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ABSTRACT
Introduction: The extensive desmoplastic microenvironment, essential for tumor growth, invasion, metastasis, 

angiogenesis, immunosuppression, and chemoresistance, is thought to be the cause of PDAC's high aggressiveness. 

Since tumor cells' energy metabolism differs from that of normal cells and is mostly based on aerobic glycolysis, fatty 

acid oxidation, and glutaminolysis, it is regarded as one of the distinguishing characteristics of cancer. As a result, a 

deeper comprehension of the intricate molecular traits of pancreatic cancer is required. There is mounting evidence 

that alterations in serum enzyme levels are crucial for the initiation and spread of cancer. Before and after 

chemotherapy, cancer patients have a variety of biochemical serum enzyme indicators, including Lactate 

Dehydrogenase (LDH), Adenosine Deaminase (ADA), Gamma-Glutamyl Transferase (GGT), amylase, and lipase 

imbalance. The meticulous monitoring of variations in serum enzyme marker levels greatly influenced the prognosis 

of the disease.

Materials and methods: We have included 500 pancreatic cancer patients (test group), regardless of age or 

gender, who were enrolled at "The Cancer Institute" in Adyar, Chennai, Tamil Nadu between 2016 and 

2020. Hospital staff, age-matched, non-alcoholic, non-diabetic, voluntary blood donors, and a total of 100 

healthy volunteers served as the study's control group.

Result and discussion: Males are more likely than females to contract the sickness (3:2), and the risk rises with age 

(>61-80). Based on current research, it appears that aberrant metabolism leading to changes in serum enzyme levels is 

a significant factor in PDAC patients. Serum enzyme panel levels have shown severe abnormalities in PDAC 

patients (P<0.05), indicating a compromised physiological state. The level of these enzyme biomarkers significantly 

decreased following three consecutive rounds of chemotherapy (1st, 2nd, and 3rd), demonstrating the 

potential of the chemotherapy medications. According to our research, combination chemotherapy the 

administration of many medications is a promising treatment option for pancreatic cancer.
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MATERIALS AND METHODS
100 healthy volunteers, including non-alcoholic, non-diabetic, 
age-matched voluntary blood donors, and hospital staff, were 
used as material for a study group and control group in this 
study, out of the 500 patients (of which 200 were female and 
300 were male) who were diagnosed with pancreatic carcinoma 
and who visited the OP department of the Cancer Institute, 
Adyar. Under the standards outlined in the declaration of cancer 
institute, venous blood samples from patients with pancreatic 
cancer were collected from the portal venous. All patients 
participating in this work have family members who have given 
their consent. The Cancer Institute's Ethics Committee gave its 
approval to the study (Reference no.: IEC/ 2021/Aug 07). Prior 
to any action, each participant provided signed, informed 
permission.

Sample collection

Following an overnight fast, 10 ml of venous blood was drawn 
from the pancreatic cancer patients' portal veins at the time of 
diagnosis (before chemotherapy) and once within 30 days of 
treatment (post-chemotherapy). The samples were placed in a 
plain vacuum sealed tube without the use of an anticoagulant, 
and they were repeated twice after chemotherapy, each time for 
30 minutes. The serum was separated by cooling centrifugation 
at 3,000 rpm for 10 minutes after clotting at room temperature. 
Without delay, the transparent supernatant was moved to a 
different test tube and utilized for the examination of enzyme 
parameters.

Serum Lactate Dehydrogenase (LDH) assay

The fully automated approach for calculating serum Lactate 
Dehydrogenase (LDH) is provided, using the Biosystem BA400 
(Spain) system. Pyruvate is reduced by NADH to produce lactate 
and NAD+, and this process is catalyzed by Lactate Dehydrogenase 
(LDH). The catalytic concentration is measured calorimetrically 
and is derived from the rate at which NADH is reduced. The 
procedure is less costly than the majority of reported automated 
procedures, and the chemicals remain stable for a minimum of 
four weeks. A kinetic spectrophotometric approach and the results 
show good correlation [9].

