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Abstract

Background and Aim: Pancreatic cancer exhibits a high level of aggressiveness and is associated with a high
mortality rate. The study comprised 50 patients with pancreatic cancer and 50 healthy family members and friends.
The main goal is to explore the biomarkers carbohydrate antigen 19-9 (CA19-9), amylase, procalcitonin (PCT), and
interleukin 6 (IL-6), confirm the presence of Escherichia coli infection in the patients’ bloodstreams, and evaluate the
effect of chronic inflammation on the progression of pancreatic cancer. Methods: The CA19-9, IL-6, and PCT levels
ofthe control and patient groups were measured with Roche-Cobas C411, and their amylase levels were measured with
Cobas C311. In addition, a VITEK2 Compact system was utilized to detect E. coli blood infection, and the antibiotic
susceptibility of the patients was evaluated. Results: The higher PCT and IL-6 levels (P < 0.0001%*) of the patients with
pancreatic cancer indicated chronic inflammation promoting tumor growth, invasion, and metastasis, and high levels
of CA19-9 (P <0.0001%*) indicated pancreatic cancer. Moreover, tumor damage and ductal blockage lowered amylase
levels in patients with pancreatic cancer. In addition, bloodstream infections in patients with pancreatic cancer were
mostly caused by E. coli (34/50, 68%), and the isolates were resistant to ciprofloxacin (100%). Approximately, 94.11%
were resistant to levofloxacin and ceftazidime, whereas only 26.4% were resistant to sulfamethoxazole/ trimethoprim.
A total of 29 isolates (85.2%) were multidrug resistant. Conclusion: Chronic inflammation from E. coli infections is
crucial to pancreatic cancer progression. Inflammatory indicators, including PCT and IL-6, and diagnostic biomarkers,
including CA19-9 and amylase, reveal malignancy growth and bacterial infections that complicate treatment. Patients
with positive PCT and IL-6 results were likely to have positive blood cultures and E. coli infections. These biomarkers
should be utilized alongside other diagnostic imaging and biopsy methods to improve the detection of pancreatic cancer
and screening for bacterial infections.
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Introduction

Pancreatic cancer is aggressive and fatal and has
a poor prognosis. The common pancreatic cancer
symptoms are yellow complexion, abdominal or back pain,
unexplained weight loss, light-colored feces, dark urine,
and loss of appetite. The early signs of the disease are
usually absent, and pancreatic cancer symptoms usually
appear in advanced stages. Pancreatic cancer usually
already metastasizes at diagnosis [1]. Most pancreatic
adenocarcinomas occur in people over 70, and few develop
before the age of 40. Smoking, obesity, diabetes, and
rare hereditary disorders increase pancreatic cancer risk.
Smoking and hereditary genes cause 25% and 5%—10%
of instances, respectively [2].

Approximately 95% of pancreatic cancers originate
in the exocrine pancreas, which produces digestive

enzymes [3]. Amylase, which is crucial for carbohydrate
breakdown, is predominantly produced by the pancreas
and salivary glands [4]. Pancreatic cancer frequently
results in considerable structural harm to pancreatic
tissues. Tumors can invade and disrupt the normal
structure of the pancreas, which includes acinar cells that
are important for the production of digesting enzymes,
such as amylase [5]. The resulting damage diminishes
the overall capability of the pancreas to generate these
essential enzymes.

Bloodstream infections (BSIs) are among the most
challenging types of infections because they are difficult
to manage and considerably affect patient outcomes
[6]. Escherichia coli is the primary etiological agent
responsible for BSIs caused by gram-negative bacteria
[7]. Over the past two decades, BSIs caused by antibiotic-
resistant E. coli strains have increased [8]. Delayed and
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inefficient antibacterial treatments for BSIs promote the
infection with E. coli that produce extended-spectrum
lactamases (ESBLs), which are linked to high fatality
rates [9].

A tetrasaccharide known as carbohydrate antigen
19-9 (CA19-9) typically binds to O-glycans found on cell
surfaces. It is involved in cell-to-cell recognition. Patients
with pancreatic cancer can have a high CA19-9 level
[10], and pancreatitis, cirrhosis, and bile duct disorders
are some of the conditions that might increase CA19-9
levels, in addition to cancer. Notably, CA19-9 level is high
in patients with bile duct blockage [11].

