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Abstract 
Chronic pancreatitis (CP) is a multifaceted disorder influenced by environmental and genetic factors, with smoking and alcohol 
consumption being major contributors. Recent developments encompass the advent of innovative transgenic models and the 
identification of susceptibility genes, shedding light on the genetic aspect of CP. The pathogenesis of this disease involves a 
complex interplay of pancreatic acinar cell dysfunction, inflammatory reactions, and fibrosis. Current research delves into under-
standing these molecular mechanisms. Pain, a pivotal symptom of CP, has been increasingly studied to develop effective ther-
apeutic interventions. Diagnostic advancements, including endoscopic ultrasound, radiomics, and blood-based markers, have 
shown potential in enhancing early CP detection. Moreover, recent clinical trials have optimized treatment approaches, such as 
pancreatic stone fragmentation, stent placement, and decision-making between endoscopic and surgical procedures. Emerging 
therapies, including chemical pancreatectomy and gene therapy, present promising opportunities for improved CP management.
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Introduction
Chronic pancreatitis (CP) is a progressive fibrotic inflammatory 
disease of the pancreas, which is associated with environmental 
factors such as alcohol consumption and smoking, as well as 
certain gene mutations. In this condition, the pancreatic tissue 
undergoes repeated inflammation due to various stimuli, lead-
ing to progressive pathological alterations including pancreatic 
atrophy, calcification, fibrosis, and ductal changes.[1] The patho-
physiological process involves the damage and dysfunction of 
pancreatic acinar cells, secondary inflammatory reactions, and 
activation of pancreatic stellate cells (PSCs). Patients with CP 
often experience recurrent or persistent abdominal pain, along 
with troublesome complications like pancreatic endocrine and 
exocrine insufficiency, manifested as diabetes and steatorrhea.[2] 
The global incidence of CP is approximately 4.4 to 14 cases 
per 100,000 persons per year, the prevalence is 36 to 125 per 
100,000 persons. These numbers have been on the rise in recent 
years, imposing a substantial social and economic burden.[2,3] 
Therefore, it is crucial to further explore the pathogenesis of 
CP and develop novel methods for early diagnosis and cura-
tive treatment. In recent years, extensive studies have been 
conducted to enhance our understanding of the etiology, patho-
genesis, clinical features, diagnosis, and treatment options for 

CP. This review aims to provide an overview of the recent prog-
ress in both basic and clinical research in this field.

Database and literature searching strategy
We searched PubMed, MEDLINE, Embase, and Web of Science 
for articles on CP published until December 1, 2023, using 
keywords connected with Boolean operators. Inclusion criteria 
encompassed primary studies in etiology, pathogenesis, diag-
nosis, and treatments. Exclusion criteria included case reports, 
commentary/editorials, duplicate articles, studies where full text 
was not available or could not be accessed, and non-English 
publications. Study selection was performed in 2 stages: Initial 
screening of titles and abstracts was conducted by 2 reviewers 
independently, and discrepancies were resolved by consensus. 
The second phase involved full-text evaluation of the shortlisted 
items.

Etiology of CP

Environmental factors

Alcohol consumption and smoking are 2 significant environ-
mental factors associated with the occurrence and progres-
sion of CP. Daily alcohol intake within the range of 25 to 50 g 
increases the possibility of developing CP by approximately 1.5 
times, while smoking 15 to 25 cigarettes per day can double 
the risk of CP.[4] Alcohol has traditionally been recognized as 
the primary risk factor for CP, with a significant attributable 
risk of 40%.[5] However, the role of tobacco in this disease may 
have been underestimated. An observational study highlighted 
that smoking emerged as the major factor for CP in the general 
population, with population-attributable fractions of 38% for 
males and 31% for females. These numbers surpassed the pro-
portions attributed to alcohol consumption, which were 7% for 
men and 3% for women, respectively.[6] Moreover, the clinical 
course of CP can also be influenced by tobacco and alcohol. 
In advanced stages of CP, patients may develop various com-
plications, including pseudocysts and pancreatic endocrine and 
exocrine insufficiency.[1] Numerous studies have provided evi-
dence of the relationship between these factors and the occur-
rence of CP complications. Tobacco and alcohol have recently 
been proven to accelerate the progress of pancreatic endocrine 
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and exocrine insufficiency, and have a dose-dependent relation-
ship with calcifications, underweight, pain, and pseudocysts.[7,8] 
Specifically, smoking increases the odds of fibrotic complica-
tions and pancreatic insufficiency, while patients with alcoholic 
etiologies are more susceptible to inflammatory complications.[9]