Serum Adenosine Deaminase (ADA) assay

Giusti and Galanti, 1984 described a colorimetric approach for 
estimating the ADA assay: The Biosystem BA400 (Spain) 
completely automated method. The measurement of ammonia in 
a Berthelot reaction serves as its foundation [10]. When ADA 
and adenosine (the substrate) interact, ammonia is produced. The 
quantity of ADA required to release one µmol of ammonia per 
minute from the substrate under typical experimental conditions 
is the chemical definition of one unit of total ADA. To reduce 
ammonia residue, the in house kit's solutions were made with 
sterile bi-distilled water. The creation of blue color by indophenol 
was measured at 628 nm in the final chemical process. There 
were samples of both positive and negative controls.
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INTRODUCTION
As the seventh most common cause of cancer related deaths 
worldwide, pancreatic cancer is an incurable disease [1]. In 
India, there are 0.5–2.4 cases of pancreatic cancer for every 
100,000 men and 0.2–1.8 cases for every 100,000 women [2]. 
Pancreatic cancer is still a very aggressive malignancy with a high 
death rate, even with recent substantial advancements in 
treatment techniques. It is predicted that PDAC rates will rise 
soon because of changes in lifestyle both internationally and in 
India [3]. Aberrant serum enzyme synthesis is always the result 
of normal cells turning into cancer cells and abnormal cancer 
cell proliferation; this phenomenon can even be identified 
before changes in tumor morphology or the onset of clinical 
symptoms [4]. Compared to non-transformed cells, cancer cells 
have a different metabolism that produces enough biomaterials 
and energy for endless growth. Reprogrammed metabolism also 
plays a role in other malignant features such as resistant cell 
death and metastasis. According to Warburg's 1956 paper, one 
crucial component of cancer metabolism is accelerated 
glycolysis. Aberrant serum enzyme synthesis is always the result 
of normal cells turning into cancer cells and abnormal cancer 
cell proliferation. This phenomenon can even be detected before 
changes in tumor morphology or the onset of clinical 
manifestations, which is why the roles of abnormal serum 
enzymes in cancers are recently generating increasing interest 
and concern.

Common blood enzyme Lactate Dehydrogenase (LDH) is 
involved in the process of converting pyruvate into lactate and is 
essential for sustaining glycolysis, which is intimately linked to 
the development and spread of tumors. Due to its necessity for 
tumor maintenance, LDH has been thought to function as an 
indication of tumor burden and aggressiveness [5]. In the purine 
salvage route, adenosine is hydrolytically converted to inosine by 
the enzyme Adenosine Deaminase (ADA). This enzyme is 
crucial to preventing the buildup of harmful compounds during 
the fast cell division. It has been noted that ADA activity, a 
marker of accelerated DNA synthesis, is elevated in malignant 
tissue. Cancer patients had higher serum levels of ADA. Purine 
metabolism is facilitated by the polymorphic enzyme ADA, 
which is extensively dispersed throughout bodily fluids and 
tissues. Since ADA is necessary for lymphocyte maturation, 
proliferation, and differentiation, the most significant biological 
activity is therefore associated with lymphoid tissue and is 
specifically observed in T cells [6]. The role of GGT enzyme in 
hepatic and pancreatic diseases is well established. GGT-specific 
activities significantly alter in precancerous and cancerous 
phases of pancreatic tissues. GGT is released into the 
bloodstream as a result of pancreatic cell injury, which causes an 
increase in the cells' activity during the initial stages of 
cancerization [7]. Tissue specific expression of GGT is altered 
under a variety of pathologic and physiological circumstances, 
such as development and carcinogenesis. The pathophysiology 
and prognosis of pancreatic cancer may be significantly 
influenced by pancreatic enzymes. One often used standard test 
that can be achieved as a biological marker for acute pancreatitis 
is the detection of amylase in plasma [8].
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was employed. Next, to ascertain the difference between the 
groups, the student-t test, Mann-Whitney U test, Kruskal-Wallis 
test and Shapiro-Wilk test were employed; a P-value <0.05 was 
deemed statistically significant. The statistical software program 
SPSS® was used to perform the analyses (SPSS for windows 
version 12.0, SPSS Inc., Chicago, Illinois, USA).

