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Abstract

Aim: Pancreatic ductal adenocarcinoma (PDAC) has a poor prognosis. This study aimed to evaluate the AST/ALT (De Ritis) ratio as a prognostic 
biomarker in patients undergoing pancreaticoduodenectomy for PDAC.

Methods: Clinical and pathological data of 222 PDAC patients who underwent pancreaticoduodenectomy between November 2010 and 
December 2018 were retrospectively analyzed. The prognostic value of the De Ritis ratio was assessed using ROC curve analysis. Kaplan–Meier 
and Cox regression models were used to evaluate their impact on disease-free survival (DFS) and overall survival (OS).

Results: 123 patients were analyzed (mean age: 63.48 ± 10.28 years; 43.1% female). The optimal AST/ALT threshold for survival prediction 
was 0.66. Patients with a higher De Ritis ratio had significantly shorter median DFS and OS (p=0.025 and p=0.048, respectively). Multivariate 
analysis identified advanced age (p<0.001), absence of chemotherapy (p<0.001), recurrence (p=0.003), prolonged hospital stay (p=0.016), 
positive surgical margins (p=0.012), and high metastatic lymph node count (p=0.006) as independent risk factors for lower OS. Similar factors 
also predicted shorter DFS.

Conclusion: The De Ritis ratio may serve as a prognostic factor in operable PDAC patients. If validated, it could be a simple, cost-effective 
tool for guiding surgical and neoadjuvant therapy decisions.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the cause of the 
fourth-highest cancer-related deaths worldwide, and the number 
of newly diagnosed patients is gradually increasing.1 Because 
the disease becomes symptomatic in the advanced stages and 
therefore delays the diagnosis, only 15–20% of patients have 
the opportunity to undergo surgery at the time of diagnosis. 
Most patients have local or distant metastases at the time of 
diagnosis. Accordingly, the 5-year survival rate is less than 8%.2,3 
Surgical resection followed by systemic chemotherapy remains 
the gold standard treatment. Despite advanced surgical and 
medical treatment methods, overall survival (OS) is quite low 
due to rapid local recurrence and systemic spread.4,5 Detailed 
preoperative risk assessment may improve treatment outcomes 
by optimizing patient selection for radical surgery.6 Therefore, 
there is a need for prognostic markers before surgery.

Despite recent advances in the identification of genetic, 
epigenetic, and molecular changes developed for use in 
preoperative risk assessment, the lack of standardization and 
expensive and/or time-consuming tests limit their routine use in 
daily clinical practice. Regularly used blood tests are relatively 
easy to evaluate without additional effort, making them 
attractive parameters for risk assessment.7

The ratio of aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) serum activities was first defined by 
Fernando De Ritis in 1957, and since then, the ratio between 
AST and ALT activities (AST/ALT) has been known as the De Ritis 
ratio.8 Aminotransferases, such as AST and ALT, are expressed 
by non-cancerous and cancerous cells in different cellular 
subdivisions and are strongly involved in cellular metabolism and 
cancer cell turnover.9 Alanine aminotransferase is involved in 
the “glucose-alanine cycle,” replacing alanine with pyruvate and 
strongly contributing to the replenishment of muscle-depleted 
glucose. Aspartate aminotransferase is required for aerobic 
glycolysis due to the displacement of nicotinamide adenine 
dinucleotide (NADH) within mitochondria. These transaminase 
reactions are especially important in muscle and liver cells 
but also in other cells with high metabolic activity.10 Both AST 
and ALT are easily measurable blood-based biomarkers that 
are routinely analyzed during preoperative preparation. Many 
studies conducted with solid tumors have reported that the AST/ 
ALT ratio is a biomarker associated with cancer prognosis. Tan 
et al. (2013) defined the De Ritis ratio as a suitable prognostic 
marker for cholangiocarcinoma, and it was associated with poor 
prognosis.11 Wu et al. (2019) reported in a metaanalysis involving 
9400 patients that a high pretreatment De Ritis ratio is a 
prognostic factor for overall survival, cancerrelated survival, and 
disease-free survival in solid tumors, such as renal cell cancer, 
urinary tract urethral carcinoma, bladder cancer, and liver 
cancer.12 In a retrospective study by Nishikawa et al. involving 109 
patients, the De Ritis ratio in urinary tract urothelial carcinoma 
was found to be a predictive factor independent of tumour-
node-metastasis (TNM) staging.13 Katzke et al. (2020) conducted 
a prospective randomized cohort study and showed that a high 
ratio of De Ritis before treatment increases mortality in all lung, 
prostate, breast, and colon-rectal cancers14 In addition, De Ritis 
has been proven to be a biomarker with a prognostic role in non-
malignant diseases, including cardiovascular-related deaths in 
diabetic patients.15

