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Purpose: The aim of this study was to evaluate the prognostic value of the aspartate

transaminase/alanine transaminase (AST/ALT) ratio in a large Chinese cohort surgically

treated for localized upper tract urothelial carcinoma (UTUC) using propensity score match-

ing (PSM) analysis.

Methods: Data of 908 consecutive patients with localized UTUC who underwent radical

nephroureterectomy (RNU) were retrospectively evaluated. The endpoints of prognosis were

progression-free survival (PFS), cancer-specific survival (CSS) and overall survival (OS)

after RNU. We compared these endpoints according to the AST/ALT ratio before and after

1:1 PSM. The independent predictors for PFS, CSS and OS were also analyzed.

Results: A high AST/ALT ratio was correlated with unfavorable factors, including elderly

age, female gender, history of coronary disease, alcohol and tobacco consumption, lower

body mass index, and larger tumor volume. Before PSM, the Kaplan–Meier curves showed

significantly poorer survival outcomes in PFS, CSS, and OS (all P<0.001) for patients with

high AST/ALT ratios. After PSM, the high AST/ALT ratio group also had significantly

inferior survival outcomes in terms of PFS, OS and CSS (all P<0.001). Furthermore, multi-

variate analyses revealed that the AST/ALT ratio was an independent predictor for PFS, CSS

and OS before PSM (PFS hazard ratio [HR] 1.454, P=0.001; CSS HR 2.577, P<0.001; OS

HR 1.925, P<0.001) and after PSM (PFS HR 1.711, P<0.001; CSS HR 2.588, P<0.001; OS

HR 1.957, P<0.001).

Conclusion: The preoperative AST/ALT ratio can be a convenient and useful prognostic

biomarker for patients with localized UTUC.

Keywords: aspartate transaminase, alanine transaminase, upper urinary tract urothelial

carcinoma, prognosis

Introduction
Upper tract urothelial carcinoma (UTUC) arises from pyelocaliceal cavities and the

ureter and accounts for 5–10% urothelial carcinoma cases.1,2 In Western countries, the

incidence is approximately two cases per 100,000 individuals every year.1,3 Radical

nephroureterectomy (RNU) with excision of the ureteral orifice and the bladder cuff is

the standard care for localized UTUC patients.3 RNU alters renal function and may
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affect the use of perioperative chemotherapy, therefore,

selection of primary therapy, especially consideration of

kidney-sparing (KSP) therapy, is important4,5 . For patients

with low-risk tumors and two functional kidneys, KSP is

recommended the first treatment option. For patients with

high-risk cancers, KSP is limited to distal ureteral tumors

and imperative cases.1,6 However, risk stratification to dis-

criminate between patients with low- and high-risk tumors

remains challenging. According to the recent literature, the

neutrophil-lymphocyte ratio, which reflects the inflamma-

tory response, has been confirmed as an independent blood-

based prognosticator in UTUC patients.7–9 Nevertheless,

knowledge of preoperatively assessable plasma prognostic

factors in UTUC remains limited.

Alanine aminotransferase (ALT) and aspartate amino-

transferase (AST) are well-known enzymes that are routi-

nely measured before surgery. The De Ritis ratio (AST/

ALT) was originally proposed as a characteristic of viral

hepatitis and useful biomarker for other hepatic diseases.10

The AST/ALT ratio was previously demonstrated to be

useful prognostic biomarkers in patients with certain types

of malignancies.11–14 Recently, Nishikawa M et al, and Lee

et al, reported that the AST/ALT ratio is an independent

prognostic factor in patients with UTUC treated with

surgery.15,16 In their study, patients with a high AST/ALT

ratio had inferior survival outcomes. Although their study

was valuable for presenting the AST/ALT ratio as a novel

prognostic factor for patients with UTUC, they were not able

to exclude the effect of alcohol, tobacco consumption and

coronary disease on AST/ALT ratio, and they only analyzed

a relatively small number of patients.

The aim of this study was to evaluate the prognostic

value of AST/ALT ratio in a large Chinese cohort surgi-

cally treated for localized UTUC using propensity score

matching (PSM) analysis.

Patients and methods
After approval by the internal ethics review board of Peking

University First Hospital, we retrospectively collected the

records of 908 patients with localized UTUC from March

1999 to January 2015 in Peking University First Hospital.