RESULTS AND DISCUSSION
The sequels of the present experimental strategies are summarized 
below.

Pancreatic cancer: demographic and clinical
features

Table 1 presents the general clinical and demographic aspects of 
patients with pancreatic cancer. The pancreatic cancer unit 
treated 500 patients from 2016 to 2020 with definitive 
chemotherapy or postoperative adjuvant chemotherapy. With a 
3:1 male to female sex ratio, there were 500 patients in total 300 
men (60%) and 200 women (40%). It would seem from this that 
men are more likely than women to get cancer. This may be 
because internationally, men are more likely than women to be 
addicted to alcohol and tobacco, which is a significant risk 
factor for pancreatic cancer [11,12]. The average diagnostic age, 
as mentioned above (Figure 1), was 68.86 years, with at least a 
maximum of 83.6 years and a minimum of 25.5 years. The 
majority of our patients range in age from 61 to 80. This study 
made it abundantly evident that a patient's age (more than 60) is 
a significant factor in cancer. This may be due to preclinical 
histories such as high blood pressure and diabetes linked to a 
certain diet, all of which are known to be risk factors for 
pancreatic cancer and were further supported by American 
Cancer Society [12].

Characteristics Number of patients Percentage

Total persons (n=500) - -

Control (Normal person) (100) 100 -

PC Patients (Male) 300 60

PC Patients (Female) 200 40

Sex ratio - 03:02

Age

(<20) Nil Nil

Sivakumar N, et al.

Serum Gamma Glutamyl Transferase (GGT) assay

The GGT activity in serum or plasma is measured using an 
enzymatic rate approach by the fully automated analyzer 
Biosystem BA400 (Spain). The reaction produces colored p-
nitroaniline when the GGT catalyzes the transfer of a gamma-
glutamyl group from the colorless substrate, gamma-glutamyl-p-
nitroaniline, to the acceptor, glycylglycine. Over a predetermined 
period, the system tracks the rate of change in absorbance at 410 
nm. The amount of GGT present in the sample is directly 
correlated with the rate at which absorbance changes. GGT 
measures are employed in cancer illness detection and 
treatment.

Serum direct amylase assay

Utilizing a chromogenic substrate called CNPG3 (2-chloro-4-
nitrophenyl linked with Galacto-maltoside), the direct amylase 
assay allows for the release of over 95% of 2-chloro-4-nitrophenol 
(CNP) by -α Amylase, resulting in the formation of 2-chloro-4-
nitrophenyl-α-D-maltoside (CNPG2), maltotriose (G3), and 
glucose (G). The rate at which 2-chloro-4-nitrophenol is formed 
is directly correlated with the sample's α-amylase activity, which 
may be measured using a kinetic test at 405 nm.

Serum lipase assay

In the kinetic colorimetric approach, a 1,2-diglyceride, a 
naturally occurring long chain fatty acid, is used to measure 
lipase activity in serum. Pancreatic lipase hydrolyzes the clear 
substrate solution in the presence of colipase, deoxycholate and 
calcium ions to form a 2-monoglyceride, which is then converted 
by a 2-monoglyceride lipase into glycerol. Next, glycerol is 
measured by glycerol kinase, glycerol phosphate oxidase and 
peroxidase are the subsequent enzyme reactions that breakdown 
glycerol and yield a violet quinone monoamine dye, which peaks 
in absorbance at 550 nm.