It is well-established that alcohol and its oxidative and 
non-oxidative metabolites exert toxic effects on acinar cells, 
resulting in disruption of cellular functions and induction of 
endoplasmic reticulum (ER) stress and oxidative stress.[10–12] One 
prominent component found in tobacco, 4-(methylnitrosamino)- 
1-(3-pyridyl)-1-butanone, exacerbates the damage to acinar cells 
by binding to nicotine acetylcholine receptors.[13] Additionally, a 
recent study[14] demonstrated that exposure to combined alcohol 
and tobacco in mice resulted in the formation of malondialdehyde- 
acetaldehyde (MAA) adducts in the pancreatic extracellular 
matrix (ECM) proteins. This adduct formation inhibited the 
unfolded protein response of acinar cells, induced ER stress, 
and impeded acinar cell regeneration. Importantly, even after 
the removal of stimuli, the MAA adducts and their deleterious 
effects persisted, suggesting persistent pancreatic damage caused 
by the combination of tobacco and alcohol.

Genetic factors

Currently, it has been discovered that mutations in genes encod-
ing cationic trypsinogen (PRSS1), serine protease inhibitor 
Kazal type 1 (SPINK1), chymotrypsin C (CTRC), cystic fibro-
sis transmembrane conductance regulator (CFTR), and other 
genes can modify the risk of CP through trypsin-dependent, 
misfolding-dependent, and ductal pathways.[15] The premature 
activation of trypsinogen in pancreatic acinar cells is considered 
a pivotal event in the development of CP.[16] PRSS1 and SPINK1 
are among the genes involved in trypsinogen activation. Specific 
mutations in PRSS1, such as R122H and K23R, have been 
shown to increase sensitivity to inflammatory stimuli by ele-
vating trypsin activity. This has been confirmed in novel trans-
genic animal models, shedding light on the in vivo mechanism 
of PRSS1 mutations in hereditary pancreatitis.[17–19] SPINK1, a 
protein secreted by acinar cells, plays a role in mitigating the 
detrimental effects of excessive trypsinogen activation by inhib-
iting trypsin activity.[20] Mutations that trigger loss of function 
of SPINK1 are also implicated in the development of CP. In a 
study by Sun et al,[21] a heterozygous Spink1 c.194 + 2t>c mutant 
mouse model was constructed, which directly developed CP 
without the presence of any cofactors. This model offers an ideal 
platform for further investigation into the pathogenesis of CP 
and the identification of potential therapeutic targets.

In addition to genes associated with proteases and their 
inhibitors, the pathogenesis of CP also involves genes encod-
ing lipases. The carboxyl ester lipase (CEL) gene can undergo 
homologous recombination with its tandem pseudogene (CELP) 
to form a hybrid allele called CEL-HYB1. This hybrid allele 
which induces defective protein secretion and secondary auto-
phagy has been found to be significantly enriched in European 
patients with nonalcoholic CP (NACP).[22] Our team[23] further 
investigated the underlying mechanism of this variant in vivo 
and observed that the mutant protein induces ER stress in aci-
nar cells at an early stage, followed by deficient autophagy at a 
later stage. These events are likely associated with the observed 
spontaneous focal lesions in the pancreas and an increased risk 
of CP in coordination with environmental factors. Variants in 
the gene encoding pancreatic lipase (PNLIP) have also been 
linked to CP risk. This was initially reported in 2 brothers with 
homozygous PNLIP T221M mutations, who exhibited pan-
creatic exocrine insufficiency (PEI).[24] Zhu et al[25] provided 
evidence for the potential mechanism by generating mice with 
homozygous human PNLIP T221M mutations, which led to 
spontaneous CP changes through protein misfolding and ER 
stress in vivo. Furthermore, a recent study in several European 

NACP cohorts[26] discovered missense mutations in PNLIP that 
enhance protein degradation by proteases. These mutations may 
also contribute to the risk of CP, although further investigation 
is needed to elucidate the underlying mechanisms.

Continuous efforts have led to the identification of additional 
candidate genes associated with susceptibility to CP. Masamune 
et al[27] and our team[28] discovered that loss-of-function muta-
tions in transient receptor potential vanilloid subfamily mem-
ber 6 (TRPV6), a calcium channel protein, may disrupt the 
balance of Ca2+ in pancreatic cells and influence CP suscepti-
bility. Furthermore, mutations in chymotrypsin-like elastase 3B 
(CELA3B) have been confirmed to increase the risk of CP,[29,30] 
although further studies are needed to establish the exact causal 
mechanisms. It is widely recognized that genetic factors interact 
with environmental factors and collectively contribute to the 
progression of CP. This concept was validated by 2 studies con-
ducted by Hegyi et al[31] and our team,[12] which demonstrated 
that variations in the PRSS1-PRSS2 locus exhibit an alcohol- 
dependence effect on CP risk. These new discoveries have pro-
posed more comprehensive insights into the complex etiology of 
CP and its implications.

