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Abstract

Pancreatic neuroendocrine tumors (pNETSs) are rare, presenting significant cha-
llenges in timely diagnosis and subsequent treatment. The clinical and pathobio-
logical behavior of these tumors varies significantly, making follow-up and the-
rapeutic approaches challenging for clinicians. Although the majority of these
neoplasms are hormonally inactive, some can be associated with endocrine dys-
function. Very rarely, a nonfunctional tumor can later become hormonally active,
further complicating prognostication and management. Depending on the cha-
racter of the disease, clinical picture and prognosis, different treatment modalities
are instituted with varying effectivities. We recently came across a unique case of
nonfunctioning malignant pNET at an advanced stage, metastatic disease upon
diagnosis, managed medically with somatostatin analog therapy (Octreotide) and
targeted therapy (Everolimus) with stable disease for 40 months that subsequently
turned out to become functional (insulinoma). With the aid of this unique case, we
update the current clinical, diagnostic and therapeutic approach to pNETs in this
evidence-based review.

Key Words: Pancreatic neuroendocrine tumour; Somatostatin analog therapy; Insulinoma;
Nonfunctional pNET; Metastatic disease; Somatostatin receptor imaging
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Core Tip: Pancreatic neuroendocrine tumors (pNETSs) are rare neoplasms with variable clinical and pathobiological characte-
ristics posing diagnostic and therapeutic challenges. Mostly nonfunctional with low growth rates, some cases can be func-
tional while others can run an aggressive clinical course. Hormonal, imaging and histological assessments are essential for
planning appropriate diagnosis, prognosis and management. Therapeutic strategies depend on the tumor grade, functionality
and presence of metastatic disease. Nonfunctioning pNETSs very rarely turn functional during the advanced disease course.
Presenting a unique nonfunctioning metastatic pNET case, later evolving to an insulinoma, we update the diagnostic,
prognostic and management strategies for pNETs in the evidence-based review.

Citation: Rikhraj N, Fernandez CJ, Ganakumar V, Pappachan JM. Pancreatic neuroendocrine tumors: A case-based evidence review.
World J Gastrointest Pathophysiol 2025; 16(2): 107265

URL: https://www.wjgnet.com/2150-5330/full/v16/i2/107265.htm

DOI: https://dx.doi.org/10.4291/wjgp.v16.i2.107265

INTRODUCTION

Epidemiology of pancreatic neuroendocrine tumors

Neuroendocrine neoplasms (NENSs) refer to neoplasms originating from the enterochromaffin cells of the embryonic gut
exhibiting both neural and endocrine differentiation. While the majority of NENs are well-differentiated, less aggressive,
but potentially malignant NETs (neuroendocrine tumors), the remaining are poorly differentiated and aggressive NECs
(neuroendocrine carcinomas). As per the latest classification, NENs can be divided into gastroenteropancreatic NENs
(GEP-NENSs) and lung NENSs[1]. GEP-NENSs constitute 55%-70% of all NENs, 12%-20% of which are formed by pancreatic
NENSs (pNENSs)[2].

The pNENSs account for only 1%-2% of all pancreatic neoplasms, and pancreatic NETs (pNETs) account for nearly 90%
of all pNENSs[3]. The pNENs are mostly diagnosed in the sixth decade of life, and they exhibit a minimal male prepon-
derance. Nearly 70% of the pNENs are non-functioning, whereas 30% are functioning, secreting hormones or peptides
associated with the clinical syndrome[4]. Those tumors with detectable peptides on biopsy specimens but that do not
exhibit features of hormone hypersecretion syndrome are still considered non-functioning. While most pNENs are
sporadic, nearly 10% are associated with hereditary syndromes, including Multiple Endocrine Neoplasia type 1 or type 4
(MEN1 or MEN4), von Hippel-Lindau syndrome, neurofibromatosis type 1 and tuberous sclerosis. The hereditary
PNENSs are often multifocal, well-differentiated, functioning, possibly secreting multiple peptide hormones simultan-
eously, with a young age of onset, and are associated with ectopic production of hormones and accompanied by other
endocrine disorders or malignancies. Though pNENSs are less aggressive with better 5-year survival rates compared to
pancreatic adenocarcinomas, they are associated with nearly 23.1% recurrence rates within 8.1 years, even after curative
resection[5].

A population-based study using surveillance epidemiology and end results (SEER) 18 registry data showed that in
comparison to 2000-2008, the annual incidence of pNETs has increased from 0.27 per 100000 to 1.00 per 100000 in the
study period 2009-2016[6]. This increase in annual incidence is accompanied by the early detection of particularly the
asymptomatic non-functioning NETs in their early stages, thereby resulting in an improvement in median overall
survival from 46 months to 85 months. Moreover, the improved median overall survival was consistent over different
stages of the disease - localized disease at 83%, regional disease at 67%, and metastatic disease at 28%][6].

The overall incidence of GEP-NECs is rare, but several studies report increasing incidence particularly across North
America, Asia and Europe[7,8]. The SEER 18 registry reported an incidence rate of 9.36 per 100000, nearly 90% of which
are lung NECs (8.36 per 100000, 95% small cell NECs and 5% non-small cell NECs), whereas pNECs constitute only 0.07
per 100000 (small cell NECs nearly 50%)[9]. The pNECs have one of the shortest median survivals at 5.7 months
[multivariate hazard ratio (HR): 1.10; 95% confidence interval (CI): 1.03-1.18, P < 0.001]. This could be attributed to the
advanced stage at diagnosis (75.6% of the pNEC patients presenting with distant metastasis) in comparison to other GEP-
NEC subtypes[9].

Due to this cumulative disease burden, studying the pathophysiology, clinical presentation, and response to treatment
of pNETs and pNECs make it interesting and relevant.

Etiopathogenesis of pNETs
The pNETs are derived from primitive endoderm, which differentiate into several gastrointestinal (GI) epithelial lineages,
inclusive of enterochromaffin cells. These enterochromaffin cells are categorised based on morphology, location and
expression of peptide hormones. The proliferation of these cells is dependent on various transcription factors, for
example, Neurogenin 3 in the pancreas, which delineates the Notch signalling pathway responsible for secretory and
absorptive cell lineages[10].

Germline mutations in tumour suppressor genes MEN1, VHL, NF1, and TSC1/2 account for 10% of familial syndrome-
derived pNETs. The majority of pNETs are sporadic, resulting from somatic cell mutations for proteins involved in
chromatin modelling, for example, MEN1, DAXX and ATRX. Encoding protein mutations in the mTOR pathway have
shown a correlation to the formation of pNETs[11]. Alongside the presence of serum biomarkers, these have vital implic-
ations for targeted therapy. NECs can present with specific genetic alterations, for example, TP53 and RB1 in small cell
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NECs and a variable genetic profile in large cell NECs[12].

Dependent on secretory products and hypersecretion of specified hormones, the pNET are called by different names.
Insulinoma is the most common functional pNET (30%-40%), with an annual incidence of 1-32 cases per million
population[13-17]. Functional expression means symptomatic management can be achieved effectively with surgical
excision. In the case of insulinoma, tumor origin within B-cells of Islets of Langerhans means parenchymal sparing
pancreatectomy can relieve symptoms of the classical Whipple’s triad of hypoglycaemia (plasma glucose < 4 mmol/L),
neuroglycopenic clinical signs and resolution after administration of glucose[18].

Classification of pNETs

Functionality is an important predictive factor in the presentation of pNENs[19]. Patients with nonfunctioning pNENs
have larger, poorly differentiated tumors with hepatic and lymph node involvement associated with reduced survival
outcomes compared to those with functioning pNENs[20]. Tumor grade is another important prognostic factor that can
indicate cellular morphology according to classes of differentiation[21]. According to the World Health Organization, the
PNENSs are broadly classified into well-differentiated pNETs (three subtypes: G1 pNETs, G2 pNETs and G3 pNETs) and
poorly differentiated pNECs (two subtypes: Small cell and large cell types and are high-grade by definition)[22]. These
classifications are summarized in Table 1.

