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Abstract
This review aims to summarize the latest knowledge on factors, diagnosis, and treatment of pancreatic cancer, and aims to
promote further research on this under-studied malignant tumor. At present, we urgently need to identify high-risk patients with
precancerous diseases through screening approaches, so that medical professionals and the general public may better understand
prevention strategies or early detection measures. Pancreatic cancer is a highly invasive malignant tumor with a fatal risk, mainly
seen in men and older adults (60-85 years old). Pancreatic cancer is now increasingly observed in young patients. Because the
disease has no early symptoms and can quickly invade surrounding tissues and organs, it is one of the deadliest cancers. With a
view to identify the important factors for the development of pancreatic cancer, previous studies have found that smoking,
alcohol, and chronic pancreatitis are considered high-risk factors. Recent studies have shown that abnormal metabolism of human
microorganisms, blood type, and glucose and lipid levels are also important factors in the development of pancreatic cancer.
Identifying early diagnosis options is an important way to improve detection and survival rates of pancreatic cancer. None of the
many tumor markers associated with pancreatic cancer are highly specific, which also indicates further research is required to
improve the early detection rate. Future directions in terms of treatment evaluating the relationship between the microbiology-
free system and immunotherapy will bring a major breakthrough and is expected to bring exciting clinical applications in improving
the life-cycle of pancreatic cancer patients.
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Introduction

Over the past few years, the incidence of the pancreatic cancer

(PC) has increased. It accounts for about 2% of all cancers and

is associated with 5% of cancer-related deaths.1 Most patients

have no obvious symptoms during disease development and

progression to advanced metastasis pancreatic, whereby tumor
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cells are highly invasive. Early diagnosis is difficult,2 and it has

become one of the most deadly malignant tumors. Most

patients eventually relapse, even after a potential radical treat-

ment, the patient’s 5-year survival rate is only 2%-9%.3 Pan-

creatic ductal adenocarcinoma (PDAC) is the most common

among patients with PC.1 There are some risk factors for PC,

including family history, pancreatitis, and diabetes. However,

at present, there are no standard programs in the world to screen

patients with high risk of PC. To improve the prognosis of PC

patients, we reviewed recent advances in risk factors, diagnosis

and treatment of PC.

Risk Factors

Risk factors for PC are classified as non-modifiable (age, sex,

area, blood group, family history and genetic susceptibility,

diabetes) and modifiable (intestinal microflora, smoking, alco-

hol, chronic pancreatitis [CP], obesity, dietary factors,

infection).

Non-Modifiable Risk Factors

Age

PC usually occurs in older adults, and it is extremely rare for

young people under the age of 30 to develop the disease.