Inflammation is essential to the advancement of
multiple cancer forms. Various indicators are utilized
clinically in identifying active inflammatory processes in
patients. Procalcitonin (PCT) is a biomarker consisting of
116 amino acids, functioning as a precursor to the hormone
calcitonin, which regulates calcium homeostasis and is
synthesized by thyroid parafollicular C cells. Procalcitonin
is produced when preprocalcitonin is cleaved by
endopeptidases. Its level markedly increases in reaction to
pro-inflammatory stimuli, especially bacterial infections
[12]. The half-life of procalcitonin is 22—-35 hours, and
the induction period is 4-12 hours. The level increases
slightly during viral or noninfectious inflammation [13].
Interleukin 6 (IL-6) is a pro- and anti-inflammatory
cytokine and myokine. Pathogen-associated molecular
patterns and microbial compounds cause macrophages
to produce IL-6. An acute phase response and fever
are mediated by IL-6, which controls bone marrow
neutrophil production and acute phase protein synthesis.
IL-6 suppresses regulatory T cells and stimulates B cell
proliferation [14].

The main goal is to explore the biomarkers CA19-9,
amylase, PCT, and IL-6 in addition to the presence of
E. coli infections in the bloodstreams of patients with
pancreatic cancer and the effect of chronic inflammation
on the progression of pancreatic cancer.

Materials and Methods

Subjects and study design

A total of 100 participants aged 57-70 (mean age of
64.24) were included, of which 70 were males (73%) and
23 were females (23%). The patient group consisted of
50 individuals diagnosed with pancreatic cancer at stages
IIT and IV. All patients were undergoing chemotherapy at
the Oncology Hospital in Iraq’s Medical City of Baghdad,
receiving more than three doses. The other 50 were
considered healthy and included in the control group.
They were composed of healthy friends and relatives.
All the participants were recruited, and their data were
collected from January to October 2024. They underwent
testing for several biomarkers, including CA19-9,
amylase, procalcitonin (PCT), and IL-6. The study was
ethically approved by the scientific community of Ibn
Sina University of Medical and Pharmaceutical Sciences,
Baghdad, Iraq. Furthermore, the study was carried out in
compliance with the principles outlined in the Declaration
of Helsinki. Before analysis was performed, all patient
data were anonymized.
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Sample collection and serum preparation

Blood samples (20 ml) were collected from 50 patients
diagnosed with pancreatic cancer and 50 individuals in
good health. Half of each sample (10 ml) was utilized
for culturing, and the other half was employed for serum
separation. The serum was prepared using anticoagulant-
free tubes. Blood samples lacking anticoagulants were
allowed to undergo coagulation at room temperature for
30 minutes. After coagulation, the serum and blood cells
were separated through 10 minutes of centrifugation at
a speed of 3000 revolutions per minute. The clear liquid
portions of the sera were carefully moved into fresh
labeled tubes with a pipette. The serum samples were kept
at a temperature of —80°C.

Blood culture for bacterial isolation and identification

Hospital-acquired BSI was defined as the initial
detection of a positive culture either 48 hours after
admission to the hospital or within 48 hours after
discharge. It is accompanied by clinical indications of
an ongoing infection. The selection of the 50 patients
was based on the symptoms they exhibited during their
hospital stay for treatment. Their symptoms included
unexplained prolonged fever, shaking chills, altered
sensorium, hypotension, and gastrointestinal symptoms,
which suggested the presence of BSI. Blood samples
(8-10 ml) were obtained and placed in BacT/Alert bottles
(Sysmex bioMérieux, Kobe, Japan) and cultured twice
for 3—5 days at 37°C. The positive samples underwent
subculture on blood agar and MacConkey agar at 35 °C
for 24-48 hours, depending on the gram staining results.

The identification of the bacteria was performed
utilizing a VITEK2 Compact system (bio-Merieux SA,
Marcy I’Etoile, France). High standards of quality were
ensured. The quality-control isolates included Enterobacter
cloacae ATCC700323 and E. coli ATCC25922.