DIAGNOSTIC APPROACH

Role of serum biomarkers

Generally, serum biomarkers can be used to identify the presence of NENs with the presentation of proteins in the
secretory granules, synaptic-like vesicles, or cytoplasm of neuroendocrine cells. These have low specificity as these
biomarkers can also be elevated in inflammatory conditions like inflammatory bowel disease, pancreatitis, gastritis,
proton pump inhibitor and steroid treatment, liver failure, and other neoplasms[12]. Specific pancreatic neuroendocrine
markers[23] can be used to distinguish functional vs non-functional pNETSs, as summarised in Table 2.

The diagnosis of NEN is established by immunohistochemical staining showing positivity for markers of neuroen-
docrine differentiation, including INSM1 (highly sensitive and specific), synaptophysin (highly sensitive but not specific),
and chromogranin A (less sensitive than synaptophysin but highly specific)[21]. This should be followed by a stain for
transcription factors to know the site of origin: For example, pPNENs may express PDX1 (a transcription factor typically
expressed by the P cells), ARX (transcription factor typically expressed by the a cells), and ISL1 and stain for the peptide
hormones[24].

The typical (indolent) insulinomas are epigenetically similar to B cells: PDX1 positive and ARX negative[25]. They are
small (below 2 cm), have a favourable prognosis after resection, and are characterized by YY1 mutations in nearly 30% of
cases. On the other hand, the rare aggressive insulinomas are ARX positive, larger (3.5-9.0 cm), have higher metastatic
rates, and are characterized by genetic alternations seen characteristically in non-functioning pNENSs, including ATRX/
DAXX mutations, alternative lengthening of telomeres or CDKN2A deletions[25]. Hence, assessment of ATRX/DAXX
mutations and alternative lengthening of telomeres are recommended in pNENs.

The origin, differentiation and tumorigenic mechanisms of the aggressive insulinomas are more closely related to non-
functioning pNENSs[25]. It is possible that they existed as non-functioning pNENs for a while before exhibiting the
functional behaviour (recurrent hypoglycaemia). These tumours might have been producing insulin, though at an
asymptomatic level. It is hypothesized that the tumorigenesis of aggressive AXR-positive insulinomas might have
happened from a non-functioning B-cell tumor acquiring a-cell characteristics after ATRX/DAXX mutations and the
presence of alternative lengthening of telomeres, or from a non-functioning a cell/intermediate tumor acquiring p cell
characteristic of insulin secretion[25].

Role of imaging
Imaging plays an important role in the diagnosis, follow-up and assessment of response to treatment of pNETs. High-
resolution computed tomography (CT) of the thorax, abdomen, and pelvis is the first line in providing radiological
imaging of the location and size of the primary tumor, nodal disease, and sites of metastasis. Intravenous contrast, partic-
ularly in the late arterial phase, can prove useful for detecting NENs in the pancreas and liver[26]. Magnetic resonance
imaging (MRI) has increased specificity and sensitivity compared to CT (100% specificity for pancreas and 98% for liver),
and diffusion-weighted (T1/T2) imaging can aid in small hepatic metastasis identification, along with greater detail into
tumor margins[19]. Positron emission tomography (PET) with F-fluorodeoxyglucose can show uptake in combination
with CT/MRL

Due to the expression of biomarkers, nuclear imaging is useful in providing functional response information of pNETs.
Somatostatin Receptor (SSR) imaging is most commonly used in combination with single-photon emission computed
tomography (SPECT)/CT or PET/CT and includes the use of octreotide, " In-pentereotide or Gallium-DOTA tracer[13].
Receptor positivity has important applications for the use of somatostatin analogues or targeted therapy and can measure
treatment response/remission.

Staging
Following physical examination, biopsy and imaging for diagnosis, pNETs are staged, as per TNM and AJCC classific-
ations[27], as recorded in Table 3.
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Table 1 Classification of pancreatic neuroendocrine tumors, modified from World Health Organisation Classification of Neuroendocrine

Neoplasms[20]
Terminology WHO grade Differentiation Mitotic rate Ki-67 index
NET G1 Well-differentiated NET <2/2 mm? <3%

G2 2-20/2 mm? 3%-20%

G3 >20%/2 mm? >20%
Small cell NEC High grade Poorly differentiated NEC >20/2 mm? >70%
Large cell NEC High grade

NET: Neuroendocrine tumors; NEC: Neuroendocrine carcinoma.

Table 2 Biomarkers for the diagnosis of pNEN[23]

Circulating biomarkers
Non-specific biomarkers
Chromogranin A
Pancreastatin
Chromogranin B
Neuron-specific enolase

Alpha fetoprotein

Immunohistochemical biomarkers
Differentiation markers
Chromogranin A

Synaptophysin

INSM1

Molecular biomarkers
Circulating tumor cells (CTCs)
Circulating cell-free DNA (cfDNA)

Circulating microRNAs (miRNAs)

Circulating transcripts (NETest score)

Specific to functional pNEN
Insulin

Glucagon

Gastrin

Somatostatin

Vasoactive intestinal peptide
Growth hormone or GHRH

Adrenocorticotropic hormone

Site of origin markers
NESP55

PGR

PDX1

ARX

ISL1

G protein-coupled receptor-associated sorting protein 1 (GPRASP1)

Delta-like protein 3 (DLL3)

Tumor-associated macrophages (TAMs)

Glucose transporter 1 (GLUT1)

Specific to nonfunctional pNEN
Pancreatic polypeptide

Human chorionic gonadotropin
Neurotensin

Ghrelin

Calcitonin

Prognostic markers
ATRX/DAXX
SSTR2a

PD-L1

INSM1: Insulinoma-associated protein 1; NESP55: Neuroendocrine secretory protein 55; PGR: Progesterone receptor; PDX1: Pancreatic and duodenal
homeobox 1; ISL-2: Insulin gene enhancer binding protein 2; ATRX/DAXX: Alpha-thalassemia/mental retardation X-linked and death domain-associated
protein; SSTR2a: Somatostatin receptors 2a; PD-L1: Programmed cell death ligand 1.
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Table 3 Tumor, node, metastasis and American Joint Committee on Cancer classifications for staging of pancreatic neuroendocrine

tumors[27]

AJCC TNM Description
I TINOMO  Tumor <2 cm, local to pancreas. No nodal disease/metastasis
1I T2NOMO 2 cm < Tumor < 4 cm, local to pancreas. No nodal disease/metastasis

T3NOMO  Tumor >4 cm, extended to duodenum/common bile duct. No nodal disease or metastasis

III T1-3/4N1 Tumor extended to adjacent organs (stomach, spleen, colon/adrenals) or spread haematogenously (T4). It may present with lymph
MO node spread (N1) but no distant metastasis

v TxNxM1  Any size (Tx), any nodal spread (Nx), but distant metastasis (M1)

Prognostic factors

SEER stages of localized, regional and distant disease can be used to categorize pNETs based on 5-year relative survival
rates. Localized tumors to the pancreas report the best prognoses of up to 95%, followed by regional (adjacent organ/
Lymph nodal spread; 72%) and distant metastasis to lungs, liver and bone at 23%. Overall, a 53% 5-year survival rate is
reported across all stages, meaning that effective diagnosis and treatment can achieve stable disease[28].