Molecular pathogenesis of CP
The development of CP is a complex process, primarily char-
acterized by pancreatic acinar cell damage, inflammatory reac-
tions, and fibrosis.[2] Recent studies have provided novel insights 
into the molecular mechanisms underlying these aspects (Fig. 1). 
The following sections outline the main findings in detail.

Pancreatic acinar cell damage

Acinar cell injuries attributable to various pathological stimuli 
are considered as the initial events in the development of CP. The 
stability of acinar cells requires the coordinated maintenance of 
various cell structures and molecules, among which mitochon-
dria serve as the source of the large amount of energy demand 
from acinar cells, and mitochondrial dysfunction can disrupt 
cell homeostasis and result in pancreatitis.[32] The transcriptional 
regulation of mitochondrial genes by estrogen-related receptor 
γ (ERRγ) in relation to maintaining mitochondrial function 
was examined. However, there is conflicting evidence regarding 
the role of ERRγ in CP. Choi et al[33] observed downregulated 
ERRγ expression in CP patients, resulting in reduced expression 
of genes related to mitochondrial oxidative phosphorylation, 
increased reactive oxygen species (ROS) formation, acinar cell 
death, and pancreatitis. Conversely, Chanda et al[34] reported 
upregulated ERRγ expression in mouse models of pancreatitis 
and CP patients’ pancreas. Increased ERRγ expression led to 
enhanced expression and oligomerization of voltage-dependent 
anion channel 1, leading to elevated levels of Ca2+ and ROS in 
mitochondria and acinar cell damage. Thus, the exact effect 
of ERRγ in CP remains controversial. Autophagy is crucial 
in maintaining acinar cell homeostasis by removing damaged 
structures. Disruptions in molecules that regulate autophagy 
have been implicated in the development of CP.[35] Vacuole 
membrane protein 1, an ER membrane protein involved in auto-
phagosome formation, was found to be downregulated in CP, 
leading to defective autophagy, ER stress, and activation of the 
nuclear factor erythroid 2-like 2 pathway, potentially contrib-
uting to CP pathogenesis.[36] Farnesoid X receptor (FXR) has 
recently been implicated in the restoration of effective autoph-
agy. As a transcription factor, FXR acts on its target gene oxi-
dative stress-induced growth inhibitor 1 (OSGIN1), increasing 
autophagy flux through the FXR-OSGIN1 axis and exerting 
a protective effect on CP.[37] Given that acinar cells produce a 
large number of digestive enzymes, regulatory mechanisms 
are necessary to manage their secretion and prevent ER stress. 
Fibroblast growth factor 21 (FGF21) stimulates acinar cells to 
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secrete digestive enzymes and maintain intracellular protein sta-
bility, which is disturbed in CP. The activation of the integrated 
stress response pathway in CP results in increased expression of 
the transcriptional inhibitor ATF3, leading to decreased FGF21 
expression and subsequent intracellular protein overload.[38] In 
summary, the pathways involved in acinar cell damage in CP 
have been further elucidated.

Inflammatory reaction

There are complex and diverse innate and adaptive immune 
responses involved in the progression of CP. The interactions 
between inflammatory cells and pancreatic cells contribute to 
the chronic injury of the pancreas.[35] Various inflammatory 
mediators form a complex immune regulatory network with 
specific molecular mechanisms. The protease A disintegrin and 
metalloproteinase 17 (ADAM17) has been observed to exacer-
bate CP progression. ADAM17 is capable of shedding bioactive 
inflammatory mediators, including soluble interleukin (IL)-6 