Antibiotic susceptibility pattern of E. coli

The antibiotic susceptibility of E.coli was evaluated
using a modified Kirby—Bauer disc diffusion method
[15] in accordance with the recommendations of the
Clinical and Laboratory Standards Institute (CLSI) [16].
The antibiotics used in the study were cefepime (30
pg); meropenem (10 pg); piperacillin or tazobactam
(100/10 pg); ciprofloxacin (5 pg); tetracycline (30 ug);
gentamicin (10 pg); sulfamethoxazole or trimethoprim
(1.25/23.75 pg); and ceftazidime (30 pg). The surface of
Mueller-Hinton agar was plated with a broth culture of E.
coli (McFarland 0.5). Afterward, the culture received the
application of antibiotic discs, and then the plates were
placed in an incubator set at 37°C for 18 hours. After
incubation, the diameter of the zone of inhibition was
measured, and the results were categorized as “resistant,”
“intermediate,” or “susceptible” according to the CLSI
guidelines.

Laboratory analysis of CA19-9, IL-6, PCT, and amylase
biomarkers

A closed-system laboratory kit and a fully automated
device developed by Roche (Switzerland) were used.
CA19-9, PCT, and IL-6 levels in the control and



patient groups were measured with Cobas C411 and
an electrochemiluminescence technology, and amylase
concentrations were measured with Cobas C311, which
measures the extent to which a sample absorbs light at
specific wavelengths (550 nm).

Statistical analysis

Group effects on research variables were identified
using Statistical Analysis System (SAS; 2018) software.
The means were compared using a t-test.

Results

Biomarker levels in patients with pancreatic cancer

The study revealed significant differences in the
levels of IL-6, PCT (inflammatory marker), amylase
(pancreatic function marker), and CA19-9 (tumor
marker) between healthy individuals and patients with
pancreatic cancer (Table 1 and Figure 1). The levels of the
inflammatory markers PCT and IL-6 were significantly
elevated (P <0.0001%*) in patients with pancreatic cancer
compared with healthy individuals. In addition, patients
with pancreatic cancer exhibited a significant reduction in
amylase enzyme levels, compared with healthy persons
(P < 0.0001%*). Furthermore, a statistically significant
difference (P < 0.0001*) in CA19-9 level was found
between the patients and healthy individuals.

Distribution of bacterial infection obtained from the
bloodstream in patients with pancreatic cancer

The blood cultures of patients with pancreatic cancer
showed different bacterial isolates, as determined by the
VITEK?2 Compact system. The isolates showed over 95%
similarity. The distribution of microorganisms is shown in
Figure 2. The most common bacteria responsible for BSIs
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in patients with pancreatic cancer were E. coli (34 out of
50, 68%), Pseudomonas aeruginosa (9 out of 50, 18%),
Klebsiella pneumoniae (4 out of 50, 8%), Staphylococcus
aureus (2 out of 50, 4%), and Proteus mirabilis (1 out of
50, 2%). The control group consisting of 50 people showed
no indications of bacterial growth in their blood

E. coli BSI and Drug Resistance in patients with
Pancreatic Cancer

A significant difference in the frequency of antibiotic
resistance was observed in patients with pancreatic cancer
and E. coli BSI. The resistance rates of E. coli were 100%
for fluoroquinolone and 94.11% for ciprofloxacin and
levofloxacin. Furthermore, the rate of E. coli resistance
to third- and fourth-generation cephalosporins varied
from 94.11% (ceftazidime) to 91.17% (cefepime).
The resistance rate of E. coli to aminoglycosides and
carbapenem significantly varied. The susceptibility
rates of E. coli were 88.2% for gentamicin and 38.2%
for meropenem, and its resistance rates were 88.2% for
piperacillin or tazobactam and 55.8% for tetracycline.
Finally, the lowest resistance rate was recorded for
sulfamethoxazole or trimethoprim (26.4%). These findings
are shown in Table 2, demonstrating that 29 isolates
(85.2%) displayed multidrug resistance.

Discussion

BSI refers to the invasion of the bloodstream by
numerous pathogenic microorganisms (bacteria or fungi)
and is a serious systemic infectious disorder [17]. People
diagnosed with malignant tumors typically receive surgical
intervention, high-dose chemoradiotherapy, antibiotic
treatment, and different invasive medical procedures.
The presence of malignancy itself seems to elevate the

Table 1. Comparison between Patients Diagnosed with Pancreatic Cancer and Healthy Individuals in the Levels of
IL-6, PCT (Inflammatory marker), Amylase, and CA19-9 (tumor marker).