Twenty-three patients were excluded because of accompany-

ing breast cancer, colon cancer or other malignancies (n=16);

hepatitis (n=4); or missing clinicopathological data (n=3). In

total, 885 patients were included in our study (Figure 1). All

patients underwent standard RNU with bladder cuff

Patients with upper tract urothelial cancer who underwent
surgical treatment between 1999 and 2015 (n=908)

Exclusion criteria

1. Patients with breast cancer,
colon cancer and other malignancies (n=16)
2. Patients with hepatitis (n=4)
3. Patients with missing clinicopathological
data (n=3)

885 patients were
included for

further evaluation

Unmatched cohort (n=293) Without
propensity score matching

Low AST/ALT
group (n=52)

High AST/ALT
group (n=231)

Low AST/ALT
group (n=301)

High AST/ALT
group (n=301)

Matched cohort (n=602) With
propensity score matching

Figure 1 Workflow of this study.
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resection. Routine lymph node dissection was performed

when enlarged lymph nodes were found by preoperative

image or intraoperative observation. Tumor stage and the

histological subtype were assessed according to the 2002

American Joint Committee on Cancer (AJCC) TNM classi-

fication. Cellular grade was determined according to the

1973 World Health Organization (WHO) grading system

[11]. This study was conducted in accordance with the

Declaration of Helsinki, and written informed consent was

also obtained from all patients.

Disease progression was identified on radiological or

pathological evidence of local and bladder recurrence, dis-

tant metastasis or mortalities from UTUC. Postoperative

evaluations were performed in our outpatient or local clinic

at 6-month intervals for the first 2 years and yearly there-

after. Cancer-specific survival (CSS) and progression-free

survival (PFS) were determined at the last follow-up based

on examination results. Overall survival (OS) was deter-

mined by review of patient’s medical records and from the

Chinese National Statistical Office database.

Clinicopathological and laboratory data were reviewed

and collected from an electronic database of the patients’

medical records. As a single-center study, bias is inevita-

ble. To minimize the selection bias, the patient variables

were adjusted using 1:1 PSM.

Statistical analysis
All statistical analyses were performed using the SPSS

software package (SPSS 22.0, Chicago, IL, USA). All

P-values were two-sided, and a P-value <0.05 indicated

statistical significance.

To determine the optimum threshold for the AST/ALT

ratio, the receiver-operating curve of AST/ALT for CSS was

analyzed. Given that an AST/ALT ratio of 1.23 had

a maximum Youden index value, the cut-off value for AST/

ALTwas set as 1.23. Therefore, in this study, patients with an

AST/ALT ratio ≥1.23 were defined as the high AST/ALT

group (n=532), while the remaining patients (AST/ALT

<1.23) were assigned to the low AST/ALT group (n=353).

Several preoperative characteristics, such as age, gen-

der, body mass index (BMI), tumor size history of coron-

ary disease, alcohol and tobacco consumption, were

significantly different between the low and high AST/

ALT patients cohort. These characteristics might have

important effects on AST/ALT levels. To minimize bias,

we performed PSM. The propensity scores were estimated

using non-parsimonious multivariate logistic regression

according to preoperative characteristics, such as age,

gender, BMI, tumor size, and history of coronary disease,

alcohol and tobacco consumption. Further, postoperative

characteristics, such as pathological stage (T and N) and

cellular grade, were also included in PSM because these

variables are different between the low and high AST/ALT

groups and play important roles for predicting prognosis of

UTUC patients. In total, 301 patients with a high AST/

ALT ratio were matched to 301 patients with a low AST/

ALT ratio in a 1:1 ratio using the nearest-neighbor method

with a caliber of 0 (Figure 1). After PSM, the differences

of peri-operative characters between the low and high

AST/ALT groups were acceptable.

The differences in peri-operative characteristics were

determined by independent t-tests for continuous variables

(age and BMI exhibit normal distributions in each group)

and chi-squared tests for categorical variables. Kaplan–

Meier analyses with log-rank tests were used to compare

survival outcomes. Univariate and multivariate Cox

regression tests were used to reveal the predictors of post-

operative survival outcomes.