Statistical analysis

The mean ± Standard Deviation (SD) was used to express the 
results. To compare the group mean values, a one-way ANOVA
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(21-40) 37.5 ± 1.50 7.37 ± 0.10

(41-60) 74 ± 2.34 14.88 ± 0.22

(61-80) 310.45 ± 5.46 62.5 ± 1.45

(80<) 75 ± 1.56 15.14 ± 0.34

Symptoms

Jaundice 325 ± 6.89 65.2 ± 0.00

Epigastric pain 193.75 ± 3.56 38.75 ± 1.56

Right hypocondrium pain 156.25 ± 2.67 31.25 ± 0.40

Vomiting and nausea 144.25 ± 1.54 28.5 ± 1.34

Dark urine 257.5 ± 5.67 51.5 ± 0.55

Pruritus 115.5 ± 1.10 31 ± 1.44

Discolored saddle 188.5 ± 4.45 37.75 ± 0.55

Chronic diarrhea 38.75 ± 0.00 7.75 ± 0.00

Fever 32.5 ± 0.50 6.5 ± 0.00

Weight loss 358.2 ± 5.89 71.6 ± 3.56

Loss of appetite 327.5 ± 4.67 65.5 ± 3.87

Tiredness 467.5 ± 11.67 93.5 ± 1.50

Medical histories

Diabetes 227.5 ± 2.56 45.5 ± 1.45

High blood pressure 151.2 ± 3.56 30.25 ± 0.20

Rheumatism 17.5 ± 0.10 3.5 ± 0.00

Hypothyroidism 23.75 ± 0.40 4.75 ± 0.10

Figure 1: Demographic and clinical characteristics of pancreatic
cancer patient.

The symptoms and indicators of pancreatic cancer are listed in
Table 1. Early pancreatic cancer symptoms are typically non-
specific, and both the patient and the physician frequently
overlook them. These include flatulence, diarrhea, vomiting,
constipation, and epigastric bloating. Patients have painless
jaundice and weight loss as the condition worsens. The location
and size of the tumor affect the frequency of symptoms.
Jaundice and a tumor in the pancreatic body or tail are always
linked to delayed presentation and inoperability because of
metastases to the liver or hilar nodes. In this study, several
symptoms were noted, including jaundice, nausea and vomiting,
epigastric discomfort, right hypochondriac pain, dark urine,
itching, discolored saddle, chronic diarrhea, fever, and reduced
weight, loss fatigue, and appetite loss. Diabetes accounted for
44.0% of all medical histories, with high blood pressure coming
in second at 28%. A few specific cases of rheumatism and
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hypothyroidism were also noted. In terms of surgical histories,
2.5% had an appendectomy, 13.5% had a hernia, and 27.5%
had a cholecystectomy. As indicated in Table 2 and Figure 2, we
discovered that the majority of our patients had metastatic stage
(M1) 27% (138 patients), followed by node and tumor stages
N1–23% (115 patients), T4–18% (91 patients), T3–12% (62
patients), T2-10% (51 patients), and T1-3%, respectively.
Additionally, [13,14] revealed that because there are no
symptoms specific to PDAC, patients often appear at an
inoperable metastatic stage at the time of diagnosis, making
early detection challenging. The majority of patients received a

diagnosis of Metastatic stage-1 (M1), which may have been 
caused by the extremely subpar diagnostic methods used in the 
1990’s, the absence of medical personnel, the misdiagnosed 
symptoms of that a significant role also played by cancer, and the 
pancreatic anatomic deeper site [15]. Due to the cancer's deep 
location, the American cancer society reported that more than 
half of individuals with pancreatic cancer receive a diagnosis at 
an advanced metastatic disease stage [12].