Therapeutic approach

Treatment of pNETs falls under two main aims: Curative intent and reduced disease burden with symptomatic manage-
ment. Underpinning all treatment modalities is multidisciplinary care, involving surgeons, radiologists, endocrinologists
and clinical oncologists[16]. As patients with pNETs, including insulinoma, may present with varied symptoms, this is
crucial to developing a personalized management plan for the patient in follow-up, maintenance and evaluating disease
stability/remission status.

Surgery remains the only treatment modality with curative intent. Indications include small pNETs (< 2 cm), sympto-
matic non-functioning pNETs, and all functional pNETs, excluding those with positive MEN1 genes. Techniques include
parenchymal-sparing pancreatic resection, either enucleation if the tumor is superficial to the main pancreatic duct or
central pancreatectomy with lymph node plucking. Larger tumors with extensive margins can be excised via pancrea-
ticoduodenectomy or distal/total pancreatectomy with regional lymphadenectomy[18].

Where surgery (open/Laparoscopic/robotic) is not indicated as in poor general health, high American Society of
Anesthesiologists/Eastern Cooperative Oncology Group performance score, extrahepatic metastases or pNEC, local
measures can be trialled such as ablation using radiofrequency, microwave, laser or percutaneous or endoscopic
cryotherapy[19]. Indications include hepatic metastases < 5 cm and ablation margins > 1 cm. Transarterial embolization
can afford debulking via chemo/selective internal radiotherapy with Yttrium-90 isotope. Pancreatitis is the most common
reported risk post-local measures. The consensus is that surgery is performed with curative intent for G1/2 tumors even
with nodal/hepatic metastasis, coupled with hepatectomy or staged liver resection, followed by liver transplantation if
necessary[19]. The role of whether curative intent can be achieved via surgery for G3 tumors over debulking is still
debated in the literature.

Medical measures are indicated for symptomatic, functional pNETs or unresectable or incompletely resected tumors to
suppress post-operative functionality. Recurrence can be managed symptomatically. In the case of hypoglycaemia
secondary to insulinoma, this includes dietary adjustments of frequent small meals, followed by diazoxide (sulphony-
lurea receptor 1 blocker), which raises glucose secretion by hyperpolarising K*-ATP (potassium-adenosine triphosphate)
channels on pancreatic islet p-cells. For tumours that express somatostatin receptors, somatostatin analogs (SSAs) such as
octreotide, lanreotide, or pasireotide have anti-proliferative effects. Long-acting SSA is used as standard therapy, and
short-acting can be used as rescue drugs; the frequency of both can be increased if the biochemical/clinical picture does
not show improvement. Pasireotide has activity against all somatostatin receptors, except SSTR4, and octreotide/
Lanreotide has selective action towards SSTR2, 3 and 5, with maximal selectivity towards SSTR2[29]. According to the
CLARINET study, greater progression-free survival of 32.1% is achieved by lanreotide Autogel compared to octreotide
long-acting[30].

For locally advanced, unresectable or metastatic tumors that do not respond to SSA, molecular-targeted therapies can
be trialled. Particularly for insulinomas, everolimus acts as an mTOR (mammalian target of rapamycin) pathway
inhibitor, and sunitinib as a VEGF/PDGF (vascular endothelium growth factor/platelet-derived growth factor) inhibitor
under the broader category of tyrosine kinase pathway inhibitors[13,19]. These can be used individually or in combina-
tion. Before these molecular-targeted therapies are established, neoadjuvant or adjuvant chemotherapy with alkylating
agents (streptozotocin), in combination with 5-fluorouracil or doxorubicin (e.g., FOLFOX/FOLFIRI) showed up to 69%
response rate in tumors with high disease burden, warranting systemic mechanism of action[13,19].

Recent research is showing the promise of peptide receptor radionuclide therapy (PRRT) for the management of
functioning metastatic insulinomas with refractory hypoglycaemia. This treatment modality couples the use of SSA
therapy, labelled with a radioactive isotope (Luteium-177-DOTA-Tyr3-octreotate) or Indium-111 octreotide, to act as
targeted systemic radiation. The choice of this 177 Lu-DOTATE isotope is preferred due to the emission of concomitant
beta and gamma-rays, reduced renal and haematological toxicity and modification of C-terminal threoninol on octreotide
to threonine to increase affinity to SSRT2[31]. Positive results include improved quality of life secondary to better
glycaemic control (70.6%) and stable disease (23.5%)[32]. This is further supported by the fact that 81% of patients having
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Figure 1 Management of pancreatic neuroendocrine tumors, according to functional status, adapted from European neuroendocrine
tumor society 2023[33,34]. SSR: Somatostatin receptor; SSA: Somatostatin analog; PRRT: Peptide receptor radionuclide therapy.

a reduced hypoglycaemic score, 58% requiring reduced antihypoglycaemic medication and median overall survival and
progression-free survival of 19.7 months (95%CI: 6.5-32.9 months) and 11.7 months (95%CI: 4.9-18.5 months),
respectively, post-PRRT[29].

As per current accepted European neuroendocrine tumor society (ENETS) guidelines[33], an algorithm for the
management of pNETs is summarized in Figure 1, according to functional status.

Treatment strategy

Based on the latest available guidance, the treatment strategy for non-functioning pNETs can be summarized for ease of
understanding[34]. Patients with locally advanced NF-Pan-NET (stage T3 and T4) can be resected safely with low
mortality and acceptable morbidity risk in expert centres. Radical local resection (R0) including portal-venous resection
could be considered in selected cases. To help estimate risk of recurrence post-local measures, and guide follow-up
schedules, nomograms after resection are recommended. In locally advanced or oligometastatic cases, preoperative
treatment with PRRT can be beneficial in reducing tumor bulk.

For slow-growing, advanced G1-G2 non-functioning pNETSs that are SSR positive, SSA is the recommended upfront
treatment. In progressive G1-G2 non-functioning pNETs with SSR positivity, targeted therapy with everolimus and
sunitinib are recommended. These agents should be considered in G3 progressive disease as well. PRRT may be
considered second-line in non-functioning pNETs that are SSR positive. Finally, for metastatic disease, systemic
chemotherapy (temozolomide in combination with capecitabine or streptozotocin + 5-FU) may be considered for patients
with progressive/metastatic or symptomatic non-functioning G1-G2. For G3 metastatic non-functioning pNETSs, temozo-
lomide in combination with capecitabine can also be considered for upfront treatment[34].

CASE SUMMARY AND MANAGEMENT

A 52-year-old male presented with new recurrent, severe hypoglycaemic episodes, including nocturnal symptoms and
loss of consciousness. Relevant background is a 5-year history of weight gain (body mass index 33 kg/m?), fatigue,
general malaise, loss of appetite and intermittent undiagnosed abdominal pain. Investigations revealed new-onset
diabetes and a suspicious lesion on the liver and pancreas on ultrasound. The patient was prescribed insulin (Abasaglar
and Humalog Kwikpen) and referred for a CT scan of the thorax, abdomen, and pelvis (TAP), which identified a large (10
cm x 9.5 cm) primary mass replacing the pancreatic tail (Figure 2A), extending diffusely into the pancreatic body. A
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Figure 2 Initial CT-TAP confirmed 10 cm x 9.5 cm 1° mass in the pancreatic tail, extending diffusely into the pancreatic body. A and B:
Evidence of metastasis — 15 cm necrotic mass in segment 8 of the liver (B); C: Increased Octreotide uptake is shown on the OctreoScan, confirming the presence of
somatostatin receptor positivity.

fasting gut hormone profile suggested that the tumor was nonfunctional at the initial diagnosis. Bulky pathological
lymph nodal disease was noted in the periportal territory (4.8 cm max diameter) around the superior mesenteric artery
and coeliac axis. A large central necrotic mass was noted in segment 8 of the liver, measuring 15 cm (Figure 2B), with
small benign cysts seen in the left hepatic lobe.

