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Purpose: Due to the lack of early-stage detection, pancreatic cancer (PC) remains 
a devastating disease worldwide. Lactate dehydrogenase (LDH) is associated with tumor-
igenesis and cancer progression. This study aims to analyze the diagnostic improvements in 
serum LDH levels combined with other common tumor biomarkers, including carbohydrate 
antigen 19–9 (CA19–9) and carcinoembryonic antigen (CEA), for monitoring PC.
Patients and Methods: A retrospective analysis was performed on 73 patients with newly 
diagnosed PC, 90 patients with pancreatic benign diseases (PBD), and 92 people with 
healthy physical examination (HPE) at Zhongda Hospital, Southeast University from 
July 2013 to July 2020. The diagnostic efficiencies of serum levels of LDH, CA19–9, and 
CEA were analyzed through receiver operating characteristic (ROC) curves for PC. The 
sensitivity and specificity were evaluated at an optimal cutoff. The prognostic impacts of 
LDH on PC patients were also assessed.
Results: The LDH level was elevated in 21 (28.77%) patients with PC, 3 (3.33%) PBD 
patients, and no HPE individuals (P<0.05). The sensitivities of LDH, CA19–9, and CEA for 
the diagnosis of PC were 63.0%, 78.1%, and 72.6%, respectively, but the combination of 
these three markers increased predictive sensitivity significantly to 87.6%. The specificities 
of LDH, CA19–9, and CEA for the diagnosis of PC were 93.4%, 84.1%, and 73.1%, 
respectively. The combined specificity reached up to 96.7%. The medium survival time of 
PC patients with low-level LDH was 21 ± 5.1 months, whereas that of patients with high- 
level LDH was only 7 ± 0.92 months (P<0.05).
Conclusion: The serum LDH level was higher in PC patients than in PBD patients and HPE 
individuals and was associated with a poor prognosis. The combined assessment of LDH, 
CEA, and CA19–9 showed higher sensitivity and specificity for the diagnosis of PC.
Keywords: pancreatic cancer, lactate dehydrogenase, diagnosis

Introduction
Pancreatic cancer (PC) is among the worst of all cancer maladies, as the tenth most 
commonly diagnosed cancer in the USA and the fourth most common cause of all 
cancer-related deaths.1,2 The 5-year survival rate of PC patients is the lowest for all 
cancer types, at approximately 9%.1 At the time of diagnosis, nearly 80% of PC patients 
have already reached an advanced disease stage, which is often past the window for 
treatment efficacy, resulting in a high mortality rate.3 The lack of accurate detection tests 
capable of identifying early-stage PC is a primary underlying contributor to poor 
prognosis in patients with PC.

Currently, the diagnosis of PC is hugely dependent on the detection of tumor 
biomarkers and imaging features. Carbohydrate antigen 19–9 (CA19–9) and 
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carcinoembryonic antigen (CEA) are common biomarkers 
for PC. Although CA19–9 has satisfactory specificity for 
differentiating benign from malignant pancreatic tumors, 
CA 19–9 has poor sensitivity4 and can also be elevated in 
hepatobiliary cancers and benign biliary obstruction.5 

Furthermore, imaging is an important component of PC 
diagnosis;6 however, each imaging modality has different 
advantages and disadvantages, which can require costly 
equipment and specialists. Histological diagnosis often 
requires invasive operations, such as biopsy obtained by 
endoscopic ultrasonography-guided fine-needle aspiration 
(EUS-FNA). Therefore, the accurate diagnosis of PC 
patients based on radiological features and CA19–9 has 
thus far been unsatisfactory.

Compared with normal cells, cancer cells will switch 
from oxidative phosphorylation to increased glycolysis in 
the absence of sufficient oxygen,7 which is also called the 
“Warburg effect.” Lactate dehydrogenase (LDH) is 
a central player in the Warburg effect, and elevated LDH 
levels in many cancer cell types have been associated with 
the growth, maintenance, and invasion of cancer cells, as 
demonstrated in Figure 1. Many studies have indicated the 
importance of this potential biomarker in cancer diagnosis 
and prediction and have suggested LDH as a potential 
therapeutic target in cancer.8–10 As a prognostic biomarker, 
LDH is elevated in multiple cancers and has been asso-
ciated with poor survival.11–17

The combination of CA19–9 with either CEA or car-
bohydrate antigen 125 (CA125) can improve the specifi-
city and sensitivity of PC diagnosis for PC, respectively.18 

However, whether analyzing each test individually or ana-
lyzing the tests in combination leads to better PC diagnos-
tic outcomes remains unclear based on currently available 
studies. With the aim of improving the sensitivity and 
specificity of PC diagnosis, this study evaluated the accu-
racy of evaluating serum LDH levels together with the 
common tumor biomarkers CA19–9 and CEA.