Approximately 90% of newly diagnosed patients are over 55

years old, most of them between 70-80 years old.4

Sex

The incidence of PC is lower in women than in men globally. In

developed countries, this gap is even more pronounced.3 It may

be because the steroid levels are higher in women than in men,

which may have a protective effect against PC.5 Sadr-Azodi

et al. confirmed through a paired cohort study that compared

with women who were not administered menopausal hormone

therapy (MHT), the prevalence of pancreatic cancer could be

reduced by 23% in women who were administered MHT. Fur-

ther, compared with MHT administration for <1 year, MHT

administration for 1-2 years can reduce the prevalence by

35%, and MHT administration for more than 3 years can reduce

the prevalence by 60%.6

Area

PC incidence varies in different parts of the world. In the

United States, the incidence in African Americans is higher

than that of Caucasians, while Asian Americans and Pacific

Islanders have the lowest incidence.7 In China, the health bur-

den of cancer is increasing and the rate of growth in recent

years is parallel to that of the world. Possibly due to differences

in socioeconomic environment and lifestyle, urban morbidity

and mortality in urban areas are higher than those in rural

areas.8 By 2018, among the people with PC in the world, the

highest incidence rate of ASR is in Europe (7.7/10 million) and

North America (7.6/10 million, Oceania [6.4/10 million]). The

incidence rate in Africa is the lowest, with an estimated inci-

dence rate (2.2 per 100,000 people).9

Blood Group

The ABO blood group antigen is present on the entire surface

of red blood cells. Recent studies have shown that blood group

antigens affect the risk of PC.10 Among people with diabetes,

people with type A, AB, or B blood group have a higher risk of

developing PC than those with type O.7,11 There is some evi-

dence indicating that type A blood group and diabetes will

jointly lead to the development of PC.11,12

The mechanism may involve the regulation of the host

inflammatory process related to the ABO blood group, which

may be related to the promotion of cancer progression and

metastasis. The gene encoding the ABO antigen may be asso-

ciated with various plasma components, such as soluble inter-

cellular adhesion molecule-1 (sICAM- 1) and tumor necrosis

factor (TNF). These proteins are adhesion molecules required

for immune cell recruitment, and thus mediate systemic inflam-

mation. These studies indicate that the gene encoding the ABO

blood group plays a direct role in tumorigenesis and malig-

nancy, and is involved in tumor cell immune surveillance, cell

adhesion, tumor apoptosis, and angiogenesis.11

Genetic Factors

In recent years, studies have found that PC has a clear family

basis, and family history of PC greatly increases the risk of

disease.13,14 Mainly caused by genetic and acquired gene muta-

tions, over than 80% of PC are due to sporadic mutations, and a

small number of cases are caused by specific genetic mutations.

The risk of familial PC increases exponentially with the

increase in the number of first-degree relatives15,16 Currently,

chromosomal aberrations at loci13q22.1, 15q14,17,18 6p25.3,

12p11.21, 7q36.2,19 21q21.3, 5p13.1, 21q22.3, 22q13.32 and

10q26.120 have been discovered by scientists from Japan and

China. In the largest genome-wide collection in Europe, 7p12,

1p36.33, 8q21.11, 17q12, and 18q21.32 were identified as new

PC susceptibility chromosomal target deletions.21 Point muta-

tions3,7 in K-RAS, CDKN2A (P16), TP53, SMAD4,22,23

BRCA2, BRCA1, STK11, PRSS1 and MMR24,25 are the most

frequently involved in PC.

In PC stem cells, there are obvious epigenetic changes,

mainly manifested in the process of mutations in chromatin

regulatory proteins and the control of epithelial-mesenchymal

transition (EMT), but these changes do not involve changes in

genetic sequence. Only DNA and chromatin structure/chemical

changes are involved; thus, these changes ultimately affect the

overall phenotypic state of the cell. Based on these ideas, some

researchers have begun to investigate whether inhibiting the

process of epigenetic regulation contributes to the development

of new PC therapies.26
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Diabetes

Modern epidemiology has confirmed a significant increase in

the risk of developing PC in people with diabetes.27 In type 1

diabetes, the risk of PC increases by 5-10 times in patients with

a disease duration of more than 10 years. People with diabetes

who have been diagnosed with the disease for more than 20

years are at higher risk of PC.28 Recently, a study identified

2002 cases of PC during the follow-up of 7.5 million people.

Compared with patients without diabetes, patients newly diag-

nosed with diabetes have an almost 7-fold increased risk of PC.

In these patients with PC, blood glucose and glycated hemo-

globin (HbA1c) levels increased significantly 1 month before

the diagnosis of diabetes. Therefore, HbA1c is expected to be a

potential biomarker for predicting PC.29

Modifiable Risk Factors

Human Microflora

The human microbiota is composed of a variety of organisms,

including bacteria, viruses, fungi, and protozoa.30 They play a

vital role in human health and disease states. Studies have

shown that the occurrence, development and prognosis of PC

are closely related to the human microbiota.31,32 Specific oral,

gastrointestinal and pancreatic microbes, as well as some hepa-

titis viruses and bile, may have potential etiological effects in

the development of PC.33 The microbiota is involved in the

development of cancer mainly in the following ways.