Although there are studies in the literature examining the 
relationship between AST/ALT ratio, disease-free survival (DFS) 

time in advanced pancreatic cancer, and chemotherapy response 
1,16 , no study examining its possible relationship with the survival 
time in operable PDAC was found. This study aimed to examine 
the AST/ALT ratio, which can be a potential biomarker in 
determining survival time in pancreatic adenocarcinoma, which 
is one of the most important causes of death and morbidity 
worldwide.

Materials and Methods

After obtaining permission from the Gazi University Clinical 
Research Ethics Committee, the records of 222 patients who 
underwent pancreaticoduodenectomy and lymph node dissections 
for pancreatic adenocarcinoma at the Gazi University Faculty 
of Medicine General Surgery Clinic between November 2010 
and December 2018 were analyzed retrospectively. Patients 
with metastatic disease at the time of diagnosis, patients who 
received pre-operative chemotherapy (CT) or radiotherapy (RT), 
patients who had chronic liver disease or inflammatory disease, 
and patients whose data could not be accessed were not included 
in the study.

In addition to demographic characteristics, such as age and 
gender, comorbidity, tumor diameter, tumor differentiation, TNM 
stage, T stage, N stage, albumin, carbohydrate antigen 19-9 
(CA19-9) value, AST and ALT values, postoperative chemotherapy 
and/or radiotherapy, surgical margin (R0/ R1) status, presence 
of postoperative complications, and clinicopathological features, 
such as disease-free and overall survival (OS) times, were 
recorded. The tumor stage was determined according to the 
eighth edition of the International Union for Cancer Control 
(UICC).17 Follow-up examinations were performed every 3 
months until 2 years after surgery and every 6 months after 2 
years. Contrast-enhanced computed tomography sections (CT), 
biochemistry tests, carcinoembryonic antigen (CEA), and CA 19-9 
tumor markers were evaluated in the follow-up examinations. 
The time between the day of surgery and the date of death was 
considered the survival time. The serum values of albumin, AST, 
ALT, and CA-19-9 were measured with a biochemical analyzer 
(Siemens 5600, Germany) according to the manufacturer’s 
instructions. The cut-off value was also calculated according 
to the ROC curve. The patients were divided into two groups 
according to high and low rates, according to a De Ritis ratio of 
0.66 as the cutoff value.

Ethical Approval
This study was obtained from the Ethics Committee of Gazi 
University (Date: 09.06.2021, Decision No: 593).

Statistical Analysis
The research data were evaluated using the SPSS 22.0 statistical 
package program. Descriptive statistical methods (mean, 
standard deviation, median, frequency, percentage, minimum, 
and maximum) were used to evaluate the study data. 

The conformity of the variables to the normal distribution 
was examined by visual (histogram) and analytical methods 
(Kolmogorov-Smirnov/Shapiro-Wilk). The DFS time and OS 
time of the patients were compared with the AST/ALT ratio. 
The Kaplan-Meier test was used for survival analysis. The Cox 
regression model was used for univariate and multivariate 
analyses. The statistical significance value was accepted as 
p<0.05.

Reporting Guidelines
The study was reported in accordance with STROBE guidelines.
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Results

Detailed clinicopathological features of the 123 patients 
included in the study are shown in Table 1. The mean age of 
the patients was 63.48 ± 10.28 years; 83 (67.3%) were under 
the age of 70, and 53 (43.1%) were women. While 50.4% of the 
patients had concomitant chronic diseases, 23.6% had more 
than one additional disease. While complications were observed 
in 39.8% of the patients, the most common complications were 
intraabdominal abscess, hemorrhage, pancreatic fistula, biliary 
fistula, and gastric delayed emptying. Eighty-three point seven 
percent of the patients received adjuvant chemotherapy, and 
47.2% received adjuvant radiotherapy. The median value of 
hospital stay was 17.3 ± 12.5. The mean tumor diameter was 3.1 
± 1.54 cm. While surgical margins were negative in 65% of the 
patients, the median value of the number of dissected metastatic 
lymph nodes was 3.2 ± 10.8. While recurrence was observed in 50 
patients (40.7%), the median DFS time was 18.4 ± 17.3 months. 
It was confirmed at the last follow-up that 60.9% of the patients 
died. The median OS time was 22.2 ± 18.1 months. The mean 
values of AST, ALT, and AST/ALT ratio before surgery were 75.6 
± 64.9, 93.3 ± 87.4, and 1.0 ± 0.4 U/L, respectively.