Patients and Methods
Study Population
A retrospective study was performed, including consecu-
tive patients with newly diagnosed PC or pancreatic 
benign diseases (PBD) who were admitted to Zhongda 
Hospital, Southeast University, in addition to healthy indi-
viduals recruited from the outpatient department, from 
July 2013 to July 2020. The inclusion criteria were as 
follows: 1) PC patients were confirmed by 

histopathological resection and fine-needle aspiration 
cytology, without receiving any chemotherapy, radiother-
apy, molecular targeted therapy, or immunotherapy before 
surgery; 2) patients with newly diagnosed PBD, including 
benign pancreatic tumor, intraductal papillary mucinous 
neoplasm (IPMN), pancreatic pseudocyst, and chronic 
pancreatitis; and 3) healthy physical examination (HPE) 
individuals included all eligible volunteers without any 
pancreatic diseases or malignant tumors. The exclusion 
criterion was patients with a prior history of any other 
malignant tumor. All patients signed informed consent 
forms. The study was approved by the ethics committee 
of Zhongda Hospital, Southeast University and followed 
a study protocol that protected the private information of 
enrolled patients, in accordance with the provisions of the 
Helsinki Declaration.

Measurement of Markers in Blood 
Samples
A volume of 5 mL fasting peripheral venous blood was 
collected from each patient during the first 24 hours of 
admission, which was processed using routine centrifuga-
tion at 4°C to separate the serum. LDH catalyzes the 
reaction: L-lactate + Nicotinamide adenine dinucleotide 
(NAD+) in equilibrium with pyruvate + NADH. The reac-
tion was monitored by measuring the increase in NADH at 
340 nm using a Beckman Coulter AU680, according to the 
manufacturer’s protocol. Serum LDH levels were calcu-
lated based on the rate method, using the International 
Federation of Clinical Chemistry-recommended proce-
dure. In our hospital, the normal range for serum LDH is 
120–250 U/L; thus, serum LDH level >250 U/L is con-
sidered to be high. CA19–9 levels in serum were measured 
according to the principle of the double antibody sandwich 
method using an automatic electrochemiluminescence 
immunoassay system (purchased from Roche). The normal 
range for serum CA19–9 is 0–39 U/mL, such that serum 
CA19–9 level >39 U/L is considered to be high. 
According to the manufacturer’s protocol, the serum 
CEA level was detected using a chemiluminescent immu-
noassay (purchased from Roche), which has a normal 
reference value in the range of 0–5 µg/L.

Data Collection
Basic data were collected, including demographic informa-
tion (such as age and sex). Tumor characteristics, including 
primary tumor site, tumor size, tumor type, differentiation 
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stage (well, moderate, or poor), tumor (T) status, lymph 
node (N) status, and tumor, node, metastasis (TNM) stages 
were reviewed and analyzed according to the detailed 
descriptions on each patient’s pathology report.

Statistical Analysis
Statistical analysis was conducted using SPSS 25.0 soft-
ware. The normally distributed data were analyzed using 
t-tests, and the categorical data were analyzed using chi- 
square tests. The mean levels of biomarkers were com-
pared using analysis of variance (ANOVA). The discrimi-
natory abilities of LDH, CA19–9, CEA, and various 
combinations of these factors were assessed using receiver 

operating characteristic (ROC) curves. In addition, the 
area under the curve (AUC), sensitivity, and specificity at 
an optimal cutoff value were evaluated after minimizing 
the total prediction error with MedCalc software. The 
survival time was estimated by Kaplan–Meier analysis. 
The survival differences between groups were compared 
using the Log rank test. P<0.05 was considered significant.

Results
Clinical Characteristics
A total of 73 patients with newly diagnosed PC were 
enrolled as the experimental group in this study, and 
their tumor characteristics are provided in Table 1. 