receptor, which activates the IL-6 trans signaling pathway and 
downstream signal transducer and activator of transcription 
3.[39] Additionally, the activation of the stimulator of interferon 
genes signaling pathway in leukocytes has been found to inhibit 
the differentiation of IL-17A+ cells, production of IL-17A, as 
well as downstream signals, resulting in a protective effect on 
CP.[40] The immune characteristics of CP with different etiolo-
gies have also been investigated. Lee et al[41,42] identified distinct 
immunological responses in hereditary CP (HCP) and idio-
pathic CP (ICP). HCP showed a higher proportion of CD3+ T 
cells, while ICP had a higher proportion of CD68+ macrophages. 
Specifically, HCP exhibited a higher enrichment of CCR6+CD4+ 
T cells compared to ICP. Moreover, the expression of CCR6 
ligand CCL20 on monocytes was significantly higher in HCP, 
indicating the pancreatic-specific immune crosstalk mediated by 
the CCR6-CCL20 axis.[41,42] Furthermore, a recent study using 
serum samples from a large pancreatitis cohort revealed that ele-
vated levels of IL-17A and CCL20 are key characteristics of CP, 
supporting the aforementioned findings.[43] These discoveries 

Figure 1.  Illustration for the recent progress in the molecular pathogenesis of CP. ADAM17 = the protease A disintegrin and metalloproteinase 17, Bmal1 = 
aryl hydrocarbon receptor nuclear translocator-like, CP = chronic pancreatitis, ERRγ = estrogen-related receptor γ, FGF21 = fibroblast growth factor 21, FXR = 
farnesoid X receptor, ILC2 = group 2 innate lymphoid cell, ISR = integrated stress response, Nr1d1 = nuclear receptor subfamily 1, group D, member 1, OSGIN1 
= oxidative stress–induced growth inhibitor 1, OXPHOS = oxidative phosphorylation, PAC = pancreatic acinar cell, PSC = pancreatic stellate cell, Rora = retinoic 
acid receptor–related orphan receptor A, ROS = reactive oxygen species, sIL-6R = soluble interleukin-6 receptor, STING = stimulator of interference genes, 
TGF-β = transforming growth factor-β, Treg = regulatory T cell, VDAC1 = voltage-dependent anion channel 1, VLDL = very low-density lipoprotein, VLDLR = 
very low-density lipoprotein receptor, VMP1 = vacuole membrane protein 1.



48

Mao et al  •  Journal of Pancreatology (2024) 7:1� Journal of Pancreatology

contribute new insights to the immune regulatory network of 
CP and present potential therapeutic targets for this disease.

Pancreatic fibrosis

Pancreatic fibrosis is a crucial pathological characteristic of CP, 
characterized by the activation of PSCs and excessive deposi-
tion of ECM in pancreatic tissue. This process ultimately leads 
to worsened pancreatic endocrine and exocrine dysfunction.[44] 
The activation of PSCs is influenced by numerous regulatory fac-
tors, including metabolites and the immune system. Lipoprotein 
metabolites have been identified as promoters of PSCs activa-
tion and fibrogenesis through their interaction with the very 
low-density lipoprotein receptor. This interaction enhances 
lipid metabolism in PSCs and stimulates the expression and 
release of IL-33, which triggers the accumulation of pancreatic 
group 2 innate lymphoid cells (ILC2s). Subsequently, the type 
2 immune response and PSCs activation are initiated, eventu-
ally eliciting fibrosis.[45] In addition, fibrogenesis is mitigated by 
FOXP3+CD25+ regulatory T cells (Treg cells). Treg cells suppress 
the type 2 immune response by inhibiting GATA3+ T helper 
cells, ILC2s, and CD206+ M2 macrophages to prevent fibro-
sis.[46] Long non-coding RNAs (LncRNAs) may also contrib-
ute to PSCs activation through autophagy-related mechanisms. 
Specifically, a lncRNA named lnc-PFAR can enhance PSCs acti-
vation by inhibiting the maturation of pre-miR-141, which in 
turn promotes retinoblastoma coiled-coil protein 1–induced 
autophagy.[47] Furthermore, the circadian clock system in the 
exocrine portion of the pancreas, which regulates the circadian 
rhythm of pancreatic secretion, has a protective effect on pan-
creatic fibrosis. Jiang et al[48] emphasized the importance of the 
retinoic acid receptor–related orphan receptor A/nuclear recep-
tor subfamily 1, group D, member 1/aryl hydrocarbon receptor 
nuclear translocator-like loop in maintaining the circadian clock 
and controlling fibrosis. These studies highlight potential targets 
for regulating fibrosis in CP, which could potentially contribute 
to the improvement or even reversal of this challenging irrevers-
ible disease.