Immunomodulatory activity:. The gut microbiota triggers

many natural and adaptive immune responses involved in

the process of tumor formation.33-36 The innate immune sys-

tem regulates microbial composition by recognizing

flagellin, lipopolysaccharide (LPS), peptidoglycan, Toll-

like receptor (TLR), and Nodlike receptor (NLR).37 Micro-

biota in the pancreas promotes pancreatic tumor cellogenesis

by inducing innate immune suppression and adaptive immuno-

suppression.38

Microbial metabolites.: Microbial products secondary bile

acids, lipoteichoic acid (LTA), and short-chain fatty acids

(SCFAs) play important roles in cancer cell growth.39 Among

them, LTA and secondary bile acids promote malignant trans-

formation. LTA mainly binds to specific differentiation clus-

ters, resulting in excessive secretion of pro-inflammatory

factors.40,41 Secondary bile acids promote abnormal cell

proliferation42 and cellular DNA damage43 by activating

G-protein coupled receptor 1 (GPBAR1). In terms of anti-

inflammatory and anti-cancer effects, SCFA can exhibit the

opposite effect of LTA and secondary bile acids by promoting

Treg-mediated immune regulation.44-46 Metabolites produced

by intestinal microbes cause PDAC by traveling and acting on

pancreatic cells. The specific mechanism has not been

elucidated.47

Microbiota dysbiosis.: Dysregulation of the human micro-

bial system leads to reduced microbial diversity in the intestine

and other organs in the body. Its occurrence is related to host

gene mutations and ultimately affects the normal immune

system in the body.30,48 The normal microbial system in the

body can be affected by factors such as diet, infectious dis-

eases, sex, genetics hormones, and bile acids.49,50 Recent stud-

ies have shown that mediators secreted by the pancreatic acinus

shape the gut microbiota and intestinal immunity.51 After con-

tinuous intake of antibiotics, researchers induced microbial

disorders in mice and found that the incidence of various extra-

intestinal tumors including PC was found to be significantly

elevated.52 A growing body of evidence suggests that microbial

dysbiosis is associated with susceptibility, occurrence and

prognosis of PDAC.

Association of microbial toxins and virulence.: Certain bac-

terial toxins can cause chronic inflammation, and can also

destroy cellular DNA and cause cancerogenesis through auto-

toxins.30 For example, cytotoxins such as aflatoxin, mycotox-

ins, and colicin are involved in carcinogenesis and damage host

cell DNA.30,53

Compared with a healthy control group, patients with PDAC

have microflora changes in different parts of the body, divided

into the oral, gastrointestinal tract and pancreatic tissue.54

Oral microbes and oral diseases.: How oral microbes spread

through translocation or spread to the pancreas has been con-

firmed by microbiologists.55 Xiaozhou et al. found in a case-

control study that oral pathogens are associated with high risk

of PC.56 Currently, key microorganisms associated with PC are

Fusobacterium, Streptococcus mitis (S. mitis), Porphyromonas

gingivalis (P. gingivalis), and Neisseria elongata (N. elon-

gata).34 Periodontitis is directly linked to colorectal cancer,57

PC,58,59 and extraintestinal tumors.60-62 Corynebacterium and

lectins are associated with a high risk of PDAC.56

Gastrointestinal microbiota.: The gut microbiota is a com-

plex ecosystem consisting of the largest microbial community

in the human body.63 The microbes in the microbiota interact to

protect the body from infection, which in turn allow the gastro-

intestinal tract to function normally. The hydrolase secreted by

the pancreas requires intestinal bacteria to break down; and the

pancreatic juice has antibacterial activity, protects the pancreas

from retrograde infection, and helps maintain the normal func-

tion of the intestinal flora. In recent years, studies have revealed

the potential pathogenic role of intestinal microbes in PC.

Intestinal microorganisms can be linked to the pancreas

through the circulatory system or the bile duct (transduc-

tion).34,64,65 The main microorganisms are Helicobacter pylori

(H. pylori), Hepatitis B Virus (HBV) and Hepatitis C Virus

(HCV). The role of H. pylori in PC has been controversial.66-69

Researchers have drawn different or even opposite conclusions

through epidemiological methods such as cohort studies,70,71

case-control studies,72,73 and meta-analyses,72,74 suggesting that

H. pylori may not directly interact with PC, but rather is related to

its occurrence and indirect association with PC through inflam-

mation and immune evasion.75

Intrapancreatic microbial system.: It has long been believed

that most microorganisms cannot survive in the pancreas

because the pancreas secretes a large amount of strongly alka-

line pancreatic juice and proteases.76 However, some research-

ers have found that the number of microorganisms in the
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pancreas of PDAC patients is 1000 times that of the normal

control group by RNA probe and PCR technology.65,77 A com-

parative study showed a significant increase in the number of

Bifidobacteria, g-Proteus, H. pylori, and Clostridium bacteria

in the pancreas of patients with PDAC. Proteus g may be

related to the drug resistance of the anticancer drug gemcita-

bine.78 Clinical studies have shown that H. pylori activates

pathways that control the growth and progression of pancreatic

PDAC, which may be related to the malignancy of PC.79 In the

prognostic assessment of PC, the presence of Fusobacterium

can significantly shorten the survival of patients with

PC.56,80(Figure 1)

Smoking

Among the factors associated with PC, smoking is the most

important modifiable factor. A case-control study demon-

strated that smokers had a 74% increased risk of PC.81,82 The

expression of stem cell markers in PDAC cells exposed to CSE

and NNN/NNK (Nicotine and Nicotine-derived carcinogens) is

significantly enhanced. Studies showed that cigarette smoke

and its ingredients could increase the stem cell characteristics

of pancreatic cells. The stem cell characteristics enable cancer

cells to self-renew and differentiate into other cell types. The

specific mechanism may involve CHRNA7 mediates the signal

transmission and activates Fosl1 expression through the ERK1/

2 pathway, thereby enabling the activation of the promoters of

both Fosl1 and PAF1.83

In recent years, e-cigarettes have been proposed as long-

term alternatives to traditional smoking or as a means of quit-

ting smoking by heating nicotine; however, there is very little

data on their effectiveness and safety. Thus, the relationship

between e-cigarettes and pancreatic diseases remains to be

elucidated.