Tis (Pre-cancer stage) 16.25 ± 0.00 3.25 ± 0.00

T1 (Tumor stage 1) 26.25 ± 0.10 5.25 ± 0.00

T2 (Tumor stage 2) 51.25 ± 0.00 10.25 ± 0.35

T3 (Tumor stage 3) 62.5 ± 0.55 12.5 ± 0.67

T4 (Tumor stage 4) 91.0 ± 5.89 18.2 ± 0.00

N1 (Node stage 1) 115.0 ± 6.65 23.0 ± 0.10

M1 (Metastatic stage) 137.5 ± 8.12 27.5 ± 0.30

Figure 2: Pre-clinical stage of diagnosis.

rose in several malignancies and were linked to the prognosis of 
cancer patients, including PDAC. A common and fundamental 
feature of cancer metabolism, which is heavily dependent on 
dysregulated metabolic enzymes, is elevated glycolysis. Lactose 
Dehydrogenase (LDH) is an enzyme that helps with glycolysis by 
changing pyruvate into lactate. Several studies show that LDH 
expression is abnormally elevated in a variety of malignancies, 
and this is linked to the advancement of the malignancy.

Changes in serum ADA level

Serum ADA levels in PDAC pre-treated patients were greater 
(144.82 ± 2.55) than in the healthy control group (29.90 ± 1.44 
U/l). As indicated by Table 3 and Figure 3, the level of this 
enzyme tends to decline (42.65 ± 1.87, 41.67 ± 1.45, and 40.5 ± 
2.34 U/l) significantly (P<0.05) following the I, II, and III cycles 
of treatment. ADA is present in most bodily tissues, but its 
activity is highest in lymphoid tissues. It has been discovered 
that pancreatic acinar cells are localized in animals and in 
human studies. Serum ADA activities haven't, however, 
previously been examined in pancreas problems, as far as we 
know. It is proposed that the salvage pathway is significantly 
impacted by elevated ADA activity. This well-known enzyme has 
been thoroughly investigated in the context of pancreatic 
carcinogenesis, which is intimately linked to the synthesis of 
DNA and the metabolism of nucleic acids. The primary causes 
of it are carcinogen induced pro-oncogene activation or tumor 
suppressor gene inactivation.
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Changes in serum enzymes biomarker profile

Changes in serum Lactate Dehydrogenase (LDH): Serum LDH 
levels were considerably higher in PDAC-pretreated patients 
(489.36.45; 436.58.56; 280.64.78; and 275.64.65 U/l) than in 
controls (27511.65 U/l), as shown in Table 3 and Figure 3. 
Following the three consecutive chemotherapies, I, II, and III, 
the LDH level decreased significantly (P<0.05) to 436.5 ± 8.56, 
280.6 ± 4.78, and 275.6 ± 4.65 U/l. serum level of LDH. 
Because its gene is overexpressed, a rapid rise in the number of 
malignant cells affects the level of LDH in the cytoplasmic 
compartment of cells. Patients with pancreatic cancer see a rise 
in serum LDH levels as a result. These malignant cells' anaerobic 
glycolysis and ability to meet their metabolic needs are aided by 
the elevated LDH level [16]. It has been given that LDH is 
necessary for tumor maintenance, and it has been suggested that 
it could serve as an indication of tumor aggressiveness and 
burden [17]. Furthermore, there is  proof that serum LDH levels
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Serum enzyme 
markers U/Lit

Patients Reference level 
U/Lit

Healthy control 
groups (100)

Before
chemotherapy
(Pre-treatments)

After chemotherapy

(Post-
treatments-I)

(Post-
treatments-II)

(Post-
treatments-III)

Serum lactate 
dehydrogenase

500 200-400 275 ± 11.65 489.3 ± 6.45 436.5 ± 8.56 280.6 ± 4.78 275.6 ± 4.65

Serum
adenosine
deaminase

500 <43 29.90 ± 1.44 144.82 ± 2.55 42.65 ± 1.87 41.67 ± 1.45 40.5 ± 2.34

Serum gamma 
glutamyl 
transferase

500 <55 45.5 ± 1.45 146.4 ± 4.54 60.4 ± 3.65 54.6 ± 1.45 50.6 ± 1.78

Serum amylase 500 <80 67.8 ± 2.45 112.5 ± 76 85.6 ± 4.55 80.0 ± 3.45 71.4 ± 4.98

Serum lipase 500 <38 27.6 ± 1.67 136.78 ± 2.67 37.90 ± 1.33 36.56 ± 1.45 29.90 ± 0.90