Clinical assessment of abdominal pain
Abdominal pain is a common clinical symptom of CP, affecting 
more than 80% of patients.[2] The pain caused by CP can be cat-
egorized into intermittent or persistent patterns based on its fre-
quency. These patterns were previously believed to be associated 
with different pathological entities, mechanisms, and treatment 
strategies.[49] However, a recent prospective longitudinal study 
revealed that 61% of patients experienced changes in their pain 
patterns during the follow-up period, transitioning from severe 
and persistent pain to moderate and intermittent pain.[50] It was 
found that the different pain patterns were not related to treat-
ment strategies, but rather reflected the severity of the pain. These 
findings emphasize the importance of focusing on pain intensity 
rather than frequency in clinical practice. Patients with severe or 
persistent pain in CP are more likely to experience psychologi-
cal complications such as anxiety and depression.[51] These psy-
chiatric comorbidities have a significant impact on the disease 
characteristics and quality of life of CP patients, manifested as 
higher pain incidence, greater pain severity, and poorer quality of 
life.[52] The studies indicate a bidirectional relationship between 
CP-related pain and psychiatric disorders. Recent research con-
ducted by Dunbar et al[53] identified several candidate gene loci 
associated with anxiety and post-traumatic stress disorder, which 
overlapped with some gene loci linked to persistent and severe CP 
pain. This suggests a genetic connection between mental disorders 
and CP-induced pain, supporting the observations of a mutual 
influence between the 2. CP-induced pain is thought to be associ-
ated with aberrant alterations in the peripheral and central sen-
sory systems.[54] A comprehensive understanding of the specific 

pathogenesis of pain in each patient is crucial for effective pain 
management. In this regard, Phillips et al[55] developed an accessi-
ble clinical tool called the pancreatic quantitative sensory test for 
evaluating CP-induced pain. This test can classify patients into 3 
pain phenotypes based on changes in central pain processing: no 
hyperalgesia, segmental hyperalgesia, and widespread hyperalge-
sia.[55] Importantly, this method’s outcomes remain unaffected by 
potential mental disorders, providing a reliable measure of the 
nociceptive or pain-processing system without requiring addi-
tional psychiatric assessments.[56] Given the complex and multi-
dimensional nature of pancreatic pain, there is a lack of inclusive 
and validated questionnaires specific to this condition. In response 
to this, the Comprehensive Pain Assessment Tool for Chronic 
Pancreatitis (COMPAT) was developed to address all dimensions 
of pancreatic pain. To enhance its clinical applicability, a short 
form of COMPAT (COMPAT-SF) was created. COMPAT-SF 
includes 5 pain dimensions: pain severity, pain pattern, pain- 
provoking factors, widespread pain, and a qualitative pain- 
describing dimension. In the future, COMPAT-SF may serve as 
a feasible, reliable, and effective tool for pain assessment, assist-
ing clinicians in formulating personalized intervention strategies 
and improving patients’ quality of life.[57,58] As mentioned earlier, 
pancreatic pain is influenced by heterogeneous factors, including 
psychological disorders and abnormalities in sensory process-
ing. Research has shown that factors including pancreatic duct 
blockage, abnormal pain processing, and psychological compli-
cations often overlap, resulting in cumulative adverse effects on 
pain severity and quality of life. These findings underscore the 
importance of multidisciplinary management for pancreatic pain 
in CP.[59]

Diagnosis of CP
Imaging findings are routinely utilized in diagnosing CP. 
Noninvasive cross-sectional imaging techniques such as com-
puted tomography (CT) or magnetic resonance imaging (MRI) 
are commonly used to visualize the typical morphological 
changes associated with CP, including pancreatic atrophy, cal-
cifications, fibrosis, and ductal changes. However, these imaging 
modalities have limited diagnostic value in the early stages of 
CP. In contrast, endoscopic ultrasound (EUS) is a highly sensi-
tive method that can detect subtle morphological changes in the 
pancreas, making it superior to CT or MRI for early diagnosis.[60] 
A diagnosis of CP using EUS is based on morphological duc-
tal and parenchymal criteria. However, there is still controversy 
regarding the minimum number of EUS characteristics required 
to establish a diagnosis, considering both sensitivity and speci-
ficity. Moreover, there is a lack of consensus among specialists 
in diagnosing CP using EUS.[61] The endoscopic pancreatic func-
tion test after secretin stimulation (ePFT) is a practical tool for 
diagnosing PEI and is crucial in assisting with the diagnosis of 
suspected CP.[62] Recent studies have shown that ePFT can be 
safely and feasibly performed simultaneously with EUS evalu-
ation combined with secretin injection (s-EUS).[63] Furthermore, 
the combined results from these integrated methods have syner-
gistically improved the diagnostic accuracy of minimal change 
CP, providing valuable insights into early diagnosis. Despite 
its high efficacy in diagnosing early CP and PEI, the expensive 
cost and lengthy test duration of ePFT limit its clinical utility. 
In light of the evidence that the stimulated pancreatic bicarbon-
ate excretion measured by ePFT is significantly correlated with 
the degree of histological fibrosis,[64] there is potential diagnostic 
value in using EUS elastography (EUS-E) to quantify fibrosis lev-
els. Iglesias-Garcia et al[65] demonstrated a parallel correlation 
between EUS-E and ePFT (r = 0.715, P < .05), with an accuracy of 
93.4% for EUS-E in diagnosing CP. Thus, EUS-E shows promise 
as a reliable alternative to ePFT in assisting the diagnosis of sus-
pected CP. Regarding the diagnosis of PEI, noninvasive methods 
like pancreatic elastase-1 measurement and secretin-enhanced 
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magnetic resonance cholangiopancreatography (S-MRCP) may 
also be helpful.[66] Additionally, a radiomics model based on fully 
automated pancreas segmentation has been developed, demon-
strating superb diagnostic performance in predicting PEI (area 
under the curve [AUC] = 0.92). This model outperforms the mea-
surement of pancreatic flow output rate using S-MRCP.[67]