An ultrasound-guided liver biopsy of the right lobe of the liver, with histological analysis, confirmed Grade 2 NET,
Ki67, 5%-10%. Planar imaging at 0004h, 0024h, and 0040h with SPECT CT Abdomen and Pelvis at 24 hours confirmed the
pancreatic tail mass, periphery of large hepatic metastasis in segment 8, large portocaval node and additional 2 areas of
nodal disease in the upper abdominal mesentery, with increased Octreotide uptake confirming SSTR positivity
(Figure 2C). As per the guidelines, no detectable peptides on biopsy specimens and clinical picture at the time of
diagnosis did not exhibit features of hormone hypersecretion syndrome, the diagnosis was non-functioning NET with
metastasis[20].

In line with literature, surgical resection was not performed due to widespread liver metastasis and the advanced
disease stage[35,36]. Systemic therapy was initiated to prolong the survival and for symptomatic control. As per
RADIANT-2 trial[37], SSA therapy (Octreotide LAR 30 mg, subcutaneously monthly) and targeted therapy (Everolimus
10 mg, oral, for 28-day cycles). The patient developed thrombocytopenia and a generalized itchy rash with maculo-
papular lesions, so Everolimus was subsequently changed to Sunitinib. 47 cycles of SSA and Everolimus were completed,
and he was monitored bimonthly via CT-TAP (Figure 3, showing the smallest size of the primary tumor at 20 months
post-treatment).

Disease progression was observed at 48 and 49 months (Figure 4), in line with a worsening clinical picture of new
hypoglycaemic episodes (> 4 times weekly) and the development of biliary sepsis requiring hospitalization. Insulin was
stopped due to frequent hypoglycaemic attacks during the most recent admission, but the hypoglycaemic episodes
continued. He was treated with diazoxide up to 200 mg daily. Even with this and continuous intravenous glucose
infusions, he developed recurrent hypoglycaemic episodes while in the hospital.

Further investigations were performed due to the evolving clinical picture from the initial presentation. A plasma C-
peptide level of 6975 pmol/L with an insulin level 147 mU/L when plasma glucose was 2.4 mmol/L with a negative
urine sulphonylurea screening test confirmed endogenous hyperinsulinism from a functional insulinoma. The patient
was referred for peptide receptor radionuclide therapy (PRRT), in conjunction with SSA, due to disease progression
despite systemic therapy, and died due to intractable hypoglycaemia and cardiac arrest.
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Figure 4 48 months post-treatment showing disease progression (increase in 1° tumor size and secondary hepatic metastasis and nodal
disease). A and B: Increased size in secondary hepatic mass (12.3 cm x 9.2 cm) at 49 months.

DISCUSSION

The reported case highlights the initial presentation of non-functioning pNET subsequently turning out to become an
insulinoma. The rate of transformation in case series is reported between 3.34% to 6.8%[38-40]. A review of the literature
only highlights recent case reports with similar clinical pictures for comparison, highlighting the rarity and dilemma in
clear management.

This case can be compared to that of a G3 Ki-67 index of 40% pNET with liver, lung and spinal metastasis, which was
seen to turn into functional insulinoma 3 months post-diagnosis, post ineffective treatment with SSA (octreotide) to
manage recurrent hypoglycaemia[40]. Glycaemic control was achieved to somewhat stable limits by Day 10 on diazoxide,
octreotide and prednisolone. The case reflected reluctance from patients to try molecular-targeted therapies (everolimus/
sunitinib) as a second line but also highlighted aggressive disease course in comparison to a median of 15 months in other
reports[38]. The patient was given a one-off course of FOLFOX chemotherapy to manage the systemic oncological burden
but had denied palliative chemotherapy and progressively declined.

A more recent case report documents a patient diagnosed with well-differentiated non-functional NET who underwent
total pancreatectomy and started on an insulin regimen following surgery[41]. Two years post-surgery, the patient was
identified to have recurrent disease in the mesentery and liver and received sunitinib along with PRRT. Symptoms of
intermittent hypoglycaemia began a year post-treatment from recurrent disease, resulting in stopping the insulin
regimen. Severe neuroglycopenic episodes and acute refractory hypoglycaemia in months following confirmed an
insulinoma. Octreotide was trialled but not tolerated due to GI upset, thus, the patient’s hypoglycaemia was managed
with diazoxide, dexamethasone and capecitabine (for palliation). No further chemotherapy, hormonal or immunologic
therapy, was suitable and refractory hypoglycaemia was managed symptomatically as and when.

Overall, these cases, including our own, report the importance of recognizing new hypoglycaemia as a red-flag
symptom for an investigation into malignant insulinoma developing from a previous nonfunctional pNET. Biochemical
analysis is necessary and prompts a multidisciplinary care approach to tailor individualized treatment plans as the
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transformation from non-functioning to functioning pNET confers a poor prognosis and high symptomatic burden for
patients. Ultimately, the prognosis is multifactorial and dependent on grade, stage and prognostic factors, but a coherent
investigation can afford the most targeted treatment for tumor characteristics.

CONCLUSION

In conclusion, functioning neuroendocrine tumors are rare, and prompt management is difficult due to presenting signs
and symptoms. Although extremely rare, a transformation of a nonfunctioning pNET to a functioning pNET (insulinoma)
should be considered when unexplainable hypoglycaemia ensues in such a patient. Thus, this review and novel case
highlight that further studies are warranted to understand the frequency of functional transformation of non-functioning
pNETs. Moreover, managing refractory hypoglycaemia from malignant insulinomas is challenging, and there is an
avenue for constant evidence-based recommendations of therapeutic efficacy.
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Abstract

Helicobacter pylori (H. pylori) infection is one of the most prevalent bacterial infec-
tions affecting mankind. About half of the world’s population is infected with it. It
causes several upper gastrointestinal diseases, including gastric cancer (GC). It
has been identified as a major risk factor for GC. GC is one of the most common
cancers affecting humans and the third leading cause of cancer-related deaths
worldwide. H. pylori infection causes an inflammatory response that progresses
through a series of intermediary stages of precancerous lesions (gastritis, atrophy,
intestinal metaplasia, and dysplasia) to the final development of GC. Among
infected individuals, approximately 10% develop severe gastric lesions such as
peptic ulcer disease, 1%-3% progress to GC, and 0.1% develop mucosa-associated
lymphoid tissue followed by the development of lymphoma. The bacterium has
many virulence factors, including cytotoxin-associated gene A, vacuolating cyto-
toxin A, and the different outer membrane proteins that cause cancer by different
mechanisms. These virulence factors activate cell signaling pathways such as PI3-
kinase/Akt, JAK/STAT, Ras, Raf, and ERK signaling that control cell prolife-
ration. Uncontrolled proliferation can lead to cancer. In addition, the repair of
DNA damage may also be impaired by H. pylori infection. Reduced DNA repair in
combination with increased DNA damage can result in carcinogenic mutations.
The accurate identification of pathogenetic pathways is imperative for the deve-
lopment of targeted diagnostic markers and personalized treatments. This scoping
review aims to update the readers on the role of H. pylori in the development of
GC. It will focus on the molecular mechanisms underpinning gastric carcino-
genesis in H. pylori infection. It will highlight the interaction between bacterial
virulence factors and host cellular pathways, providing insights into potential
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therapeutic targets and preventive strategies.
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Core Tip: Helicobacter pylori (H. pylori) is a major risk factor for gastric cancer (GC), the third leading cause of cancer-
related deaths. H. pylori triggers chronic inflammation, progressing through precancerous stages (gastritis, atrophy, intestinal
metaplasia, dysplasia) to GC. Virulence factors like cytotoxin-associated gene A and vacuolating cytotoxin A activate
oncogenic signaling pathways (PI3K/Akt, JAK/STAT, Ras/Raf/ERK), promoting uncontrolled cell proliferation and
impairing DNA repair, leading to carcinogenic mutations. While 1%-3% of infected individuals develop GC, understanding
these molecular mechanisms is crucial for identifying diagnostic markers and developing targeted therapies. This review
explores H. pylori's role in gastric carcinogenesis, emphasizing bacterial-host interactions and potential preventive strategies.
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INTRODUCTION