Alcohol

A cohort study of 2187 patients with PC found that the risk of

illness was significantly higher in people who drank more than

30 g per day (RR: 1.22, 95% confidence interval (CI): 1.03–

1.45).84 There was also a meta-analysis that found that low- and

moderate-drinking alcohol was not associated with PC risk, and

there was a dose-response relationship between alcohol con-

sumption and risk in high-drinking populations.85

Chronic Pancreatitis

There is growing evidence that CP is an independent risk factor

for PC.86 CP is a progressive inflammatory state of the pan-

creas that causes pancreatic fibrosis and loss of islet cells.87

Frequent seizures of CP can lead to disease progression, as well

as pancreatic exocrine and/or endocrine insufficiency, eventu-

ally leading to abnormal pancreatic enzymes. CP may also

disrupt the endoplasmic reticulum, mitochondria, and lysoso-

mal autophagy systems of pancreatic cells and can lead to

cellular DNA damage, chromosomal mutations, and oncogene

activation. A large cohort study and case-control study found

that the combined relative risk of PC in CP patients was esti-

mated to be 13.3.87

Obesity

For rapidly proliferating cancer cells, lipid oxidation and bio-

synthesis are essential for cell survival. Compared with non-

tumor tissue, fat can make cancer cells more viable.88

Epidemiological evidence suggests that obesity is an impor-

tant risk factor for PC. The KRAS mutation, a ring network

between the YAP gene and obesity, contributes to the forma-

tion of PC.47 It was confirmed by the genetically engineered

mouse disease model that the KRAS mutation is the initial

event of PC. However, the oncogenic KRAS mutation needs

to interact with environmental, nutrient, and metabolic stres-

sors (inflammation and obesity), which together lead to the

downstream effector gene activated of pancreas tumor cells.89

At the same time, changes in Type 2 diabetes mellitus (T2DM),

insulin resistance, inflammation, intestinal microflora90 and

gastrointestinal peptides91 can enhance/adjust downstream sig-

nals. There is evidence that fat distribution can also affect

cancer risk. It is recommended to use the waist-to-hip ratio

or waist circumference to measure the development of certain

cancers together with the body mass index (BMI).47,92 Cancer

cells have been shown to have the flexibility to use alternative

and easily available carbon sources for biosynthesis

processes.88

Diagnostic Investigations

Histological Examination

Histopathology analysis and/or cytology are the “gold

standard” for the diagnosis of PC. Except for patients under-

going surgical resection, the remaining patients should strive

Figure 1. Microbial system associated with pancreatic cancer.
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for a clear pathological diagnosis before formulating a treat-

ment plan. Current methods for obtaining histopathology or

cytology specimens include: (1) Endoscopic ultrasonography

(EUS) or computed tomography (CT) guided biopsy: (2)

ascites cytology; or (3) exploratory biopsy under laparoscopy

or open surgery diagnosis.

Tumor Biomarkers

In recent years, our knowledge of PDAC molecular changes has

grown significantly and has helped identify new serum tumor

markers. Currently, there are 6 common tumor biomarkers

(CA19-9, CA242, carcinoembryonic antigen [CEA], CA125,

microRNAs and K-RAS gene mutations) in PC.93 The combi-

nation of tumor markers and imaging methods may be the first

choice for early screening for PC.94 According to reports in the

literature, the combination of CA19-9 and CA125 increased

sensitivity compared to CA19-9 alone, and the combination of

serum CA19-9 and CEA increased specificity by 84%.95 Other

researchers have shown through meta-analysis that the CA19-9

and CA242 combination, or CA19-9 and K-RAS gene mutation

or endoscopic retrograde cholangiopancreatography and EUS

may be more diagnostic than separate detection.96-99 There is

also evidence that the combination of microRNAs and CA19-9

is more accurate.100,101 In recent years, advances in cytology and

genomics have been used in conjunction with serum tumor mar-

kers for early diagnosis of PC. In the early stages of PC, tumor-

associated macrophages (TAM) have been reported to be

associated with a decrease in neutrophils and T cells.102 Among

genes related to PC, including KRAS, TP53, CDKN2A, Smad4,

PDAC1 and BRCA2.103,104 CA19-9 is the most commonly used

indicator for postoperative detection in PC recurrence and prog-

nosis.102,105 B7-H4, IL-6, IL-8, and IL-10 are indicators for

assessing poor prognosis in PC.106,107

In recent years, circulating cell-free DNA (CfDNA) and

mutation-specific circulating cell-free tumor DNA (CftDNA)