The lack of specific diagnostic markers collected from easily 
accessible samples such as blood has hindered the early preven-
tion of CP. To address this limitation, a large prospective cohort 
study successfully identified and validated metabonomic bio-
markers from plasma and serum for diagnosing CP. Eight metab-
olites, including β carotene and cryptoxanthin, were discovered 
to distinguish CP from healthy controls with respectable accuracy 
(AUC > 0.8). These findings form the basis for the development 
of the first routine laboratory indicators for CP detection.[68]

Management of CP
The primary objectives of managing CP currently are pain relief, 
symptom management, complication treatment, and disease pro-
gression delay. Physicians have various alternative therapeutic 
options at their disposal, including lifestyle modifications, med-
ications, and invasive therapies such as endoscopy and surgery.[1] 
These invasive treatments can be effective in addressing distress-
ing symptoms or complications that occur in advanced stages. 
Significant advancements have been made in recent years in the 
endoscopic and surgical management, and novel therapies for CP.

Endoscopic intervention

Endoscopic intervention is commonly employed for pain relief, 
intraductal stone removal, and management of pancreatic 
or biliary stenosis, primarily due to its minimal invasiveness. 
Guidelines recommend the extraction of stones in pancreatic 
ducts through endoscopic retrograde cholangiopancreatogra-
phy (ERCP), either alone or in combination with lithotripsy for 
stones larger than 5 mm.[69] Lithotripsy options include extracor-
poreal shock wave lithotripsy (ESWL) and single-operator pan-
creatography with intraoperative lithotripsy (SOPIL). ESWL is 
widely accepted as the first-line therapy due to its effectiveness, 
although some patients may experience acute pancreatitis, lead-
ing to additional burden.[70,71] Our team conducted a double- 
blind, randomized, placebo-controlled trial that provided a 
solution to this predicament. It proposed that preoperative rec-
tal administration of indomethacin was an effective and safe 
approach to prevent post-ESWL pancreatitis, reducing the inci-
dence rate by 25%, shortening hospital stays, and decreasing 
medical costs.[72] SOPIL is considered as an alternative when 
ESWL cannot be utilized or when its efficacy is poor. SOPIL 
allows for more precise stone localization under direct visual-
ization, minimizing damage to surrounding tissues. Prospective 
studies have demonstrated the efficacy and safety of SOPIL, with 
a complete stone clearance rate of 90% and a pain relief rate of 
82.4%.[73] The latest guideline also highlights that ESWL and 
SOPIL are usually complementary for the management of large 
and/or complex stones.[69] Endoscopic pancreatic stent implan-
tation is a treatment option for pancreatic duct stenosis and 
associated pain. Multiple plastic stents (MPSs) are commonly 
recommended for this purpose. Fully covered self-expanding 
metal stents (FCSEMS) are a relatively new method that offer 
advantages in reducing the need for stent replacement and ERCP 
procedures. However, emerging evidence suggests an increased 
risk of adverse consequences associated with FCSEMS.[74] 
Although efforts have been made to develop modified stents to 
overcome these issues, limited research has demonstrated satis-
factory efficacy and safety. One reformative flared FCSEMS with 
an anti-migration characteristic has been observed to frequently 
cause stent-related duct stricture.[75,76] Based on this informa-
tion, a recent prospective study evaluated a newly developed 