Gastric cancer (GC) is a major global public health challenge, and Helicobacter pylori (H. Pylori) is identified as a key
etiological factor in about 89% of non-cardia GCs. H. pylori infection is one of the most widespread bacterial infections
globally, affecting approximately half of the world’s population[1-3]. This Gram-negative bacterium colonizes the gastric
mucosa and is a leading cause of various upper gastrointestinal (GI) diseases, including chronic gastritis, peptic ulcers
(PU), and GC[4-6]. Among these, GC remains a significant global health burden, ranking as the third leading cause of
cancer-related deaths worldwide. H. pylori has been classified as a Group I carcinogen by the World Health Organization,
underscoring its critical role in the development of GC[7]. Despite its high prevalence, only a subset of infected
individuals progress to severe outcomes, such as GC or mucosa-associated lymphoid tissue lymphoma, highlighting the
complex interplay between bacterial virulence factors, host immune responses, and environmental influences[4-6].

The pathogenesis of H. pylori-induced GC involves a multistep process characterized by chronic inflammation and
progressive mucosal injury. The infection initiates a series of precancerous lesions, including gastritis, atrophy, intestinal
metaplasia, and dysplasia, which can eventually lead to malignant transformation[8-10]. The principal virulence factors of
H. pylori, such as vacuolating cytotoxin A (VacA) and cytotoxin-associated gene A (CagA), play pivotal roles in disrupting
host cellular signaling pathways, including PI3K/ Akt, JAK/STAT, and Ras/Raf/ERK, which regulate cell proliferation
and survival[11]. Additionally, H. pylori infection impairs DNA repair mechanisms and increases DNA damage, creating
a mutagenic environment that drives carcinogenesis[12-14]. These molecular insights have opened new avenues for
understanding the mechanisms underlying gastric carcinogenesis and identifying potential therapeutic targets[15-17].

This review aims to provide an updated overview of the molecular mechanisms by which H. pylori contributes to the
development of GC. It will explore the intricate interactions between bacterial virulence factors and host cellular
pathways, shedding light on the processes that drive malignant transformation. By elucidating these pathogenetic
pathways, this review seeks to highlight potential diagnostic markers and personalized treatment strategies, offering
hope for improved prevention and management of H. pylori-associated gastric diseases, in particular, GC.

METHODOLOGY

This scoping review was conducted following the structured framework developed by Arksey and O'Malley[18], which
provides a systematic and transparent approach to mapping key concepts, evidence, and gaps in a broad research area.
The framework consists of five key stages: (1) Identifying the research question; (2) Identifying relevant studies; (3)
Selecting studies; (4) Charting the data; and (5) Collating, summarizing, and reporting the results. Each stage was care-
fully executed to ensure a comprehensive and rigorous review of the literature on the role of H. pylori in GC development,
with a particular focus on molecular pathogenesis.

The research question guiding this review was: What are the molecular mechanisms by which H. pylori infection
contributes to the development of GC, and how can these mechanisms inform diagnostic and therapeutic strategies? To
address this question, a systematic search was conducted across three major electronic databases-PubMed, Scopus, and
Web of Science-to identify relevant studies published within the last decade. The search strategy employed a combination
of Medical Subject Headings (MeSH) terms and keywords, including "H. pylori", "Helicobacter pylori", "gastric cancer",
"molecular pathogenesis", "CagA", "VacA", "signaling pathways", and "DNA damage". Boolean operators (AND, OR)
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were used to refine the search and ensure the inclusion of studies addressing both bacterial virulence factors and host
cellular responses.

Following the database search, studies were screened based on predefined inclusion and exclusion criteria. Inclusion
criteria encompassed peer-reviewed articles published in English, focusing on the molecular mechanisms of H. pylori-
induced gastric carcinogenesis and providing insights into bacterial virulence factors, host signaling pathways, or
therapeutic targets. Exclusion criteria included studies unrelated to H. pylori or GC, reviews without original data, and
studies published before the 10-year period. The selected studies were then carefully scrutinized to extract key infor-
mation, such as study design, molecular pathways, virulence factors, and therapeutic implications. Data were collated
and synthesized to identify common themes, emerging trends, and gaps in the current understanding of H. pylori-
associated GC. Finally, the findings were summarized and reported, providing a comprehensive overview of the
molecular mechanisms underlying H. pylori-induced gastric carcinogenesis and their potential clinical applications.

BRIEF EPIDEMIOLOGY OF H. PYLORIIN ASIA

In Asia, the prevalence of H. pylori infection varies significantly across countries and even within regions of the same
country[1-3]. For instance, Pacific Asian populations such as Chinese, Korean, and Japanese have notably high rates of
both H. pylori infection and GC compared to other parts of the world. Conversely, countries like Singapore, Malaysia,
Taiwan, and Vietnam demonstrate an intermediate risk due to a lower prevalence of both H. pylori and GC[19].

In South Asia and Middle East, the epidemiology of H. pylori infection presents a distinct scenario, characterized by a
high prevalence of H. pylori infection but a relatively low number of GC cases. This contrast might be explained by the
genetic diversity of the pathogen and variances in susceptibility among different ethnic groups[20].

H. PYLORIVIRULENCE FACTORS AND THEIR MECHANISMS

H. pylori infection is strongly associated with GI conditions like gastritis, gastric ulcer (GU), duodenal ulcer, and GC, and
is classified as a class I carcinogen by the WHO. Numerous virulence factors of H. pylori have been identified, with CagA
and the cag PAI playing pivotal roles in the pathogenesis of H. pylori-related diseases, including acute gastritis, GU, and
GC. The key virulence factors of H. pylori that contribute to the pathogenicity and GC development, and their mecha-
nisms are listed in Table 1. Other virulence factors, such as VacA and SabA, also mediate H. pylori's pathogenicity. CagA,
encoded by the cagA gene, is prevalent in East Asian strains, contributing to epithelial and severe histological damage
compared to Western strains. VacA, encoded by the vacA gene, induces cytoplasmic vacuolation in gastric epithelial cells,
with toxin activity levels affected by different genotypic combinations. Some other virulence factors involved in the
pathogenicity of H. pylori infection and their mechanisms are shown in Table 2. The slam1 and s1bm1 genotypes are
highly virulent and associated with acute gastritis, PU, and GC. Upon entering the gastric lumen, H. pylori undertakes
four essential activities for effective colonization and prolonged infection: (1) Surviving in gastric acidic milieu; (2) App-
roaching epithelial cells by flagella-mediated motility; (3) Attachment to host epithelial cells via bacterial adhesins inte-
racting with epithelial cell surface receptors; and (4) Induction of cellular injury by the toxins” secretion[21-23] (Figure 1).

H. pylori subsists within the acidic gastric environment by employing a method which regulates periplasmic pH
through the activity of urease. The urease gene cluster comprises seven genes, which encode the catalytic components
(ureA/B), an acid-sensitive urea transporter (urel), and helper proteins for enzyme assembly (ureE-H). In H. pylori,
intracellular urease function is vital for surviving acidic conditions. The urel channel controls this by allowing urea influx
solely in low-pH environments, avoiding harmful pH increases when conditions are less acidic. Outside the cell, urease
converts urea into carbon dioxide and ammonia, generating ammonium hydroxide. This reaction buffers the surrounding
acidic environment, protecting the bacteria as they traverse the harsh gastric fluid. H. pylori migrates toward the basal
aspect of the stomach epithelium, where the pH is near 7.0, aided by the action of 4-7 polar flagella. Increased motility, as
observed in certain H. pylori strains, leads to increased bacterial density and a florid inflammatory response in the mucosa
of the gastric wall, indicating the flagellum's role as a colonization and virulence factor in the initial phase[24-27].