Figure 1 Scheme of the relationships among LDH, Warburg effect, and cancer cells. 
Abbreviation: LDH, lactate dehydrogenase.
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Additionally, 90 patients with newly diagnosed PBD and 
92 HPE individuals were selected as control groups. 
Among patients with newly diagnosed PBD, 15 cases 
were benign pancreatic tumors, 56 were IPMN, 10 were 
pancreatic pseudocysts, and 9 were chronic pancreatitis. 
The demographic information for the experimental and 
control groups is presented in Table 2. The average ages 
of the PC, PBD, and HPE groups were 64.21 ± 8.82, 63.98 
± 15.06, and 58.14 ± 10.99 years, respectively. No sig-
nificant differences in age or sex were observed between 
groups. Information regarding the treatments administered 
to the PC patients is listed in Table 3. Interestingly, by 

performing qualitative analysis, relying on the normal 
reference value (120–250 U/L), 28.77% of patients with 
PC were preliminarily found to have elevated LDH levels 
(>250 U/L); however, only 3.33% of PBD patients and 
none of the HPE individuals had elevated LDH levels, 
indicating that the frequency of elevated LDH was higher 
among PC patients than PBD patients and HPE individuals 
(P < 0.05). Unsurprisingly, compared with HPE indivi-
duals, more PC patients and PBD patients presented with 
elevated CA19–9 and CEA levels, especially PC patients.

Comparisons of LDH, CA19–9, and CEA 
Levels in Patients
Furthermore, the levels of LDH, CA19–9, and CEA were 
compared through quantitative analysis in patients with PC, 
patients with PBD, and HPE people. As listed in Table 4, the 
serum LDH level in PC patients was higher than those in 
both PBD patients and HPE individuals (P < 0.05). The 
results also demonstrated that serum levels of CA19–9 
were higher in both PC patients and PBD patients than in 
HPE individuals (P < 0.05), and the level of CA19–9 in PC 
patients was higher than that in PBD patients (P < 0.05). 
Similar results were observed for CEA levels. Among the 
three groups, the CEA level significantly increased in the 
ascending order of HPE individuals, PBD patients, and PC 
patients (P < 0.05). Moreover, Figure 2 shows that the LDH 
levels in PC patients at Stage III/IV were significantly higher 
than those of patients at Stage I/II (P = 0.002).

Diagnostic Accuracy for PC When Using 
Individual Markers and Combinations of 
LDH, CA19–9, and CEA
To investigate the diagnostic accuracy of serum LDH for 
PC, we generated an ROC curve, as shown in Figure 3, 
and determined the diagnostic efficiency, shown in 
Table 5, of using individual markers and combinations of 
predictors. The individual AUC values for LDH, CA19–9, 
and CEA were 0.815 ± 0.036, 0.821 ± 0.036, and 0.784 ± 
0.035, respectively. When LDH was combined with the 
common tumor biomarkers CA19–9 and CEA, the AUC 
reached as high as 0.874 ± 0.029. The thresholds estab-
lished for LDH, CA19–9, and CEA for the diagnosis of PC 
were 209 U/L, 29.63 U/L, and 2.99 ng/mL, respectively. 
The sensitivities of LDH, CA19–9, and CEA for the diag-
nosis of PC were 63.0%, 78.1%, and 72.6%, respectively; 
however, a noteworthy increase was observed when using 

Table 1 Tumor Characteristics of Pancreatic Cancer

Tumor Characteristics Numbers

Primary tumor site Head or neck (%) 40 (54.8%)

Body or tail (%) 31 (42.5%)

Other (%) 2 (2.7%)

Tumor size Mean (cm) 3.68±2.85

Tumor type Ductal adenocarcinoma 
(%)

65 (89.0%)

Other (%) 8 (11.0%)

Tumor status (T) 1 (%) 12 (16.4%)

2 (%) 14 (19.2%)

3 (%) 9 (12.3%)

4 (%) 38 (52.1%)

Lymph node status 

(N)

0 (%) 33 (45.2%)

1 (%) 31 (42.5%)

2 (%) 7 (9.6%)

Not clear (%) 2 (2.7%)

Metastasis (M) 0 (%) 36 (49.3%)

1 (%) 37 (50.7%)

Tumor stage I (%) 16 (21.9%)

II (%) 12 (16.4%)

III (%) 8 (11.0%)

IV (%) 37 (50.7%)

Differentiation Poor (%) 20 (27.4%)

Moderate (%) 49 (67.1%)

Well (%) 4 (5.5%)
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the combined predictors, with a sensitivity of 87.6%. The 
specificities of LDH, CA19–9, and CEA for the diagnosis 
of PC were 93.4%, 84.1%, and 73.1%, respectively. When 
LDH was combined with CA19–9 and CEA, the specifi-
city for PC diagnosis reached as high as 96.7%.

