could not evaluate the results according to 2004
WHO grading system. According to the 2019 EAU Guidelines,
risk group stratification was low, intermediate or high risk (25).
Further, patients were grouped into two (NMIBC and MIBC)
according to the pathological stage, and into three according

histological grade. We further grouped patients with NMIBC
into three based on the risk group stratification.

Statistical Analyses
Statistical analysis was done using IBM SPSS version 21 (IBM
Corp., Armonk, NY, USA). Variables were expressed as means
and standard deviations. Student’s independent t-test was used
to compare differences between two groups, while One-way
analysis of variance followed by Tukey Post-hoc test was utilized
to compare differences between three groups. Chi-square test
and Fisher’s Exact test were used for comparison of qualitative
data. The capacity of De Ritis ratio in predicting muscle invasion
and high grade of tumour was determined using receiver
operating characteristics (ROC) curve analysis. Spearman’s
correlation analysis was used to evaluate relationship between
De Ritis ratio and the groups. Also, we used a linear regression
model to identify independent predictors of tumour histology.
P<0.05 was considered significant.

Results
After the exclusion of patients (67) who did not meet inclusion
criteria, a total of 156 patients with primary BC were included in
the study. Of the total patients included, 104 (66.7%) patients
had NMIBC, while the remaining 52 (33.3%) patients had MIBC
(stage T2 tumour). Descriptive statistics and mean values for all
patients are summarised in Table 1. Mean age and De Ritis ratio
were significantly different between patients with NMIBC and
MIBC (Table 2). Based on T stage, mean age of patients with
stage Ta tumour was significantly lower than that of patients
with stage T2 tumour (63.58±10.02 vs 70.50±10.03, p=0.004).
Similarly, patients with stage Ta tumour had lower De Ritis ratio
than patients with stage T2 tumour (1.17±0.31 vs 1.47±0.69,
p=0.027). Based on the tumour grade, there were significant
differences between grade 1 and grade 3 carcinomas in terms of
age and De Ritis ratio (p=0.011 and p=0.040, respectively). All
the parameters between the risk group of patients with NMIBC
were non-significantly different (p>0.05) (Table 3). According
to ROC curve, the cut-off value of preoperative De Ritis ratio
for predicting MIBC was 1.21, with 56% sensitivity and 55%
specificity [area under curve (AUC)=0.603, 95% confidence
interval (CI) =0.503-0.702, p=0.037] (Figure 1). On the other

Table 1. Baseline characteristics of the patients
Tumor histology

n (%)

Age (year)

AST (U/L)

ALT (U/L)

AST/ALT

Ta

46 (29.9)

63.58±10.02

19.28±4.76

17.78±7.87

1.17±0.31

T1

54 (34.6)

67.25±9.45

21.61±5.01

19.16±7.43

1.25±0.46

T2

52 (33.3)

70.50±10.03

19.78±5.53

16.02±8.66

1.47±0.69

Tis

4 (2.2)

61.50±9.98

18.50±1.73

18±4.76

1.05±0.22

G1

49 (31.4)

63.93±11.74

19.77±5.10

19.18±8.71

1.15±0.43

G2

10 (6.4)

64.10±3.84

23.10±3.54

18.90±2.13

1.21±0.07

G3

97 (62.2)

69.02±9.29

20.17±5.24

16.79±7.90

1.38±0.57

Total

156

67.10±10.15

20.23±5.13

17.68±7.98

1.29±0.52

Stage

Grade

AST: Aspartate amino transferase, ALT: Alanine amino transferase
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Table 2. Comparison of the variables between the patients with
non-muscle invasive bladder cancer, and muscle invasive bladder
cancer
Variables

NMIBC (n=104)

MIBC (n=52)

p

Age (year)

65.41±9.83

70.50±10.03

0.003

Male (n=136, 87.2%)

90 (86.5%)

46 (88.5%)

Female (n=20, 12.8%)

14 (13.5%)

6 (11.5%)

AST (U/L)

20.46±4.94

19.79±5.53

0.460

ALT (U/L)

18.51±7.53

16.02±8.66

0.082

AST/ALT

1.21±0.39

1.47±0.69

0.014

Gender
0.735

NMIBC: Non-muscle invasive bladder cancer, MIBC: Muscle invasive bladder
cancer, AST: Aspartate amino transferase, ALT: Alanine amino transferase

Table 3. Comparison of data in patients with non-muscle invasive
bladder cancer in terms of risk group stratification
Data

Low risk
(n=19)

Intermediate risk
(n=19)

High risk
(n=66)

p

Age (year)

61.89±11.15

63.10±9.57

67.09±9.23

NS

Gender
Male (n=90)

16 (84.2%)

15 (78.9%)

59 (89.4%)

Female (n=14)

3 (15.8%)

4 (21.1%)

7 (10.6%)

NS

AST (U/L)

19.68±5.96

20.05±3.59

20.80±4.98

NS

ALT (U/L)

20±11.11

17.36±3.74

18.40±7.12

NS

AST/ALT

1.14±0.41

1.17±0.19

1.24±0.43

NS

AST: Aspartate amino transferase, ALT: Alanine amino transferase, NS: Not
significant

Figure 1. ROC curve for prediction of MIBC (AUC=0.603 (95% CI=0.503-0.702,
p=0.037)
ROC: Receiver operating characteristics, MIBC: Muscle invasive bladder cancer,
AUC: Area under curve, CI: Confidence interval
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hand, for prediction of high-grade BC, ROC cut-off value was
1.20, with 58% sensitivity and 66% specificity (AUC=0.617, 95%
CI=0.528-0.705, p=0.015) (Figure 2). According to Spearman
correlation analysis, De Ritis ratio had a weak positive correlation
with muscle invasion of BC (r=+0.236, p=0.036) and grade of
tumour (r=+0.208, p=0.009). On the other hand, there was no
correlation between De Ritis ratio and risk groups (p=0.471).
According to regression analysis, patients’ age did not influence
the De Ritis ratio.