Results
Patient characteristics
According to the maximum Youden index value, the

cutoff value for the AST/ALT ratio was set at 1.23

(Figure 2). Patients with an AST/ALT ratio <1.23 were

assigned to the low AST/ALT group, and those with an

AST/ALT ratio ≥1.23 were included in the high
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Figure 2 Receiver operating characteristic analysis for cancer-specific survival of

the 885 patients. Area under the curve (AUC) of preoperative AST/ALT ratio was

0.598.
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AST/ALT group. Of the 885 UTUC patients, 532

(60.1%) had a high AST/ALT ratio. The patient char-

acteristics before PSM are summarized in Table 1, and

the patient characteristics after PSM are summarized in

Table 2. The patients’ median age was 69 years (inter-

quartile range [IQR], 61–75) with a median AST/ALT of

1.36 (IQR, 1.06–1.73) and a median follow-up duration

of 61.0 months (IQR, 38–102). Patients in the high

AST/ALT group were significantly older (P<0.001);

were predominantly female (P<0.001); were more likely

to have a history of coronary disease (P=0.060), alcohol

consumption (P=0.009) and tobacco use (P=0.014); had

a lower BMI (P<0.001); and had a larger tumor volume

(P=0.011). Although the difference is not statistically

significant, patients in the high AST/ALT group tended

to have a positive pathological N stage (7.5% vs 6.2%)

and advanced cellular grade (≥G3, 43.4% vs 38.5%)

compared with the low AST/ALT group.

Table 1 Clinicopathological characteristics of the entire cohort and subgroups according to AST/ALT ratio (AST/ALT ratio <1.23 are

low group, otherwise high group) before propensity score matching

Characteristics Entire cohort Low AST/ALT High AST/ALT P-value

Number of Subjects 885 353 532

Preoperative characteristics

Age, years 66.98±10.55 64.07±10.93 69.04±9.60 <0.001

Aged >65 years 575 (65.0%) 187 (53.0%) 388 (73.0%) <0.001

Gender (male) 396 (44.7%) 195 (55.2%) 158 (29.7%) <0.001

BMI 24.25±3.53 25.06±3.45 23.70±3.46 <0.001

Diabetes 134 (15.1%) 60 (17.0%) 74 (13.9%) 0.126

Hypertension 333 (37.6%) 130 (36.8%) 203 (38.1) 0.946

Coronary disease 99 (11.2%) 30 (8.5%) 69 (13.0%) 0.060

Alcohol 98 (11.1%) 51 (14.4%) 47 (8.8%) 0.009

Tobacco 138 (15.6%) 68 (19.3%) 70 (13.2%) 0.014

Hydronephrosis 427 (48.2%) 158 (44.8%) 269 (50.6%) 0.233

Tumor location (pelvis) 474 (53.6%) 187 (53.0%) 287 (53.9%) 0.776

Tumor size (>5 cm) 94 (10.6%) 25 (7.1%) 69 (13.0%) 0.011

Postoperative characteristics

Pathological T Stage 0.832

Ta 6 (0.7%) 1 (0.3%) 5 (0.9%)

T1 322 (36.4%) 130 (36.8%) 192 (36.1%)

T2 295 (33.3%) 116 (32.9%) 179 (33.6%)

T3 238 (26.9%) 96 (27.2%) 142 (26.7%)

T4 24 (2.7%) 10 (2.8%) 14 (2.6%)

Pathological N Stage 0.081

N0 823 (93.0%) 331 (93.8%) 492 (92.5%)

N1 57 (6.4%) 18 (5.1%) 39 (7.3%)

N2 5 (0.6%) 4 (1.1%) 1 (0.2%)

Cellular grade 0.286

G1 25 (2.8%) 12 (3.4%) 13 (2.4%)

G2 493 (55.7%) 205 (58.1%) 288 (54.1%)

G3 367 (41.5%) 136 (38.5%) 231 (43.4%)

Lymphatic microvascular invasion 46 (5.20%) 17 (4.8%) 29 (5.5%) 0.677

Tumor major diameter 3.46±2.26 3.33±2.29 3.55±2.23 0.160

Tumor necrosis 114 (12.9%) 43 (12.2%) 71 (13.3%) 0.613

Tumor hemorrhage 28 (3.2%) 9 (2.5%) 19 (3.6%) 0.395

Tumor architecture (sessile) 161 (18.2%) 59 (16.7%) 102 (19.2%) 0.587

Squamous metaplasia 85 (9.6%) 29 (8.2%) 56 (10.5%) 0.253

Sarcomatoid differentiation 34 (3.8%) 12 (3.4%) 22 (4.1%) 0.577

Glandular differentiation 39 (4.4%) 15 (4.2%) 24 (4.5%) 0.716
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Survival outcomes
Before PSM