Overall Survival of PC Patients with Low 
or High Levels of LDH
PC patients were divided into two groups based on the 
defined threshold (209 U/L) for LDH. Information regarding 
the treatment of PC patients is shown in Table 3. As shown in 
Figure 4, the medium survival time of PC patients with low 
LDH levels (below the threshold value of 209 U/L) was 21 ± 
5.1 months, whereas that for patients with high LDH levels 
was only 7 ± 0.92 months (P < 0.05). High levels of LDH in 
PC patients significantly contributed to poor prognosis.

Discussion
Our findings in this study revealed that the serum LDH 
levels of PC patients were higher than those of patients 
with PBD and HPE individuals. A significant association 
was also found among LDH levels, tumor stages, and poor 
prognosis. When LDH was combined with the common 
tumor biomarkers CA19–9 and CEA, the sensitivity and 
specificity of PC diagnosis significantly increased, improv-
ing diagnostic accuracy.

The low 5-year survival rate of PC highlights the necessity 
of developing more accurate diagnostic techniques.19 CA19–9 
is the only marker that has been approved by the United States 
Food and Drug Administration for use in the routine manage-
ment of PC.20 CEA can supplement CA19–9 with a specificity 
of 84%.21 CA125 has encouraging sensitivity and specificity 
for the diagnosis of PC when combined with CA19–9.22 

Studies have reported that members of the mucin family, 
such as MUC1 and MUC4, glypican, fibroblasts, complement 
C3, complement C4, and apolipoprotein, could be used as 
indicators for PC diagnosis, prognosis prediction, and recur-
rence monitoring.23 However, most of these remain in the 
experimental stage due to the complexity of detection or the 
lack of internationally standardized cutoff points.24 Imaging 
modalities used in PC diagnosis may fail to detect early lesions 
or be unable to distinguish between benign and malignant 
lesions.25 However, the analysis of tumor-associated markers 
in blood cells is a simple and easy technique that can be 
performed at most hospitals; therefore, identifying cheaper 

Table 2 Baseline Characteristics of Experimental Group and Control Groups

Characteristics Experimental Group Control Group p

PC (N=73) PBD (N=90) HPE (N=92)

Gender Male (%) 52 (71.23%) 60 (66.67%) 66 (71.74%) 0.759

Female (%) 21 (28.77%) 30 (33.33%) 26 (28.26%)

Age (year) Mean 64.21±8.82 63.98±15.06 58.14±10.99 0.903

LDH (U/L) ≤250 52 (71.23%) 87 (96.67%) 92 (100%) 0.000*

>250 21 (28.77%) 3 (3.33%) 0 (0%)

CEA (ng/L) ≤5 37 (50.69%) 81 (90.00%) 87 (94.57%) 0.000*

>5 36 (49.31%) 9 (10.00%) 5 (5.43%)

CA19–9 (U/mL) ≤39 20 (27.40%) 70 (77.78%) 86 (93.48%) 0.000*

>39 53 (72.60%) 20 (22.22%) 6 (6.52%)

Note: * < 0.05. 
Abbreviations: PC, pancreatic cancer; PBD, pancreatic benign disease; HPE, healthy physical examination; LDH, lactate dehydrogenase; CA19–9, carbohydrate antigen 19– 
9; CEA, carcino-embryonic antigen.

Table 3 Treatments for Patients with Pancreatic Cancer

Treatment Numbers (%)

No special treatment 10 (13.70%)

Surgery 25 (34.25%)

Intravenous chemotherapy 15 (20.55%)

Surgery+chemotherapy 10 (13.70%)

Radioactive iodide placement 3 (4.11%)

Others 10 (13.70%)
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and more accurate serum biomarkers can improve the current 
unsatisfactory PC diagnostic outcomes.