Discussion
Surgeons are poised to forecast histopathologic features of
tumours prior to operation. The ability to clinically predict the
invasiveness or grade of new tumours is often aid the decision
on tumour management. According to European Organization
for Research and Treatment of Cancer risk scores, BC patients
are primarily grouped into NMIBC or MIBC, and into risk groups
in order to predict 1 and 5 year recurrence and progression
in terms recurrence rate, number of tumours, tumour size, T
stage, grade, and simultaneous CIS presence. In this regard,
patients with NMIBC are classified into low, intermediate and
high risk groups for the purpose of treatment (26). Many studies
have evaluated blood biomarkers and cystoscopy of tumour in
view of predicting the histopathological stage and grade of BC
(27,28,29). Vartolomei et al. (27) revealed in their meta-analysis
that NMIBC patients with higher neutrophil-to-lymphocyte
ratio, assessed prior to TUR-BT, have greater risk of disease
recurrence and progression.
Tumour cells require excessive uptake of glucose (for glycolysis)
in order to produce sufficient adenosine triphosphate, which

Figure 2. ROC curve for prediction of high-grade BC (AUC=0.617 (95%
CI=0.528-0.705, p=0.015)
ROC: Receiver operating characteristics, AUC: Area under curve, BC: Bladder
cancer, CI: Confidence interval
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is referred to as the Warburg (30) effect. Increased glycolysis
results in certain changes in mitochondrial activities and, in turn,
alterations in activity of nicotinamide adenine dinucleotiderelated enzyme and glucose transporters (31). BC is regarded
as one of the glucose-reliant malignant tumours (32,33). This
was also revealed by a study in which fluorescence microscopy
images of BC cells show utilization of glucose (34). AST and
ALT are needed as catalyst in glutamine metabolism. AST is also
main component of malate-aspartate shuttle pathway (35,36).
They are highly implicated in cellular metabolism and tumour
proliferation. AST is a less liver-specific enzyme and increases
much more in cancer compared to ALT (12,15,37). Therefore, De
Ritis ratio might, not only is a predictor of glucose consumption
in cancers, but also a predictor of tumour aggressiveness.
De Ritis ratio has been frequently used as a prognostic marker in
many cancers (38). In uro-oncology, it was investigated in several
types of cancer including BC, prostate cancer, renal cell carcinoma
and urinary tract urothelial carcinoma (15,16,18,19,21,22). All
the studies on BC showed an elevated preoperative De Ritis ratio,
which was related to poor prognosis in patients who underwent
RC (18,21,22). However, these studies focused on predicting
the survival of previously diagnosed BC patients. To the best of
our knowledge, our study is the first to predict tumour histology
in patients newly diagnosed with BC. We found that higher
preoperative De Ritis ratio was associated with higher stage and
grade of BC. We observed a statistically significant correlation
between high and low grade of BC, and between NMIBC and
MIBC. In addition, our study revealed that De Ritis ratio was an
age independent predictor of tumour histology.
A study conducted in Turkey revealed that patients with elevated
De Ritis ratio (with a cut-off value of 1.3) had worse diseasespecific and overall survival outcomes (18). Similar results were
reported by Ha et al. (21). In our study, the cut-off value of
preoperative De Ritis ratio for predicting muscle invasive and
high-grade BC was 1.21 (sensitivity =56%, specificity =55%)
and 1.20 (sensitivity =58%, specificity =66%), respectively. We
demonstrated in our study that preoperatively evaluated AST/
ALT value >1.21 was shown to be useful in predicting T2 or
upstage in BC patients. Despite the low levels (Figures 1, 2),
the AUC, sensitivity and specificity of De Ritis ratio in predicting
both muscle invasion and high-grade BC were similar to
aforementioned studies. In addition, we showed that patients
with stage Ta and G1 tumour were younger than those with
higher stage and grade of tumour. Age and tumour stage, along
with an elevated De Ritis rate, were found to be independent
prognostic factors for cancer and overall survival of patients with
BC who underwent RC (18,22).

Study Limitations
In spite of the significant and new contributions of this study to
literature, it has some inherit drawbacks. Firstly, this study was
limited by its retrospective nature and relatively small sample
size. Secondly, the type of BC was not classified. This was due
to low number of patients with adenocarcinoma and squamous
cell carcinoma in urinary bladder, and less than 10% of all
BC patients, paralleling with literature (39). Regardless of the
cancer type, we analysed the data obtained based on tumour
stage and grade. Also, MIBC patients were not evaluated based

on metastasis since we aimed to investigate the relationship
between preoperative De Ritis ratio and primary BC and
tumour histology prior to TUR-BT. If there was any distant organ
metastasis of the tumour in MIBC group, it might affect the
serum level of the amino transferase enzymes. Nevertheless, a
prospective study including all pathological tumour stage with
a long follow-up period will help to clarify this gap. Lastly, we
could not evaluate the results according to WHO 2004/2016
grading system. However, the WHO 2004/2016 grading system
is not superior to the WHO 1973 used in the present study (40).

Conclusion
AST and ALT are rapidly, cheaply and reproducibly measured
serum biomarkers before performance of surgery. Considering
the necessity for intensive and sustainable treatment for BC, we
suggest that preoperatively assessed De Ritis ratio will be a helpful
and useful predicting tool after diagnosis, treatment, and during
follow-up of BC. However, this study needs to be validated by
well-designed large-scale prospective clinical studies.
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