Parameters Healthy (n=50) Patients (n=50) p value
Mean + SD Mean + SD

IL-6 level (pg/mL) 2.88 £2.37 3444 £251.1 <0.0001*

PCT level (ng/ml) 0.05 +0.04 8.77+2.42 <0.0001*

Amylase level (U/L) 54.64 +20.90 19.8 +£5.48 <0.0001*

CA19-9 level (U/mL) 21.96 £5.767 341.5+207.7 <0.0001*

Table 2. Pattern of Antibiotic Resistance in Patients with Pancreatic Cancer

Antibiotic

Pancreatic cancer (n = 34) Rate of resistance

Cefepime (30 pg)

Meropenem (10 pg)

Piperacillin/tazobactam (100/10 pg)
Ciprofloxacin (5 pg)

Levofloxacin (5 pg)

Gentamicin (10 pg)

Tetracycline (30 pug)

Ceftazidime (30 pg)
Sulfamethoxazole/trimethoprim (1.25/23.75 ug)

31/34 91.17%
13/34 38.20%
30/34 88.20%
34/34 100%

32/34 94.11%
30/34 88.20%
19/34 55.80%
32/34 94.11%
Sep-35 26.40%
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Figure 1. Comparison between Patients Diagnosed with Pancreatic Cancer and Healthy Individuals in the Levels of
1L-6, PCT (Inflammatory marker), Amylase, and CA19-9 (tumor marker).
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Figure 2. Pathogenic Bacteria Distribution in Bloodstream Infections in Cancer Patients

likelihood of acquiring a bacterial infection [18].

Figure 2 demonstrates that E. coli bacteria were the
most often isolated pathogen in patients with pancreatic
cancer. Notably, blood culture is considered the most
reliable method for diagnosing E. coli BSI [19]. In
individuals diagnosed with pancreatic cancer, BSIs
frequently heighten morbidity and fatality rates. E. coli
is one of the most prevalent bacteria that causes these
infections and is commonly found in the gastrointestinal
tract, and can enter the circulation. E. coli infection is
especially problematic for individuals with weakened
immune systems or those undergoing invasive medical
procedures [20].

Surgery is another significant risk factor for infection
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and BSI in patients with tumors [21]. Patients who undergo
extensive tumor resections, particularly those that involve
the respiratory and gastrointestinal tracts, are at high
risk of developing postoperative nosocomial infections.
A study conducted on 3522 resections performed in
Texas identified that BSI is the third leading cause of
nosocomial infection after surgery (16% of cases) after
wound infection (28%) and pneumonia (43%). The risk of
serious postoperative infections varied by resection site:
esophagus (25%), stomach (19%), pancreas (17%), lung
(10%), rectum (8%), and colon (7%) [22].

We found that patients who tested positive for PCT
and IL-6 were more likely to have positive blood cultures
than those who tested negative, and PCT concentrations



were considerably elevated in patients infected with E.
coli. PCT has emerged as a viable diagnostic marker
for bacterial infections because its levels are higher in
patients infected with bacteria than in patients infected
with viruses or suffering from nonspecific inflammatory
illnesses [23]. Therefore, PCT level can be utilized to
facilitate clinical assessments on the commencement
and discontinuation of antibiotic treatment for bacterial
infections [24]. IL-6 plays a crucial role as a cytokine in
the acute phase response to inflammation and sepsis [25].
During an E. coli BSI, the body’s immune system triggers
the production of several cytokines, such as IL-6, which
plays arole in facilitating fever, triggering an acute-phase
response, and activating immune cells [26]. Assessing the
levels of IL-6 in individuals with E. coli BSIs can yield
valuable insights into the intensity of an infection and
the patient’s immunological reaction. Additionally, it can
be useful in forecasting results and directing treatment
approaches [27].