Bacterial adhesins interact with host cell receptors, facilitating attachment and protecting against displacement by
forces like peristalsis and gastric emptying. Notably, BabA and SabA are well-studied adhesins. Many other virulence
factors, including neutrophil-activating protein (NAP) and heat shock protein 60 (Hsp60), also play important roles in
mediating tissue injury. NAP stimulates the production of oxygen radicals by neutrophils, leading to tissue damage and
the release of inflammatory mediators like interleukins (IL)-8, MIP-1a, and MIP-1b, linked with mononuclear cell and
neutrophil infiltration into the stomach mucosa following infection by H. pylori. Hsp60 triggers nuclear factor kappa B
(NF-xB) activation via TLR2 and MAP kinase signaling pathways, stimulating IL-8 release from human monocytes.
Elevated anti-Hsp60 antibody levels are commonly observed in H. pylori-infected individuals, and their concentrations
correlate with the severity of gastritis or GC. The prevalence of CagA-positive H. pylori is approximately 60% in Western
countries and approaches 90% in Asian populations. The cagPAlI, a 40 kb chromosomal DNA segment, harbors over 30
genes, including six homologous to the type IV secretion system (T4SS), facilitating the injection of CagA into the host
gastric cell cytoplasm[28-31].

Once translocated, CagA interacts with phosphatidylserine, localizing to the inner surface of the plasma membrane.
Upon phosphorylation, CagA interacts with the phosphatase SHP-2, modulating cellular processes such as adhesion,
motility, and spreading. Beyond this, CagA triggers cytoskeletal remodeling, alters proliferation, and enhances IL-8
secretion from gastric epithelial cells. Independent of phosphorylation, CagA engages with the hepatocyte growth factor
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Table 1 Key virulence factors involved in Helicobacter pylori infection

Key virulence

Mechanisms of action

factors

CagPAl and CagA CagPAI encodes the type IV secretion system and effector protein CagA. CagA is translocated into epithelial cells, where it
phosphorylates and triggers signaling cascades associated with gastric cancer pathogenesis

VacA VacA is a secreted toxin that induces vacuolation in host cells. It affects T cell proliferation, mitochondrial function, apoptosis, IL-8
release, and autophagy. Genetic polymorphisms in VacA influence its activity and are associated with the risk of gastric cancer

Urease Urease hydrolyzes urea to neutralize stomach acid and maintain an optimal pH for bacterial survival

Flagella Flagella facilitate bacterial movement and colonization. They also contribute to biofilm formation and modulate the immune

response by inducing the release of IL-8

OMPs like BabA, SabA, and OipA interact with host receptors, promoting long-term colonization, chronic inflammation, and IL-8
secretion

Outer membrane
proteins (OMPs)

CagA: Cytotoxin-associated gene A; BabA: Blood group antigen-binding adhesion A; SabA: Sialic acid-binding adhesion A; VacA: Vacuolating cytotoxin
gene A; IL: Interleukin.
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Figure 1 The key virulence factors involved in the pathogenicity of Helicobacter pylori infection. BabA: Blood group antigen-binding adhesion A;
SabA: Sialic acid-binding adhesion A; NAP: Neutrophil activating protein; Hsp: Heat shock protein; VacA: Vacuolating cytotoxin gene A; CagA: Cytotoxin-associated
gene A; T4SS: Type IV secretion system; ROS: Reactive oxygen species; IL: Interleukin; MIP: Macrophage inflammatory protein.

receptor Met, resulting in sustained stimulation of the PI3K/ Akt pathway. This signaling cascade drives gastric epithelial
proliferation and fosters a pro-inflammatory state linked to chronic gastritis and GC via the activation of NF-«xB and B-
catenin pathways (Figure 2; Table 3). Furthermore, H. pylori CagA upregulates DNMT1 expression via the AKT-NF-xB
pathway, leading to hypermethylation and inactivation of tumor suppressor genes like MGMT in stomach epithelial cells.
This mechanism contributes to GC development by promoting aberrant hypermethylation of promoter CpG islands of
tumor suppressor genes[28-32].

The mammalian Hippo tumor suppressor signaling pathway plays a critical role in regulating the size and homeostasis
of developing organs. Within this pathway, Yes-associated protein (YAP) serves as a key downstream effector, influen-
cing various cellular functions such as proliferation, differentiation, and migration of gastric epithelial cells. Elevated YAP
activity or overexpression has been strongly associated with enhanced cell proliferation and anti-apoptotic effects in
malignancies. This upregulation shows a significant correlation with disease advancement across multiple cancer types in
human patients[33]. Li ef al[34] conducted insightful experiments revealing that H. pylori's injection of CagA into cultured
stomach epithelial cells stimulates the oncogenic YAP pathway. This leads to a decrease in E-cadherin expression and an
upregulation of the epithelial-mesenchymal transition program, thereby fostering gastric carcinogenesis[35-38].
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Table 2 Some other virulence factors involved in the pathogenicity of Helicobacter pylori infection

Virulence factors Mechanisms of action

Lipopolysaccharide Triggers several signaling pathways

Induces several inflammatory responses

Induces immune responses

Disrupts the mucus secretion

Shielding the organism against toxic materials
Phospholipase Activates signaling pathways (e.g., ERK1/2)

Trigger chronic inflammation

Enhances bacterial colonization and survival

Involved in the degradation of lipids and damage to the mucus layer
Heat shock proteins Enhance adherence to epithelial surfaces

Involved in urease activation

Control apoptosis and autophagy

Help to maintain the structure and properties of the effector proteins

Protect the cell from reactive oxygen species (ROS)

Induce the production and release of IL-8, TNF-a and COX-2
Arginase Prevents bacterial killing

Prevents T-cell proliferation

Impair immune responses

Stimulate apoptosis

Help the H. pylori to withstand the acidic environment
Superoxide dismutase Protects the cell from ROS

Enhances colonization

Inhibits the production of cytokines

Stimulates macrophage activation
y-glutamyl-transferase Facilitates apoptosis and necrosis

Induces the release of pro-inflammatory proteins

Induces the release of ROS

Stimulates DNA damage
Cholesteryl a-glucosyltransferase (aCgT) Shields H. pylori from immunological attack

Stimulates the production of pro-inflammatory proteins (e.g., IL-8)

Enhances bacterial growth and its resistance to antibiotics

TNF-o: Tumor necrosis factor alpha; IL: Interleukin; Helicobacter pylori: H. pylori.