have been identified as new potential biomarkers. The current

studies show that there is a statistically significant correlation

between changes in cfDNA and cftDNA concentrations and

treatment response. Therefore, cfDNA and cftDNA may

become new biomarkers for evaluating the efficacy of cancer

after treatment, and because of their correlation with the tumor

volume of metastases, they can also be used as tools to estimate

tumor volume.108

Computed Tomography/Positron Emission Tomography

In the diagnosis of suspected pancreatic lesions, assessment of

resectability of PC, assessment of vascular invasion and diag-

nosis of metastatic disease, multidetector computed tomogra-

phy (MDCT) is now a routine examination.

MDCT can display not only small branch vessels and peri-

pancreatic vessels, but also vascular anatomical variations,

which can better understand the details of the lesions and the

spatial anatomical relationship, show the changes in tumor

morphology and changes in the density of various tissues,

which is conducive to reflecting the stage of PC, which is

related to whether surgical resection is performed. At the same

time, the degree of invasion of surrounding organs and blood

vessels can be determined, and the characteristics of metastatic

foci can be observed. Furthermore, the influence of respiratory

movement can be avoided, thereby reducing the potential for

missed diagnosis of small lesions.109

The diagnostic criteria for staging refer to the PC staging

established by the Japanese Pancreatic Case Association Cri-

teria: Stage I, tumor diameter is less than or equal to 2 cm, no

vascular invasion and metastasis; Stage II, tumor diameter is

greater than 2 cm and less than 4 cm, enveloped cancer cell

infiltration, no vascular invasion, metastasis; Stage III, tumor

diameter is greater than 4 cm, with existence of nearby lym-

phatic metastasis; and Stage IV, tumor diameter is greater than

4 cm, with evidence of distant lymph node metastasis.

Positron emission tomography (PET) can reveal molecular

information such as fine tissue function and metabolism in the

body. PET-CT can diagnose tumors and other diseases early.

Due to the active metabolism of tumor cells, the ability to take

up imaging agents is 2-10 times that of normal cells, forming an

obvious “light spot” on the image. Therefore, before the tumor

has produced anatomical changes, hidden microscopic lesions

(greater than 5 mm), to achieve the purpose of early detection

and diagnosis of PC.110

Endoscopic Ultrasonography

Several reports in the literature have indicated that is superior

to MDCT for the diagnosis of PC. In a retrospective study, the

sensitivity of EUS and MDCT for the diagnosis of PC was 98%
and 86%, respectively.95 In clinical studies, EUS-guided tissue

specimens (EUS-TS) and endoscopic retrograde

cholangiography-guided tissue specimens (ERCP-TS) are 2

common methods. In a prospective study of 125 patients,

EUS-TS was superior to ERCP-TS in assessing biliary stricture

caused by pancreatic disease, especially PC.111

Magnetic Resonance Imaging

In recent years, due to the development of magnetic resonance

imaging (MRI) technology, MRI findings, accurate staging,

and surgical resectability of PC have been receiving much

attention. MRI can also dynamically reflect the movement and

chemical shift of water molecules in the lesion, and can effec-

tively combine function and morphology.112 There was no sig-

nificant difference in the frequency of MRI staging and

pathological staging (P > 0.05). This result indicates that MRI

staging is completely consistent with the surgical staging. The

MRI results of I/II or III/IV staging of PC showed an MRI

sensitivity of 1.00 and a specificity of 0.67.113 Differential

diffusion-weighted imaging (DWI) is a specific MRI tech-

nique, and 2 studies have shown that DWI plays a large role

in distinguishing PC from mass formation,95,112 because MRI-

DWI allows accurate depiction of pancreatic lesions without

radiation exposure. In the preoperative staging and resectability
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assessment of PC, MRI-DWI may be more clinically mean-

ingful than MDCT.