After a median (IQR) of 18 (9–32) months postoperatively,

332 (37.5%) patients experienced disease progression. There

were 172 (19.4%) cancer-specific deaths after a median

(IQR) of 26 (16.25–45.75) months and 248 (28.0%) overall

deaths after a median (IQR) of 32.5 (19.0–57.75) months

postoperatively. The Kaplan–Meier curves showed signifi-

cantly poorer survival outcomes in PFS (P<0.001), CSS

(P<0.001) and OS (P<0.001) for patients with high

AST/ALT (Figure 3AC). A higher AST/ALT ratio was

found to be an independent predictor for PFS (hazard ratio

[HR] 1.454, 95% confidence interval [CI] 1.157–1.828,

P=0.001), CSS (HR 2.577, 95% CI 1.7145–3.875,

P<0.001) and OS (HR 1.925, 95% CI 1.454–2.548,

p<0.001) based on multivariate Cox regression analyses

(Table 3) when adjusted by clinicopathological parameters,

as shown in Table 3. For PFS, patient gender (P=0.009),

Table 2 Clinicopathological characteristics for the entire cohort and subgroups according to AST/ALT ratio (AST/ALT ratio <1.23 are

low group, otherwise high group) after propensity score matching

Characteristics Entire cohort Low AST/ALT High AST/ALT P-value

Number of subjects 602 301 301

Preoperative characteristics

Age, years 66.77±9.90 65.98±9.79 67.56±9.96 0.051

Aged >65 years 385 (64.0%) 181 (60.1%) 204 (67.8%) 0.051

Gender (male) 285 (47.3%) 147 (48.8%) 138 (45.8%) 0.463

Body mass index 24.58±3.52 24.67±3.34 24.49±3.69 0.516

Diabetes 99 (16.4%) 51 (16.9%) 48 (15.9%) 0.742

Hypertension 224 (37.2%) 114 (37.9%) 110 (36.5) 0.736

Coronary disease 67 (11.1%) 29 (9.6%) 38 (12.6%) 0.243

Alcohol 6 5(10.8%) 33 (11.0%) 32 (10.6%) 0.896

Tobacco 94 (15.6%) 47 (15.6%) 47 (15.6%) 1.000

Hydronephrosis 296 (49.2%) 142 (47.2%) 154 (51.2%) 0.328

Tumor location (pelvis) 310 (51.5%) 151 (50.0%) 159 (52.8%) 0.514

Tumor size (>5cm) 88 (14.6%) 40 (13.3%) 48 (15.9%) 0.356

Postoperative characteristics

Pathological T Stage 0.492

Ta 6 (1.0%) 1 (0.3%) 5 (1.7%)

T1 234 (38.9%) 115 (38.2%) 119 (39.5%)

T2 196 (32.6%) 97 (32.2%) 99 (32.9%)

T3 148 (24.6%) 78 (25.9%) 70 (23.3%)

T4 18 (3.0%) 10 (3.3%) 8 (2.7%)

Pathological N Stage 0.120

N0 561 (93.2%) 280 (93.0%) 281 (93.4%)

N1 37 (6.1%) 17 (5.6%) 20 (6.6%)

N2 4 (0.7%) 4 (1.3%) 0 (0.0%)

Cellular grade 0.653

G1 15 (2.5%) 8 (2.7%) 7 (2.3%)

G2 342 (56.8%) 176 (58.5%) 166 (55.1%)

G3 245 (40.7%) 117 (38.9%) 128 (42.5%)

Lymphatic microvascular invasion 25 (4.15%) 11 (44.0%) 14 (56.0%) 0.540

Tumor major diameter 3.39±2.26 3.33±2.38 3.56±2.33 0.542

Tumor necrosis 75 (12.5%) 39 (13.0%) 36 (12.0%) 0.711

Tumor hemorrhage 19 (3.2%) 8 (2.7%) 11 (3.7%) 0.484

Tumor architecture (sessile) 109 (18.1%) 55 (18.3%) 54 (17.9%) 0.916

Squamous metaplasia 51 (8.5%) 28 (9.3%) 23 (7.6%) 0.464

Sarcomatoid differentiation 26 (4.3%) 13 (4.3%) 13 (4.3%) 1.000

Glandular differentiation 28 (4.7%) 14 (4.7%) 14 (4.7%) 1.000
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Figure 3 PFS (A), CSS (B) and OS (C) of the 885 patients with clinically localized upper tract urothelial carcinoma according to preoperative AST/ALTratio before PSM. PFS

(D), CSS (E) and OS (F) of the 602 patients with clinically localized upper tract urothelial carcinoma according to preoperative AST/ALT ratio after PSM.