VacA stands as another pivotal virulence factor associated with H. pylori, recognized for its multifaceted impact on host
cells, including vacuolization, necrosis, and apoptosis. The VacA complex possesses the ability to integrate into the host
cell membrane, exhibiting characteristics of an anionic selective channel. The VacA toxin acts as a channel-forming
protein that enables bicarbonate and organic anions to enter host cells, supporting H. pylori colonization by exporting
nutrients that promote bacterial growth. Previous studies indicate that VacA can localize to multiple cellular compart-
ments. The toxin is internalized via endocytosis, reaching endosomal membranes, while extracellularly applied VacA
directly targets mitochondria, triggering cytochrome C release and apoptotic cell death. Furthermore, VacA activates
endoplasmic reticulum stress pathways, promoting both autophagy and apoptosis. H. pylori-driven epithelial cell apop-
tosis may play a dual role in disease pathogenesis, contributing to both acute gastric damage and the long-term pro-
gression to atrophy and malignancy[39,40].
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Table 3 Signaling pathways activated by Helicobacter pylori infection that promote uncontrolled cell proliferation

Signaling

Molecular mechanisms involved in gastric cancer induced by H. pylori
pathways

STAT3 pathway H. pylori activates the STAT3 pathway through upregulation of IL-6, CagA-mediated SHP-2 activation, and TLR2 interaction. STAT3
regulates downstream target genes involved in cellular processes such as development, proliferation, differentiation, EMT, invasion,
and metastasis

NF-xB pathway H. pylori activates NF-kB through direct activation by CagA, IKK kinase, and upregulation of pro-inflammatory factors. NF-xB
transcriptionally regulates genes involved in cell cycle progression, apoptosis inhibition, and cross-regulates with other tumor
signaling pathways

Wnt/ B-catenin H. pylori activates the Wnt/ p-catenin pathway through CagA-mediated accumulation and nuclear translocation of B-catenin.
Activation of this pathway disrupts cell cycle regulation, inhibits apoptosis, induces EMT, and promotes tumor cell proliferation,
motility, and invasion. Cross-regulation between Wnt/B-catenin and other pathways enhances oncogenic effects

Miscellaneous H. pylori activates additional signaling pathways including the MAPK pathway (ERK, JNK, p38), PI3K/ Akt pathway, Hippo

signaling pathways pathway, and various other pathways (HGF/Met, TGF-B, Hedgehog, Notch). These pathways are involved in regulating prolif-
eration, survival, migration, invasion, differentiation, apoptosis, stem cell properties, microRNA map, and exhibit complex cross-
regulatory interactions with each other and with the classical pathways

Helicobacter pylori: H. pylori.

ROLE OF OXIDATIVE STRESS AND CHRONIC INFLAMMATION

Persistent inflammation plays a pivotal role in the development of numerous malignancies, with H. pylori-associated GC
representing a prominent example. The infection initiates inflammatory cascades through multiple mechanisms, affecting
both the gastric epithelium (the primary site of bacterial contact) and recruited immune cells including neutrophils,
macrophages, and lymphocytes that infiltrate the infected tissue[41-43].

Oxidative stress, characterized by an increase in reactive oxygen species (ROS) production, plays a pivotal role in
causing damage to gastric epithelial cells and promoting carcinogenesis. ROS can induce oxidative DNA damage, leading
to the formation of 8-hydroxy-2'-deoxyguanosine (8-OHdG), a marker associated with DNA damage linked to cancer
development[44-48].

As essential effector cells of innate immunity, neutrophils perform critical antimicrobial functions through chemotaxis,
phagocytosis, and pathogen elimination. They achieve this through the production of antimicrobial substances like
oxidants, proteinases, and antimicrobial peptides[49-51]. ROS and reactive nitrogen species (RNS) produced by
neutrophils serve a dual function. They act as antimicrobial agents by directly killing microbial pathogens and also
regulate the physiological functions of neutrophils by modulating various molecular pathways. However, in the gastric
mucosa infected by H. pylori, ROS and RNS fail to eliminate the bacterium[52]. H. pylori can withstand oxidative stress
through defense mechanisms involving the production of antioxidant enzymes such as NapA, catalase, and superoxide
dismutase. Interestingly, H. pylori may even contribute to increased oxidative stress in gastric epithelial cells. H. pylori-
derived CagA induces the expression of spermine oxidase, an enzyme involved in converting spermine to spermidine,
resulting in the production of H,0, as a by-product. Elevated levels of H,O, can lead to ROS accumulation through
mitochondrial membrane depolarization and activation of caspase-mediated apoptosis. Elevated levels of ROS/RNS
induce multiple forms of DNA lesions, such as point mutations, adduct formation, and single- or double-strand breaks
(DSBs). Notably, 8-OHdG, a prominent oxidative DNA lesion, is markedly upregulated in GC tissues. APE1 serves as a
critical mediator in oxidative stress responses, participating in both gene expression modulation and the base excision
repair (BER) pathway. H. pylori infection can modulate APE1 function, with increased oxidative stress upregulating APE1
levels initially to repair DNA damage, but chronic infection eventually inhibits APE1 expression, leading to genetic
instability[53,54].

The adaptive immune response to H. pylori involves complex molecular pathways, where locally produced cytokines
are essential for maintaining persistent inflammation. During infection, the gastric mucosa shows marked upregulation of
Thl-associated [including interferon-y (IFN-y)] and Th17-associated cytokines (such as IL-17A and IL-21), whose
expression is modulated by antigen-presenting cell-derived mediators, particularly IL-12 and IL-23[55-58].

Studies by D'Elios et al[59] demonstrated the local production of anti-H. pylori IgA and IgG, along with a specific
response of Thl effectors in the gastric antrum of infected patients, leading to increased synthesis of IFN-y, tumor
necrosis factor alpha (TNF-o0), and IL-12. This immune response may contribute to the development of PU or H. pylori-
related gastric B-cell lymphoma. Circulating anti-H. pylori IgG and IgA antibodies provide reliable serological markers for
detecting bacterial infection, representing a convenient non-invasive approach for tracking H. pylori status in patients
with premalignant gastric conditions, including atrophy, metaplasia, and dysplasia. Transforming growth factor-p1 (TGF-
B1) functions as a potent suppressor of Thl-mediated immunity, modulating inflammatory responses during chronic
infection. In H. pylori-infected gastric tissue, elevated expression of Smad?7, a negative regulator of TGF-p1 signaling,
inhibits the TGF-B1 regulatory cascade. This leads to heightened levels of IFN-y and T-bet, exacerbating the Thl immune
response and tissue damage. T cell-derived cytokines, such as IL-21 and IL-17A, augment the production of matrix
metalloproteinases (MMPs), leading to epithelial damage and mucosal ulceration. IL-21, found at elevated levels in
H. pylori-infected gastric mucosa, stimulates the production of MMP-2 and MMP-9 in gastric epithelial cells, exacerbating
tissue damage. IL-17A, another cytokine overproduced during H. pylori infection is positively correlated with GC
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Figure 2 The main signaling pathways implicated in the pathogenesis of gastric cancer development by Helicobacter pylori virulence
factors. This figure was created by BioRender.com (Supplementary material).

progression and invasiveness. It stimulates the production of inflammatory mediators and MMPs, propagating mucosal
inflammation and destruction[59].

Although H. pylori triggers inflammatory responses, it demonstrates remarkable persistence in the gastric mucosa,
often surviving for decades. Emerging research reveals that bacterial cholesterol-a-glucosyltransferase activity depletes
cellular cholesterol stores in infected epithelial cells. This enzymatic action disrupts IFN-y-mediated signaling, thereby
suppressing host inflammatory defenses and facilitating bacterial immune evasion[60].

HOST RESPONSES AND GENETIC SUSCEPTIBILITY

Host genetic polymorphisms, particularly in genes associated with proinflammatory responses such as IL-1p, IL-1RN, IL-
8, IL-10, and TNF-q, play a significant role in influencing the severity of H. pylori-related diseases. These genetic variations
can modulate the host immune response to H. pylori infection, impacting disease progression and clinical outcomes[61].