nonflared FCSEMS and confirmed its satisfactory performance. 
The study included 25 patients, all of whom showed resolution 
of pancreatic duct stenosis. Stent-induced neostenosis was not 
observed in any of the patients, but 1 patient experienced stent 
displacement, which required extra randomized controlled trials 
to validate its effectiveness.[77] Another study evaluated the effi-
cacy and safety of a new “soft” FCSEMS that remained in place 
for 6 months. However, this stent did not yield the expected 
outcomes and was associated with adverse events, including 
stent migration.[78] Therefore, more research is needed to deter-
mine the optimal decompression strategy, FCSEMS design, and 
the patient population to which it is applicable. In the man-
agement of CP complicated with benign biliary stricture (BBS), 
both MPSs and FCSEMS are appropriate treatment options. 
However, MPSs may require multiple ERCP procedures, which 
can increase the financial burden on patients. FCSEMS, on the 
other hand, with its larger lumen diameter, offers long-term 
efficacy in unclogging the obstruction and minimizes the need 
for repeated interventions. A recent multicenter randomized 
trial confirmed that FCSEMS is as effective and safe as MPSs in 
the treatment of BBS.[79] Furthermore, a 5-year follow-up study 
demonstrated the durable effect of FCSEMS in resolving ste-
nosis, with over 60% of patients remaining asymptomatic and 
stent-free, and the safety data were acceptable.[80] Moreover, a 
cost-effectiveness model supported the use of FCSEMS in reduc-
ing financial stress for patients.[81] Therefore, FCSEMS can be a 
prioritized treatment option for CP-related BBS when feasible.

In summary, for intraductal stones, ERCP combined with 
ESWL is prioritized. If this strategy proves ineffective or unsuit-
able, the utilization of SOPIL can serve as a viable alternative. It 
is crucial that a standardized protocol is designed to guide the 
choice between ESWL and SOPIL, based on existing evidence 
and future studies. For pain due to pancreatic ductal stricture, 
both MPSs and FCSEMS are effective. However, caution is 
advised when utilizing FCSEMS, particularly concerning the risk 
of adverse events. In the case of coinciding BBS in CP patients, 
the application of FCSEMS is a more favorable choice over 
MPSs where feasible, as it offers similar effectiveness but signifi-
cantly reduces the need for stent exchanges during treatment.

Surgery

Although the endoscopy-first strategy is regularly considered 
advantageous due to its minimally invasive nature, several stud-
ies have suggested that early surgery may be more beneficial 
for patients with CP. It has been observed that a significant 
number of patients initially treated with endoscopy eventu-
ally require surgical intervention. Randomized clinical trials 
comparing endoscopy and surgery have assessed the clinical 
outcomes in obstructive and symptomatic patients (Table 1). 
Collectively, early surgical drainage has shown superior long-
term pain improvement and reduced need for further operations 
compared to strategies prioritizing endoscopy.[82–85] Moreover, 
prompt surgical treatment has been found to be more cost- 
effective for patients experiencing pain.[86] Recently, a Chronic 
Pancreatitis Pain Relief Score (CPPR Score) has been developed 
to predict the likelihood of postoperative pain relief. This score 
incorporates various clinical and pathological manifestations 
such as pancreatic head enlargement, pancreatic duct dilatation, 
pancreatic calcification, pancreatic fibrosis, and alcohol-induced 
diseases. The CPPR Score has demonstrated a strong correla-
tion with positive prognosis, which may facilitate future clini-
cal decisions regarding the appropriate therapeutic schedule for 
patients.[87] These emphasize that physicians should carefully 
consider the potential benefits of early surgery when treating 
obstructive and symptomatic CP. The development of individ-
ualized treatment strategies should be based on specific clinical 
manifestations, pain patterns, and long-term management objec-
tives of the patient. Utilization of tools predicting postoperative 
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effectiveness is also encouraged. Active consideration should 
be given to surgical interventions that will effectively alleviate 
symptoms and reduce long-term healthcare costs.