Table 2 shows that ciprofloxacin exhibited the
greatest susceptibility (100%), followed by levofloxacin
and ceftazidime (94.11%), cefepime (91.1%), and
piperacillin or tazobactam (88.2%). Gentamicin displayed
a susceptibility of 88.2% as well. The current findings
indicated that 29 out of 34 isolates (85.2%) were
multidrug resistant. The connection between the
presence of fluoroquinolone-resistant E. coli and the
increase in the highly infectious strain ST131 has been
established through research. In addition, E. coli ST131
commonly carries cefotaximase-Munich, which is an
ESBL [28]. Patients with pancreatic cancer, especially
those receiving chemotherapy, are more likely to get
antibiotic-resistant E. coli. They are at risk because of
their immunocompromised state, frequent hospitalization,
and healthcare-associated infections. Owing to gut
flora disruption, chemotherapy may cause resistant
strain colonization. Frequent intake of broad-spectrum
antibiotics results in the proliferation of multidrug-
resistant E. coli bacteria, increasing the susceptibility of
patients with cancer to patients without cancer, who have
less antibiotic resistance risk factors [20].

Fluoroquinolones (ciprofloxacin and levofloxacin)
as prophylactic agents effectively prevent infection in
a specific group of patients with cancer and at high risk
[29]. The prevalence of fluoroquinolone-resistant E. coli
at a comprehensive cancer center in the United States
increased from less than 15% in the 1990s to 46% in
2009 [30]. In England, fluoroquinolone-resistant isolates
are more commonly found in patients with hematologic
malignancies compared with other oncology patients
[31]. These findings indicated a negative outlook for the
future of fluoroquinolone prophylaxis. The heightened
susceptibility of patients with cancer to infections and
complications associated with their treatment make
antibiotic resistance in E. coli a considerable concern.
Patients with cancer frequently have compromised
immune systems because of the tumors and the effects of
chemotherapy and radiation therapies. These treatments
heighten their vulnerability to bacterial infections,
including those caused by E. coli. Moreover, these
infections can occur as a result of surgical procedures,
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use of invasive medical equipment, such as catheters, or
the movement of bacteria from the digestive system [32].

The results shed light on important biochemical
differences between healthy people and patients with
pancreatic cancer in the same age range (57-70 years).
Four biomarkers, namely, CA19-9, amylase, procalcitonin
(PCT), and IL-6, were the focus of the investigation.
Table 1 and Figure 1 indicate considerably increased (P <
0.0001%*) PCT and IL-6 levels in patients with pancreatic
cancer compared with healthy individuals. High IL-6 and
PCT levels indicated an active inflammatory milieu that
can promote tumor growth, invasion, and metastasis.

Chronic inflammation creates a tumor-promoting
microenvironment. Inflammatory cells release cytokines,
chemokines, and growth factors that enable cancer cells
to survive, multiply, and invade. For instance, cytokines,
such as IL-6 and TNF-a, activate signaling pathways that
promote cell growth and prevent apoptosis, increasing
tumor growth [33]. Inflammatory mediators can cause
genetic and epigenetic alterations that cause advanced
cancer. DNA damage from ROS and nitrogen species
from chronic inflammation can affect tumor and oncogene
repressor genes [33]. Epigenetic changes, such as DNA
methylation and histone modifications, can affect gene
expression and cause tumor growth during prolonged
inflammation [34]. Chronic inflammation impairs immune
system regulation, enabling cancer cells to hide. Immune
response suppressor cells, including regulatory T cells
and myeloid-derived suppressor cells, may be recruited
during inflammation, and impair tumor defenses. This
immunosuppressive environment promotes tumor
growth [35]. Angiogenesis, which is necessary for
tumor growth and metastasis, depends on inflammatory
mediators. Chronic inflammation upregulates VEGF,
which promotes the formation of new blood vessels that
supply tumors with nutrition and oxygen. Inflammation
changes the extracellular matrix, allowing cancer cells to
penetrate surrounding tissues and enter the bloodstream,
facilitating metastasis. Chronic inflammation dramatically
affects the tumor’s stroma, which consists of cells and
connective tissues. Activated stromal cells, including
fibroblasts, produce cytokines and growth factors that
encourage tumor growth and survival. Franco et al. (2020)
demonstrated that cancer cells interact with inflamed
stroma to maintain an inflammatory response and enhance
tumor growth [36].