The optimal threshold value for the AST/ALT ratio for survival 
prediction by ROC analysis was 0.66 (Table 2). The patients 
were divided into two groups according to the AST/ALT ratio: 
Group 1 < 0.66 (n = 36) and Group 2 ≥ 0.66 (n = 86). The 
clinicopathological variables of the patients according to the 
AST/ALT ratio are shown in Table 1. A high AST/ALT ratio was 
found to be statistically significantly associated with advanced 
age (p=0.003), high albumin level (p=0.007), and prolonged 
hospital stay (p=0.010).

ROC analysis was performed to measure the effectiveness of 
AST/ALT value in predicting mortality. According to this analysis, 
the area under the curve (AUC) was found to be 0.633 [AUCROC 
(95% CI): 0.633(0.520–0.747), p=0.019]. The sensitivity and 
specificity for the cut-off value of AST/ALT value ≥ 0.66 were 
80.2% and 48.6%, respectively (Figure 1).

The median DFS and OS times were found to be lower in the 
patient group with a higher De Ritis rate (p<0.025 and p<0.048, 
respectively) (Figure 2 and Figure 3). The median OS duration of 
patients with a high AST/ALT ratio was 6 months shorter than 
patients with a low AST/ALT ratio (19 vs. 25 months). Similarly, 
the median DFS duration of patients with a high AST/ALT ratio 
was 7 months shorter (13 vs. 20 months) than patients with a 
low AST/ALT ratio (Table 3).

According to the univariate analysis results, a high AST/ ALT ratio 
(p=0.048), advanced age (p<0.001), presence of complications 
(p=0.003), no chemotherapy (p<0.001), low albumin value 
(p=0.004), prolonged hospital stay (p=0.019), a positive surgical 
margin (p=0.003), and a high number of metastatic lymph nodes 
(p=0.008) were associated with reduced overall survival times 
(Table 3). Similarly, a high AST/ ALT ratio (p=0.025), advanced 
age (p<0.001), presence of complications (p<0.001), failure to 
receive chemotherapy treatment (p<0.001), low albumin value 
(p=0.002), prolonged hospital stay duration (p=0.018), positive 
surgical margin (p=0.002), and high number of metastatic lymph 
nodes (p=0.017) were associated with DFS (Table 3).

According to the results of multivariate analysis, advanced age 
(p<0.001), not receiving chemotherapy (p<0.001), presence of 
recurrence (p=0.003), prolonged hospital stay (p=0.016), positive 
surgical margin (p=0.012), and high number of metastatic lymph 
nodes (p=0.006) were found to be independent risk factors 

Figure 1. ROC curve graph of AST/ALT value of research participants

Figure 2. The effect of De Ritis on disease free survival

Figure 3. The effect of De Ritis on overall survival
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for low OS time (Table 3). Similarly, advanced age (p<0.001), 
inability to receive chemotherapy (p<0.000), prolonged hospital 
stay (p=0.028), positive surgical margin (p=0.031), and high 
number of metastatic lymph nodes (p=0.016) were found to be 
independent prognostic factors for DFS (Table 3).

Discussion

In this study, the prognostic significance of the pretreatment 
AST/ALT (De Ritis) ratio was evaluated in patients who underwent 

pancreaticoduodenectomy for pancreatic adenocarcinoma. 
In our study, the cut-off value for the De Ritis ratio was 0.66. 
According to this cut-off value, it was shown that the DFS and 
OS times of the patients in the group with a high pre-treatment 
De Ritis ratio were lower than those of the patients in the group 
with a low De Ritis ratio.