LDH is a tetrameric enzyme comprised of two types of 
subunits: LDHA (muscle-type, M subunit) and LDHB 
(heart-type, H subunit).23 LDHA is the primary form found 
in skeletal muscle, which converts pyruvate to lactic acid. 
According to the Warburg effect, glycolysis is more active in 
tumor cells than in normal cells. The level of LDHA is higher 
in human tumor cells than in normal tissue,26 and the knock-
down of the LDH gene can attenuate glycolysis and inhibit 
tumor cell progression.27 LDH has been suggested as 
a potential diagnostic biomarker for malignant tumors. In 
breast cancer, gynecological cancer, non-Hodgkin lym-
phoma, lung cancer, and esophageal squamous cell cancer 
patients, higher levels of serum LDH have been detected.8–11 

LDHA overexpression was detected throughout the tumor 
process in nearly all cell lines tested. High levels of LDHA 
may have a marked adverse influence on patient survival. In 
addition, the activity of alcohol dehydrogenase (ADH) class 
III isoenzymes in cancerous tissues is approximately and 
significantly 30% higher than that in healthy tissues.28 

Jelski et al reported that the expression of class III ADH 
isoenzymes was reflected in the serum of patients with 
PC,29,30 whereas other types of ADH isoenzymes (I, II, IV) 
showed no significant change in either pancreatic tissue or 
serum. The release of class III ADH isoenzymes from cancer 
cells causes the total ADH activity to significantly increase. 
Our results revealed that in the serum of PC patients, which is 
easy to obtain, the level of LDH was higher than those in both 

Table 4 Serum Level of LDH, CA19–9, and CEA in PC Patients, PBD Patients and HPE People

Groups LDH (U/L) CA19–9 (U/mL) CEA (ng/L)

PC 218 (184–270) 156.50 (35.12–913.85) 4.96 (2.52–12.25)

PBD 179 (155–200) 13.38 (7.09–30.96) 2.13 (1.30–3.71)

HPE 178 (160–191) 8.99 (5.12–14.18) 1.91 (1.18–2.69)

P 0.000 0.000 0.000

P1 <0.050 <0.050 <0.050

P2 <0.050 <0.050 <0.050

P3 0.687 <0.050 <0.050

Note: P1, PC vs PBD; P2, PC vs HPE; P3, PBD vs HPE. 
Abbreviations: PC, pancreatic cancer; PBD, pancreatic benign disease; HPE, healthy physical examination; LDH, lactate dehydrogenase; CA19–9, carbohydrate antigen 19– 
9; CEA, carcino-embryonic antigen.

Figure 2 Levels of LDH in PC patients with Stage I/II or Stage III/IV disease. 
Abbreviations: LDH, lactate dehydrogenase; PC, pancreatic cancer.

Figure 3 ROC for the diagnostic efficiency of serum LDH, CEA, and CA19–9, both 
individually and combined, for PC testing. 
Abbreviations: ROC, receiver operating characteristic curves; LDH, lactate dehy-
drogenase; CA19–9, carbohydrate antigen 19–9; CEA, carcinoembryonic antigen; 
PC, pancreatic cancer.
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HPE individuals and PBD patients, which is consistent with 
the findings reported for other cancers. When LDH was 
combined with the common biomarkers CA19–9 and CEA, 
the specificity for PC diagnosis significantly increased to 
96.7%, and the sensitivity increased to 87.6%. Furthermore, 
our results demonstrated that serum LDH levels could act as 
a useful predictor of estimated survival.

Our study has some limitations. First, the number of PC 
patients was small. Second, we did not compare the levels of 
LDH in cancer tissues and with that in normal healthy tissue. 
The relationship between cancerous cells and the release of 
serum LDH has not been clarified clearly. Finally, the sensi-
tivity of serum LDH was lower than that of the traditional 
marker (CA19–9), although the specificity of LDH was 

higher than those of CA19–9 and CEA. Additional prospec-
tive research in a larger patient sample remains necessary to 
improve the diagnostic accuracy of PC.

Conclusion
In conclusion, serum LDH levels were higher in PC patients 
than in PBD patients and HPE individuals. The test com-
bining LDH, CEA, and CA19–9 had higher sensitivity and 
specificity, which may improve the diagnosis of PC.

Disclosure
The authors report no conflicts of interest in this work.
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