Novel treatment strategies

Recent advances in the treatment of CP have aroused an explo-
ration of novel therapeutic approaches. A pivotal pathogenic 
mechanism of CP involves the persistently elevated levels of 
intracellular Ca2+. As an essential calcium influx channel on the 
plasma membrane, Orai1 has emerged as a potential target for 
intervention. A reduction in intracellular Ca2+ overload could 
be achieved through the selective inhibition of Orai1, which 
demonstrated a promising efficacy in halting the progression 
of early-stage CP toward the terminal stage. Thereby Orai1 
inhibitors may potentially serve as effective therapeutic agents 
for CP.[88] Total pancreatectomy with islet autotransplantation 
(TPIAT) is a viable option for refractory CP that involves the 
removal of inflammatory pancreatic tissue while preserving 
some endocrine function. However, TPIAT might be associated 
with a high morbidity rate and considerable loss of pancreatic 
islets during the process of isolation and reinfusion.[89] Recently, 
a novel approach utilizing acetic acid injection into the pancre-
atic duct, known as chemical pancreatectomy, has been devel-
oped. This promising technique has been observed to effectively 
ablate the exocrine pancreas while retaining the endocrine com-
ponent. In experimental models of CP, chemical pancreatectomy 
has shown promising results, including reduced inflammation 
and pain, improved glucose tolerance, and enhanced insulin 
secretion. Consequently, in the future, minimally invasive tech-
niques like ERCP may enable pancreatic chemical resection in 
humans, overcoming the limitations associated with conven-
tional tools, such as significant trauma and islet dysfunction.[90] 
As indicated earlier, genetic factors are significant etiologies for 
CP, with the dysfunctional variants of SPINK1 predominantly 
found in Asian populations. Notably, our team has established a 
recombinant adeno-associated virus vector facilitating SPINK1 
expression, which displayed dependable safety and effectively 
prevented the acute occurrence and progression of CP in vivo, 
providing a promising outlook for gene therapy for CP.[91]

Conclusion and prospects
This review offers a comprehensive overview of the latest advance-
ments in the etiology, pathogenesis, pain assessment, diagnosis, 
and management of CP. Through animal experiments and popu-
lation-based studies, several high-quality investigations have been 
conducted to assess the contribution of genetic and environmental 
factors to CP. These studies have provided valuable research mod-
els, furthered our understanding of underlying mechanisms, iden-
tified novel susceptible genes, and examined the synergistic effects 
of genetic and environmental factors. Additionally, there has been 
a focus on elucidating the molecular and cellular interactions 

involved in the dysfunction of pancreatic acinar cells, abnormal 
inflammatory reactions, and fibrosis, thereby expanding our 
knowledge of CP pathogenesis and potential therapeutic targets. 
Furthermore, this review examines the accurate evaluation, influ-
encing factors, and related psychiatric disorders of CP-induced 
pain, all of which provide a foundation for more effective pain 
management strategies. The advancement of imaging technology 
and the identification of blood-based diagnostic metabolites have 
also contributed to improving the accuracy and convenience of 
early diagnosis, although innovative methods and applications 
are still needed in this area. Moreover, new studies and interna-
tional guidelines have guided endoscopic and surgical treatments 
for CP, proposing novel therapeutic approaches based on existing 
tools. However, there is a pressing need for early preventative and 
curative therapies. Most studies in this field are limited to animal 
experimentation, and there exists a disconnect between basic and 
clinical research. It is crucial to develop feasible treatments based 
on the identified molecular targets, rigorously evaluate their 
efficacy and safety, expedite the transition to clinical trials, and 
upgrade the current treatment paradigm from symptomatic relief 
to complete restoration.
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Table 1

Randomized controlled trials comparing clinical outcomes of endoscopy and surgery for obstructive and painful chronic pancreatitis

Study No. of patients Follow-up period 
Primary 
outcome Degree of pain during follow-up Pain relief 

No. of 
procedures 

Díte et al 2003[82] 72 (endoscopy, N = 36; 
surgery, N = 36)

5 y Pain relief NA 15% vs 34% 
(P = .002)

NA

Cahen et al 
2007[83]

39 (endoscopy, N = 19; 
surgery, N = 20)

2 y Degree of pain 51 ± 23 vs 25 ± 15 for the mean Izbicki pain 
score (P < .001)

32% vs 75% 
(P = .007)

8 vs 3 (P < .001)

Cahen et al 
2011[84]

31 (endoscopy, N = 16; 
surgery, N = 15)

79 mo Degree of pain 39 ± 28 vs 22 ± 31 for the mean Izbicki pain 
score (P = .12)

38% vs 80% 
(P = .042)

12 vs 4 (P = .001)

Issa et al 2020[85] 88 (endoscopy, N = 44; 
surgery, N = 44)

18 mo Degree of pain 49 vs 37 for the mean AUC of the Izbicki pain 
score during follow-up (P = .02)

39% vs 58% 
(P = .10)

3 vs 1 (P < .001)

AUC = area under the curve.
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therefore did not involve the approval of the Institutional Review 
Board.
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