Abbreviations: CSS, cancer-specific survival; OS, overall survival; PFS, progression-free survival; PSM, propensity score matching.
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BMI (P=0.048) and hydronephrosis (P=0.023) were sign-

ificant copredictors. Moreover, patient gender, pathologic

T and N stage, tumor size and tumor hemorrhage were

revealed as significant copredictors of postoperative CSS

and OS (all P<0.05). Patient age (P=0.003) and tumor

glandular differentiation (P=0.003) significantly predicted

OS but not CSS (both P>0.05) (Table 3).

After PSM

At a median (IQR) of 17 (8–31) months postoperatively,

217 patients had disease progression. There were 112 can-

cer-specific deaths after a median (IQR) of 26 (16–48)

months and 159 deaths from all causes after a median

(IQR) of 32 (19–63) months postoperatively. The high

AST/ALT group also had significantly inferior survival out-

comes in terms of PFS, OS and CSS in the propensity

score-matched cohort (all P<0.001, Figure 3D–F), as

demonstrated by Kaplan–Meier curves. Multivariate Cox

regression analyses demonstrated that a high AST/ALT

ratio was an independent predicator of PFS (HR 1.711,

95% CI 1.299–2.254), CSS (HR 2.588, 95% CI

1.727–3.877) and OS (HR 1.957, 95% CI 1.409–2.717)

(all P<0.001). Moreover, pathological T and N stages

were significant copredictors of PFS, CSS and OS (all

P<0.05). Patient gender was a significant copredictor of

PFS (P=0.037). Patient gender and tumor size were signifi-

cant copredictors of CSS (both P<0.05). Patient age, tumor

location, size and glandular differentiation were significant

copredictors of OS (all P<0.05) (Table 4).

Discussion
The present study showed that UTUC patients with higher

AST/ALT ratio were more likely to have a worse prognosis

of PFS, CSS and OS based on a large Chinese cohort.

A high AST/ALT ratio was independently associated with

postoperative PFS, CSS and OS analyzed by multivariate

Cox regression. PSM was performed to minimize bias

balancing of several perioperative characteristics, such as

patient age, gender, BMI, tumor size, history of coronary

disease, alcohol and tobacco consumption, pathological

stage (T and N) and cellular grade. In a matched cohort of

602 UTUC patients, the aforementioned findings persisted

for all three survival endpoints of PFS, CSS and OS. These

results suggest that a high AST/ALT ratio is a robust inde-

pendent predictor for UTUC patients.

Aspartate transaminase (AST) and alanine transaminase

(ALT) were both first described by Arthur Karmen and

colleagues in 1954.17,18 AST was expressed in liver, heart,

skeletal muscle, kidneys, brain and red blood cells.

However, ALT was mostly expressed in the liver.

Therefore, serum ALT and AST are both biomarkers for

liver health, and serum AST in blood tests may also reflect

pathology in the heart and muscle.19 In clinic care, serum

AST and ALT are well-known biomarkers for identifying

liver diseases, such as viral hepatitis and alcohol abuse.

AST/ALT ratio or De Ritis ratio was downregulated sig-

nificantly in viral hepatitis and first introduced by De Ritis

and colleagues.20 Moreover, recent studies have shown that

the AST/ALT ratio is a significant prognostic predictor for

urological cancer patients. Bezan A et al, analyzed 698

patients with nonmetastatic renal cell carcinoma and found

that preoperative AST/ALT represents a poor prognostic

factor.21 Additionally, a propensity score-matched study in

2,965 patients surgically treated for nonmetastatic RCC

suggested that the AST/ALT ratio is an independent pre-

dictor of PFS, CSS and OS.13 Recently, Wang H et al, found

that a higher AST/ALT ratio could be predictive of worse

pathological outcomes and higher biochemical recurrence in

localized prostate cancer patients.22 Moreover, high AST/

ALT ratios have also been identified as a significant prog-

nostic biomarker in patients with metastatic castration-

resistant prostate cancer treated with cabazitaxel.23

The prognostic effects of AST/ALT ratio in UTUC

were first introduced by Nishikawa M et al,15 and con-

firmed by Lee et al,16 Nishikawa M et al, retrospectively

analyzed 109 consecutive patients with clinically loca-

lized UTUC and demonstrated that the AST/ALT ratio

was significantly correlated with several unfavorable

parameters, including elderly age, high pathological

stage, high cellular grade and lymphovascular invasion.