Endoscopic Retrograde
Cholangiopancreatography

Endoscopic retrograde cholangiopancreatography (ERCP) is

used to diagnose pancreatic head cancer and allows for cyto-

pathological examination at the trans-nipple bile duct stent. It is

more diagnostic in the case of exogenous bile duct stricture. It

allows biopsy from the ampulla of a pancreatic tumor, and if

there is cholestasis in the head of the pancreas, the stent needs

to be placed in the bile duct. It allows more operability. Some

researchers believe that the combination of brushing cytology

and aspiration cytology during ERCP can improve the diagnos-

tic accuracy.114 In addition, probe-based confocal laser endo-

scopes exhibit high sensitivity in detecting malignant tumors in

pancreaticobiliary stenosis.115

Treatment

Traditional PC treatment includes surgery, chemotherapy,

radiotherapy, and palliative care. In recent years, research on

targeted therapy, immunotherapy, and microbial therapy has

become more and more in-depth, and may be combined with

traditional methods for the treatment of PC in the future. Simi-

larly, the stage of PC determines its treatment.

Surgery

Surgical Resection Indication

Surgical treatment is considered the only way to cure PC. It can

significantly prolong survival. Surgical resection can be

divided into resectable PC, handover resectable PC, unresect-

able PC (local progression), or combined with distant

metastasis95

Cooperation With Neoadjuvant Therapy

To achieve better local tumor control and ultimately improve

patient survival and quality of life, it has been demonstrated in

many clinical trials in the United States, Europe, and Japan that

surgical resection is more likely if full-dose chemotherapy is

given prior to surgery. Patient survival and quality of life

increased significantly. Preoperative chemotherapy/radiation

may eliminate potential metastatic lesions, and preoperative

treatment may be more effective than postoperative treatment,

possibly due to poor drug delivery and low sensitivity after

tumor removal.116 Neoadjuvant chemotherapy should be

applied to make local tumors easier to surgically remove.

In general, arterial-affected PC is considered unsuitable for

resection. In a study of patients with unresectable PC, 76 of the

125 patients (61%) were able to undergo tumor resection after

neoadjuvant chemotherapy, with a significant increase in the

median survival period.117

Surgical Techniques

PC resection includes total pancreatectomy, distal pancreatect-

omy plus splenectomy and pancreaticoduodenectomy. How-

ever, only 10% of patients are diagnosed with early-onset

PC, and standard excision methods can be used. About 60%
of patients have metastatic disease or poor performance.

There is evidence that the prognosis is worse in patients with

para-aortic lymph node (PALN) metastases, but PALN is insuf-

ficient evidence of a grade I contraindication for surgery.118

Laparoscopic surgery has now been performed in large hos-

pitals for the treatment of PC. A retrospective cohort study has

shown that laparoscopic PC resection allows patients to return

to their diet earlier and reduce hospital stays with less trauma.

But this technology is more demanding for doctors.119

In the past few decades, PC surgery has become quite safe

and the risk of postoperative mortality has dropped to 3%.

However, the risk of postoperative prevalence remains high,

and the high invasiveness and metastasis of PC should be an

important area of ongoing research. With the development of

modern technology, surgical indications have expanded from

resectable PC (stages I and II) to locally advanced disease

(stage III). Surgical resection will still be the basic means of

treatment for patients with PC. For stage IV patients, PC

patients with distant metastases are not recommended for

tumor reduction surgery, and some patients with distant iso-

lated metastases can undergo surgical evaluation after tumor

shrinkage after long-term chemotherapy.120

Chemotherapy

Chemotherapy is an important part of the comprehensive treat-

ment of PC. Studies have shown that after radical resection,

adjuvant chemotherapy can significantly improve disease-free

survival and overall survival of patients with PC. After radical

resection, modified leucovorin, 5-fluorouracil, irinotecan, and

oxaliplatin (MFOLFIRINOX) are often used for 6 months of

adjuvant chemotherapy, or 6 months of gemcitabine and cape-

citabine. In patients with metastatic PC, the preferred option is

the FOLFIRINOX regimen, gemcitabine and NAB-paclitaxel in

combination with chemotherapy. If the patient is not suitable for

combination chemotherapy, gemcitabine is the first choice. For

patients with locally advanced PC, combination therapy with

chemotherapy and radiation therapy is the first choice for this

type of patient, with gemcitabine (with or without erlotinib)

combined with 54 Gy. Currently, researchers are investigating

other forms of topical therapy such as radiofrequency ablation,

high-intensity focused ultrasound, microwave ablation, irrever-

sible electroporation, and topical anti-KRAS therapy (using

siG12D-Loder). In patients with locally advanced unresectable

cancer, neoadjuvant therapy combined with chemotherapy and

surgical treatment is the only opportunity for secondary surgery

in such patients.121 In the future, specific treatments based on the

molecular characteristics of patient organs will become a reality

and have considerable prospects.122
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Radiotherapy