The development of resistance to cancer treatments
can be hastened by persistent inflammation. Inflammatory
signaling pathways can increase the expression of drug
resistance genes and proteins, increasing the resistance of
cancer cells to radiation and chemotherapy. Furthermore,
the inflammatory environment can protect cancer stem
cells, which are crucial to metastasis and recurrence and
are difficult to treat conventionally [37].

As shown in Table 1 and Figure 1, patients with
pancreatic cancer exhibit significantly lower amylase
levels than healthy individuals (P < 0.0001%*). This
finding provides important insights into the pancreatic
function in these two groups. Cancerous cells can alter
the pancreas microenvironment, leading to changes in
metabolic processes and cellular communication. These
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alterations can impair the efficiency of enzyme synthesis
and secretion in pancreatic cells [38]. Tumor growth
can block pancreatic ducts, which deliver enzymes
to the small intestine. The blockage of the ducts can
reduce bloodstream digestive enzymes, such as amylase,
preventing the release of enzymes into the digestive tract
[39]. The hydrolysis of carbohydrates into sugars requires
amylase. Insufficient enzyme levels in patients with
pancreatic cancer cause malabsorption, gastrointestinal
difficulties, malnutrition, and weight loss [40]. A low
amylase level can be an indicator of pancreatic cancer
and dysfunction. Although pancreatic cancer cannot be
diagnosed with amylase levels only, they can reveal its
severity.

The findings demonstrated a significant and statistically
significant increase in CA19-9 levels among patients
compared with healthy individuals (P <0.0001%*). CA19-
9 is an essential biomarker utilized in the diagnosis and
surveillance of pancreatic cancer. Its heightened levels
observed in patients highlight its function as a crucial
diagnostic instrument, demonstrating its importance to the
early identification and tracking of illness advancement.
CA19-9 is an early biomarker for pancreatic cancer and an
increase in CA19-1 level indicates the existence of cancer,
prompting diagnostic examinations, such as CT, MRI, and
biopsies. Timely detection is essential because pancreatic
cancer lacks symptoms during its early stages, and an
early diagnosis greatly enhances the outlook for recovery.
The differentiation between pancreatic cancer and other
pancreatic diseases, such as chronic pancreatitis, can be
achieved through the utilization of CA19-9 [41]. The
levels of this substance are generally higher in malignant
instances, but they may not necessarily be elevated in
cancer and can be elevated in other illnesses [42].

The limitation of the current study is that pancreatic
cancer cannot be diagnosed just with CA19-9 and amylase.
Although the increase in CA19-9 levels is associated
with pancreatic cancer, this marker is not disease-
specific and can be detected in other illnesses, such as
chronic pancreatitis and gastrointestinal problems. In
addition, elevated amylase levels can point to pancreatic
malfunction rather than to pancreatic cancer. Additional
diagnostic procedures, such as imaging, are required in the
diagnosis of pancreatic cancer. Biopsies and histological
analysis of tissue samples are needed to confirm the
existence of cancer cells. Therefore, CA19-9 and amylase
levels should not be used as the only markers, but they
can be useful to diagnosis. Future research on pancreatic
cancer diagnosis may investigate the combination of
genetic and molecular markers, such as microRNAs,
circulating tumor DNA, and exosomes, with CA19-9 and
amylase levels, offering prospects for monitoring disease
progression and treatment response. The integration of
new indicators with conventional biomarkers may result
in enhanced diagnostic accuracy and tailored treatment
strategies.

In conclusion, Pancreatic cancer biomarkers play an
essential role in the diagnosis, tracking, and management
of this disease. Patients with pancreatic cancer and high
levels of PCT and IL-6 have persistent inflammation,
which contributes to tumor growth, invasion, and
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metastasis, and patients with pancreatic cancer often
have elevated CA19-9 levels. In these individuals, ductal
obstruction and tumor-induced damage are indicated
by low amylase levels (pancreatic function marker).
Moreover, patients with positive PCT and IL-6 results
are more likely to have positive blood cultures and E.
coli infection than those with negative results. PCT and
IL-6 levels can be used to support clinical decisions
concerning antibiotic therapy for bacterial infections
given that patients with pancreatic cancer have increased
antibiotic-resistant £. coli BSIs. These findings highlight
the need for antibiotic stewardship and novel multidrug
resistance treatments in this vulnerable group.
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