Multivariate analysis found that a high AST/ALT ratio

was an independent predicator of extravesical recurrence-

free survival. Lee et al, also studied 623 patients with

localized UTUC and reported that elevation of AST/ALT

ratio was correlated with adverse pathologic events and

a significant predictor of worse postoperative survival in

patients surgically treated for UTUC. These findings

were in accordance with our results. Although these

studies were limited by the small number of patients

and selection bias, they were valuable for introducing

the novel prognostic impact of AST/ALT for the first

time. To the best of our knowledge, there are no other

studies focusing on the prognostic impact of AST/ALT in

patients with UTUC.

From our present study, the AST/ALT ratio might be

a useful preoperative biomarker for risk stratification of
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UTUC patients. Before surgery, the AST/ALT ratio could

contribute to the classification of low-risk and high-risk

patients. The optimal treatment option was suggested

based on risk stratification of UTUC patients. Several

studies reported that neoadjuvant chemotherapy and adju-

vant chemotherapy improves the survival of patients with

high-risk UTUC.24–26 Recent retrospective studies

reported contrary results about whether adjuvant che-

motherapy benefits UTUC patient survival; however, con-

clusions should be discussed in large well-organized

prospective studies.16,27,28 Therefore, it is required to iden-

tify enhanced patient selection criteria. AST/ALT ratio as

a perioperative prognostic predictor for UTUC may help to

select candidates with high-risk UTUC for neoadjuvant

chemotherapy or adjuvant chemotherapy.

The molecular mechanism that mediates high serum

AST/ALT levels remains unclear. However, researchers

have found that most cancer cells rely on anaerobic

glycolysis to generate the energy needed for cellular

survival, growth and metastasis even in the presence of

oxygen via a process known as the “Warburg effect”.29–31

Increased anaerobic glycolysis in tumor cells is asso-

ciated with alterations of nicotinamide adenine dinucleo-

tide (NAD)-related enzymes and glucose transporters in

mitochondria.32 High lactate dehydrogenase (LDH) and

cytosolic NADH/NAD+ are essential for maintaining this

enhanced glycolysis.33 Notably, AST is an important

component of a malate-aspartate shuttle pathway that

allows NADH/NAD+ conversion.34 Additionally,

Oxamate, an LDH inhibitor, could inhibit the prolifera-

tion of breast adenocarcinoma cells and SDH-deficient

cells in vitro,35,36 and AST overexpression could rescue

cell growth in the presence of oxamate.35 Studies have

demonstrated that AST and ALT are involved in gluta-

mine metabolism, which is necessary for tumor cells to

maintain the biosynthesis of nucleotide and nonessential

amino acids.37–39 Taken together, AST and ALT, reflect-

ing tumor metabolism, are possible biomarkers for

patient’s prognosis.

Limitations
Although important discoveries were revealed by this

study in the largest Chinese center of UTUC patients,

there were also some limitations. First, it should be

noted that this study is a retrospective single-center

study. Thus, we matched the patient variables between

the high and low AST/ALT groups using propensity

scoring, resulting in groups that were as well adjusted

for the analyses as possible. However, research should

be performed on a large scale using multicenter pro-

spective validation of UTUC groups. Second, the AST/

ALT ratio might have been biased by the presence of all

the undetected diseases or conditions (Li et al, medicine

or dermatomyositis) that affect serum AST or ALT

levels. Third, our study exclusively consisted of

Chinese patients; therefore, care must be taken when

applying our results in other racial groups. Finally, the

mechanism by which AST/ALT affects the survival of

patients should be further explored through basic studies

of the metabolism of UTUC cells. Despite these limita-

tions, we report that the preoperative serum AST/ALT

ratio was correlated with RFS, CSS and OS in patients

with UTUC.

Conclusion
This study showed that a high preoperative serum AST/

ALT ratio, which reflects tumor metabolism, is an inde-

pendent risk factor affecting RFS, CSS and OS of patients

before and after PSM, thus balancing the difference in

important variables that affect prognosis. AST and ALT

levels can be easily evaluated and monitored by routine

blood tests. This novel biomarker can help predict prog-

nosis and may help select candidates for neoadjuvant

chemotherapy or adjuvant chemotherapy for UTUC

patients.
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