Radiation therapy uses X-rays to destroy or damage cancer

cells, making them unable to proliferate. Radiotherapy is

mainly used in patients with locally advanced PC. Multiple

studies have shown that in patients with advanced PC, receiv-

ing chemotherapy was no better than continuing chemotherapy

is better and does not improve patient survival.123,124 In clinical

use, there are 4 main forms of radiotherapy:

1. External beam radiation therapy, which uses external

radiation therapy sources that emit X-rays, gamma rays,

electrons or heavy particles. However, the surrounding

tissue is greatly damaged, and this treatment requires

multiple courses of treatment;

2. Brachytherapy, which is mainly used for internal radio-

therapy by surgery or laparoscopy in the pancreas or

adjacent to the pancreas. It can be administered in the

form of single or multiple scores and in combination

with external radiation therapy.125

Targeted Therapy

Targeted therapy is very successful in many types of cancer.

For example, EGFR or VEGF-directed antibodies in colorectal

cancer, trastuzumab in HER-2 positive breast cancer, or tyro-

sine inhibitors in non-small cell lung cancer subpopulations,

such as crizotinib. Although the Food and Drug Administration

(FDA) has recently approved pembrolizumab as a targeted

treatment for PC, to date, all other targeted drugs have failed

in PC patients, including affrecept, cetuximab, sorafenib, bev-

acizumab, and axitinib. The available evidence preliminarily

indicates that the efficacy in PDAC patients with HA-high

expression depends on PEGPH20 when PARP inhibitors are

used in combination with NAB-paclitaxel/gemcitabine.126

Recently, 19 patients with metastatic PC were clinically

studied. They underwent a molecularly tailored treatment regi-

men. These patients received dual treatment with gemcitabine

and oxaliplatin. The results showed that 55% of patients had

tumor markers reduced by >50%. Partially relieved and stable

patients were 28% and 50%, respectively. However, 7 (88%)

patients still died within 3 months after treatment, and the rest

received second-line treatment.127 New targets for targeted

therapy for PC have recently been identified, such as PEGPH20

and CKAP4.128

Because PC tumor cells carry unique genetically driven

mutations, this poses a huge challenge for molecular targeted

therapy.