Different superscripts in the same column are significantly different at P<0.05 level (Least Significance Difference) mean followed by +SD

Figure 3: Changes in serum enzyme markers profile in pre and
post-chemotherapy.

Changes in amylase and lipase level

Serum amylase levels in PDAC patients who had received 
treatment were accurately represented as 112.5 ± 76 U/I in Table 
3 and Figure 3. Following the III chemotherapy, the level of this 
enzyme steadily dropped (85.6 ± 4.55, 80.0 ± 3.45 U/l, and 71.4 ± 
4.98 U/l). In contrast, the serum lipase levels for patients with pre-
chemotherapy, post-treatment I, post-treatment II, and post-
treatment III pancreatic cancer were 136.78 ± 2.67, 37.90 ± 1.33, 
36.56 ± 1.45 U/l, and 29.90 ± 0.90 U/l, respectively. The blood 
levels of serum lipase and amylase in the healthy controls were 
27.6 ± 1.67 U/l and 67.8 ± 2.45 U/l, respectively. Pre-treatment 
patients had considerably greater serum levels of lipase and 
amylase than the control and post-treatment groups. Because 
lipase has a longer half-life in serum than amylase due to renal 
tubular reabsorption, it is more selective and remains elevated 
longer. Lipose and amylase testing, as well as serial trending them, 
offer no benefits for tracking a patient's clinical development. 
Recently, studies on the potential predictive significance of lipase 
and amylase in intraductal papillary mucinous neoplasm, 
pancreatitis, and pancreatic cancer have been conducted. One 
potential new indicator to differentiate acute bouts of alcoholic 
pancreatitis from non-alcoholic cases is the lipase/amylase ratio.

CONCLUSION
Males are more likely than females to contract the sickness (3:2), 
and the risk rises with age (>61-80). Based on current research, it 
appears that aberrant metabolism leading to changes in serum 
enzyme levels is a significant factor in PDAC patients. Serum 
enzyme panel levels have shown severe abnormalities in PDAC 
patients (P<0.05), indicating a compromised physiological state. 
The level of these enzyme biomarkers significantly decreased 
following three consecutive rounds of chemotherapy (1st, 2nd, 
and 3rd), demonstrating the potential of the chemotherapy 
medications. According to our research, combination
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Changes in Gama-Glutamyl Transferase (GGT)

Table 3 and Figure 3 showed that pre-chemotherapy patients 
exhibited an elevated level of the enzyme GGT (146.4 ± 4.54 
U/l). The level of this enzyme was reported to significantly 
decline to 45 50.6 ± 1.78 U/l following the chemotherapy's 
third cycle. The role of this enzyme in hepatic and pancreatic 
diseases is well-established. GGT-specific activities significantly 
alter in precancerous and cancerous phases of pancreatic tissues. 
GGT is released into the bloodstream as a result of pancreatic 
cell injury, which causes an increase in the cells' activity during 
the initial stages of cancerization. Tissue-specific expression of 
GGT is altered under a variety of pathologic and physiological 
circumstances, such as development and carcinogenesis. GGT is 
a commonly found enzyme that has been thoroughly researched 
in pancreatic carcinogenesis, which has a tight relationship to 
the metabolism of nucleic acids and DNA synthesis. The 
primary causes of it are carcinogen-induced pro-oncogene 
activation or tumor suppressor gene inactivation.
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chemotherapy the administration of many medications is a
promising treatment option for pancreatic cancer.
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