Data on the prognostic role of the AST/ALT ratio in pancreatic 
adenocarcinoma are limited. To date, only a few studies have 
examined the prognostic role of the AST/ALT ratio in pancreatic 

Table 1. The relationship between the descriptive characteristics of the individuals participating in the research and the AST/ALT group
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adenocarcinoma. Riedl et al. (2020) showed that a high serum 
De Ritis ratio before gemcitabine/nab-paclitaxel therapy in 
202 patients with advanced PDAC was significantly associated 
with reduced disease-free survival, overall survival, and time to 
progression-free survival (PFS). In addition, they showed that a 
high De Ritis ratio was a strong predictor of a poor response to 
combination chemotherapy with gemcitabine/nabpaclitaxel. In 
conclusion, they suggested that the ratio of De Ritis could be 
an easy and new mediator factor that can be used to predict 
prognoses for patients with advanced PDAC.16 Another study 
evaluating the results of 191 patients with locally advanced 
and metastatic pancreatic cancer showed that neutrophils, 
lymphocytes, platelets, CA19-9, total bilirubin, albumin, and 
alkaline phosphatase, together with the De Ritis ratio, were 
independent prognostic markers.1 The results of our study were 
similar to the results of studies suggesting that the De Ritis 
ratio is a prognostic factor in patients with PDAC. Contrary to 
these studies, our study investigated the prognostic significance 
of the De Ritis ratio in non-advanced patients who underwent 
pancreaticoduodenectomy, unlike studies investigating the 

prognostic effect of the De Ritis ratio in advanced pancreatic 
cancer. The recommendation of the De Ritis ratio as a prognostic 
marker in operable PDAC increases the clinical importance of our 
study.

ALT is involved in the “glucose-alanine cycle,” replaces alanine 
with pyruvate, and strongly contributes to the replenishment of 
muscle-depleted glucose.10 Aspartate aminotransferase plays 
an important role in aerobic glycolysis in mitochondria via the 
malate-aspartate shuttle and nicotinamide adenine dinucleotide 
hydrogen (NADH) produced in the cytoplasm.18 Warburg 
suggested that aerobic glycolysis, in which AST plays an active 
role, increases in cancer cells compared to normal cells and that 
biochemical markers based on this theory can be used to predict 
prognosis.19 In our study, the high De Ritis ratio due to increased 
AST levels in patients with PDAC can be explained by Warburg’s 
theory.

The mechanisms underlying the relationship between AST and 
ALT in cancer metabolism are not fully understood. Aspartate 
aminotransferase is widely expressed in different tissue types, 
while ALT is thought to be more specific to the liver.10 Pathological 

Table 2. Survival rates of patients according to De Ritis

Table 3. Univariate and multivariate Cox regression analyses of prognostic factors for overall and disease-free survival
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processes associated with higher proliferation, tissue damage, 
and tumor cell turnover may lead to a stronger increase in AST 
compared to ALT. In vitro experiments have revealed that ALT 
levels are decreased in more invasive cells compared to less 
invasive cancer cells. It is thought that this decrease in serum 
ALT levels may be due to the result of improved metabolism and 
increased consumption of ALT in aggressive cancer cells.20 The 
serum levels of AST and ALT can be affected by many factors, 
such as chronic hepatitis, coronary heart disease, impaired 
kidney function, and certain medications. Therefore, the use 
of numerical values alone to directly predict cancer prognosis 
has low sensitivity and specificity. Instead, we think that the 
combination of AST and ALT is more appropriate as a composite 
parameter. The highly invasive nature of PDAC can be explained 
by our results, the high De Ritis ratio, and the effect of ALT levels 
on cancer metabolism. Considering all these data, our results 
showed that the De Ritis ratio in patients with PDAC could be an 
attractive potential biomarker in clinical follow-up. In this study, 
age, inability of the patient to receive chemotherapy, relapse of 
the disease, prolonged hospital stay, positive surgical margin, 
and a high number of metastatic lymph nodes were found to be 
independent prognostic markers in operable pancreatic cancers. 
However, the small number of patients and the retrospective 
analysis of the data can be cited as limitations of our research. 
To reveal the usefulness of the De Ritis ratio as a biomarker, a 
longer-term study in a larger population should be conducted 
with a prospective design.

Limitations
This study has several important limitations. Due to its 
retrospective design, the collection of data retrospectively may 
introduce certain biases and missing information. Additionally, the 
limited sample size restricts the generalizability of the findings. 
Since our study was conducted at a single center, multicenter 
studies are needed to validate the results. Finally, comprehensive 
prospective studies that include other biochemical and genetic 
markers are necessary to better elucidate the prognostic role of 
the De Ritis ratio.

Conclusion

The De Ritis ratio can be used as a prognostic factor in patients 
with PDAC who are considered operable. To reveal the usefulness 
of the De Ritis ratio as a biomarker, longer-term studies in a 
larger population should be conducted with a prospective design. 
If confirmed by additional studies, the De Ritis ratio can be used 
as a simple and inexpensive marker for prognosis in the decision 
of surgery or neoadjuvant chemoradiotherapy.
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