Immunotherapy

Immune checkpoint blockade (ICB) therapy is now approved

for various types of cancer, such as melanoma, lung cancer,

renal cell carcinoma, and head and neck squamous cell carci-

noma.129 However, PC is considered to be a less immunogenic

cancer. The microenvironment of PC tumors is thought to

create an immunosuppressive environment. Therefore, there

is currently no immunotherapy approved for patients with

PC. Monotherapy of CTLA-4 or PD1 inhibitors is essentially

ineffective in PC, and many clinical studies have tested immu-

notherapy in combination with chemotherapy, chemoradiother-

apy, vaccines, and cytokine antagonism.130 In theory, clinically

relevant drug chemotherapy should reduce the immune

response, but clinical studies have shown that the patient’s

immune status does not change.131,132 Radiation therapy can

cause tumor macrophages to obtain an immunosuppressive

phenotype and to disable T cell-mediated anti-tumor responses,

thereby inhibiting cellular immune function. Nonetheless, the

FDA approved the use of pembrolizumab in the treatment of

microsatellite unstable cancers unrelated to the type of cancer,

which is contrary to the conclusion that radiotherapy reduces

cellular immune function. This milestone study is ongoing.133

However, certain tumors develop resistance and relapse dur-

ing ICB treatment. Some intrinsic factors of immune cells and

tumor cells may affect the patient’s response to ICB, including

T cell infiltration; T cell and innate immune cells activate

differentiation and antigen presentation to MHC-1 mole-

cule.134 Recently, a study from the United States made a break-

through in immunotherapy, and the results showed that

interferon (IFNs) is a double-edged sword in the tumor immune

response. IFNs activate dendritic cells at the initial stage to

promote cross-activation of tumor-specific CD8þ T cells, but

sustained IFNs can produce negative feedback, causing T cell

failure to produce immunosuppression.135 Another study on

enhancing the efficacy of tumor immunotherapy has made

breakthroughs. It has shown that inhibiting IFNG signaling

pathway in tumor cells can enhance the body’s ability to adapt

to tumor cells or innate immune killing, and improve the effi-

cacy of immunotherapy.136

Microbial Therapy

There is now strong evidence that the human microbiota plays a

key role in regulating cancer development and response to

cancer treatment. It affects the response of intestinal and par-

enteral tissues to cancer treatment.30 In one study, the research-

ers transplanted intestinal bacterial extracts from PC hosts into

a mouse model and found that macrophages in the bacterial

extract of patients prevented the activation of CD4þ and

CD8þ T cells. Decreased ability to present antigenic macro-

phage antigens induces higher activation of different pattern

recognition receptors (PRRs) in tumor macrophages. In con-

trast, PCs that grow in antibiotic ablation hosts show signifi-

cantly opposite results.137

To date, the results of intestinal microflora forming systemic

immunity and tumor-specific immunity in PC have been con-

firmed, but the mechanism remains to be studied. For example,

it is unclear whether gut microbes only regulate tumors affect-

ing immune cells in distant intestinal/intestinal-associated lym-

phoid tissue barriers or whether microbes need to affect local

antigen presentation in tumor and tumor-draining lymph

nodes.138 In addition, differential effects of microbial-derived
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metabolites have been reported to regulate PDAC immunity.

This poses a challenge for clinically targeted tumor-targeted

synthetic bacteria and probiotics. At the same time, the role of

microbial-derived metabolites and microbial-matrix interac-

tions in metastatic disease remains unclear.139 Several studies

have shown that human microbes and gut bacteria are impor-

tant components of the PC tumor microenvironment, and

microbial conditioning such as fecal transplantation is a strong

candidate for future clinical trials.140

In the future, how microflora contributes to the establish-

ment and maintenance of immune tolerance is the focus of

research in the attempt to find novel treatment strategies. A

detailed analysis of the PC-associated microflora can be used

to identify specific communities that play a positive or negative

role in the development and progression of PC, thereby allow-

ing more selective methods to modulate responses.

Palliative Care

Because PC patients need palliative care at some point, pallia-

tive care is as important as other treatments. Percutaneous bile

duct drainage, surgical gastrojejunostomy, and endoscopic

duodenal stents are the 3 main approaches form management

of patients with gastric outlet obstruction.95

Future Treatment Directions for Pancreas Cancer

The limitations of current PC treatment strategies have led to

the need for new therapeutic approaches, clinical studies of

oncolytic virus therapy, combination of microbial and che-

motherapy, immunotherapy, and gene editing techniques are

considered to be promising.3

Conclusions

At present, we still know very little about the etiology of PC,

and researchers need further large-scale prospective research to

better understand the risk factors, new methods of diagnosis

and treatment related to PC.

PC is clearly familial, and screening for high-risk individu-

als, including the familial PC family, will identify more

patients with early-stage PC, which will increase the life-

span of PC patients. However, for potential targets, the best

screening age, the time interval at which screening should be

performed, or optimal imaging techniques have not yet been

determined. Previous studies have shown that the occurrence

and metastasis of PC are associated with microorganisms. The

human microbial system may be related to the formation of

markers, which can potentially regulate the sensitivity of

tumors to therapeutic drugs, which is very beneficial for

improving the therapeutic effect of PC. Microbial systems can

be combined with chemotherapy and immunotherapy, which

may bring great hope to patients with PC. However, there is

still much controversy in this field. The human microbial sys-

tem may be related to many factors such as smoking, obesity,

dietary intake, etc. These factors are also important factors

leading to the development of PC cells. Therefore, it is helpful

to understand the microbial system as another variable in PC

involved in stimulating the medium and bridge of cancer occur-

rence and development, or the triggering of a series of reactions

by itself.

To find an application for the microbial system in the future,

we can improve the effectiveness of treatment by monitoring

changes in the microbiome superiority during the progression

of PC and developing methods to improve the cancer-associated

microbial system. The emergence of immunogenomics and gut

microgenomics in the life sciences will bring about a huge

breakthrough in the relationship between microbial systems and

immunotherapy, and may lead to exciting clinical applications in

improving the lifespan of patients with PC.

Immunotherapy for PC has encountered difficulties at this

stage, as most immunotherapeutics that have been shown to be

effective against other malignancies have not been successful

against pancreatic tumor cells to date, possibly related to the

immune tolerance mechanism of PC.

At present, we know very little about the etiology of PC, and

researchers need to engage in further large-scale research to

better understand the risk factors associated with PC and find

new diagnostic and treatment methods for PC, which will pro-

long the survival of PC patients.
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