IL-1B is a key proinflammatory cytokine involved in the regulation of immune responses. Polymorphisms in the IL-1p
gene have been linked to altered IL-1B expression levels, affecting the intensity of the inflammatory response to H. pylori
infection. IL-1 receptor antagonist (IL-1RN) is a natural inhibitor of IL-1p activity. Genetic variations in the IL-IRN gene
can influence the balance between IL-1B and its antagonist, thereby modulating the inflammatory response and disease
outcome in H. pylori-infected individuals. IL-8 is a chemokine that plays a crucial role in recruiting neutrophils and other
inflammatory cells to the site of infection. Genetic polymorphisms in the IL-8 gene can affect its expression levels,
influencing the magnitude of the inflammatory response and tissue damage in H. pylori-related diseases. IL-10 is an anti-
inflammatory cytokine that regulates immune responses and helps prevent excessive tissue damage. Variations in the IL-
10 gene can impact its expression levels, thereby modulating the balance between proinflammatory and anti-inflam-
matory responses during H. pylori infection. TNF-a is another key proinflammatory cytokine involved in the immune
response to H. pylori. Genetic polymorphisms in the TNF-o gene can influence TNF-a production, affecting the intensity
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of the inflammatory response and disease severity in H. pylori-infected individuals[61,62].

Overall, host genetic polymorphisms in genes related to proinflammatory responses play a crucial role in shaping the
immune response to H. pylori infection and determining the severity of associated diseases. Understanding these genetic
factors can provide valuable insights into disease pathogenesis and aid in the development of personalized treatment
strategies for H. pylori-related conditions.

DYSREGULATION OF DNA REPAIR PATHWAYS

H. pylori impairs host DNA repair mechanisms through multiple pathways, creating genomic instability that drives
gastric carcinogenesis. The bacterium's virulence factors, particularly CagA and VacA, play central roles in this process.

CagA disrupts key DNA damage response proteins such as p53 and ATM/ATR, which are critical for detecting and
repairing DNA DSBs. By inducing oxidative stress through ROS and RNS, H. pylori causes chronic inflammation, further
damaging DNA while simultaneously suppressing repair mechanisms like BER and mismatch repair (MMR). VacA
exacerbates this by forming pores in mitochondrial membranes, leading to mitochondrial dysfunction and additional
ROS production. Moreover, H. pylori infection promotes epigenetic silencing of DNA repair genes (e.g., MLH1 and
MGMT) via hypermethylation, impairing error correction. The combined effects of direct DNA damage, suppressed
repair pathways, and inflammation-induced mutations create a permissive environment for oncogenic mutations in genes
like TP53 and CDH1 (E-cadherin), accelerating the progression from chronic gastritis to GC. Thus, H. pylori acts as a
biological carcinogen not only by inducing inflammation but also by systematically disrupting the host’s genomic
safeguards[63].

Dysregulation of DNA repair pathways, including deficiencies of enzymes like PMS2 and ERCC1, has been implicated
in the development of H. pylori-associated GC. Understanding the role of these DNA repair enzymes in the pathogenesis
of GC associated with H. pylori infection can provide insights into potential therapeutic targets for preventing or treating
this malignancy[64,65]. Further investigation is necessary to uncover the mechanisms underlying the dysregulation of
DNA repair pathways in H. pylori-infected gastric tissues and their contribution to cancer development. H. pylori infection
triggers both inflammatory responses and genotoxic effects in host cells, leading to direct and indirect DNA lesions,
including oxidative stress-induced damage and DSBs. Consequently, genetic and/or epigenetic disruptions alter the
selection of DNA repair pathways, leading to inaccurate DNA repair, genomic instability, and chromosomal aberrations,
all of which can promote gastric carcinogenesis. The cellular DNA damage response employs multiple repair mecha-
nisms, including MMR, BER, nucleotide excision repair, homologous recombination (HR), and both canonical (NHE]) and
alternative end-joining pathways. These repair systems operate in concert with checkpoint signaling that induces cell
cycle arrest or apoptosis when DNA damage cannot be properly corrected. Mounting evidence indicates that H. pylori
infection dysregulates DNA repair processes through either transcriptional modulation of repair genes or direct func-
tional interference with repair machinery.

The MMR pathway is a crucial mechanism for maintaining genome stability by correcting errors that occur during
DNA replication. Dysfunctions in MMR are associated with various diseases, including hereditary non-polyposis
colorectal cancer and brain tumors. In human cells, several MMR proteins have been identified. The hMSH2-hMSH6
complex (hMutSa) primarily recognizes base-base mismatches and small insertion-deletion loops, while MutSB (hMSH2-
hMSHS3 complex or hMutSp) targets larger insertion-deletion loops. These complexes, along with MutL homologs
(hMLH1, hMLH3, hPMS1, and hPMS2), form the MMR machinery. While hMutLo (hMLH1-hPMS2 complex) is essential
for MMR, the functions of hMutLf and hMutLy are less understood[66-69].

In eukaryotic cells, defects in DNA MMR are detected as microsatellite instability (MSI), characterized by alterations in
simple sequence repeats. MSI is considered a hallmark of MMR deficiencies and is a reliable biomarker for stomach
cancer. Notably, MSI-positive GCs demonstrate significantly higher H. pylori colonization rates than their MSI-negative
counterparts. This clinical observation suggests potential bacterial-mediated dysregulation of MMR mechanisms during
gastric carcinogenesis[70].

Studies have investigated the impact of H. pylori infection on the MMR pathway in GC cell lines. Studies revealed a
significant reduction in MLH1, PMS1, PMS2, MSH2, and MSH6 protein levels following H. pylori infection, a phenome-
non not mediated by the CagA virulence factor. While MSH2 and MSH6 mRNA expression was correspondingly
suppressed, MLHI1 transcript levels remained unaffected. Importantly, the expression of MLH1 and MSH2 returned to
normal levels after H. pylori eradication, indicating reversible inhibition of MMR gene expression. Further investigations
in chronically infected patients with H. pylori before and after eradication treatment showed that bacterial eradication
increased MLH1 and MSH2 expression, suggesting that chronic H. pylori infection may have a negative impact on MMR
in gastric epithelium, leading to mutation accumulation. Consistent with these findings, studies on human gastric tissue
samples revealed lower MLH1-positive epithelial cell nuclei in H. pylori-positive patients compared to uninfected indi-
viduals.

Both cell culture and animal model studies consistently showed that H. pylori infection reduces MMR capacity in
gastric epithelial cells, evidenced by diminished expression of MMR genes and their protein products, along with
impaired repair function. This decrease was not dependent on bacterial virulence factors and led to increased genetic
instability. Moreover, H. pylori infection induced the accumulation of DSBs in gastric cells, primarily repaired through
error-prone NHE] rather than HR. This shift in repair mechanism was mediated by the upregulation of NHE]-related
genes and the downregulation of HR-related genes[71,72].

A study identified the upregulation of long, noncoding RNA SNHG17 by H. pylori infection, which increased DSBs by
promoting NHE] over HR repair. SNHG17-mediated recruitment of NONO, involved in NHE], and its role as a decoy for
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miR-3909, which regulates HR, contributed to chromosomal abnormalities associated with GC development. Overall,
these findings demonstrate that H. pylori infection induces dysregulation of the MMR pathway, leading to increased
genetic instability and promoting gastric carcinogenesis[72,73].

MOLECULAR HETEROGENEITY OF GC

GC is a molecularly heterogeneous disease, and H. pylori-induced tumors exhibit distinct molecular features that
influence both pathogenesis and treatment response[74]. The TCGA study identified four major GC subtypes, with
H. pylori-associated cancers most commonly falling into the chromosomal instability (CIN) group, characterized by TP53
mutations and intestinal-type histology[75]. Similarly, the ACRG classification by Cristescu et al[76] linked H. pylori-
driven cancers to the MSS/TP53- and MSS/TP53+ subtypes, both associated with worse outcomes compared to MSI-high
tumors. H. pylori-induced GC is most commonly associated with intestinal-type histology, CIN, and specific molecular
changes such as TP53 mutations, epigenetic silencing, and inflammatory gene signatures. Understanding these molecular
traits can help refine treatment strategies and identify which patients benefit most from targeted therapies or immune
modulation.

POTENTIAL THERAPEUTIC TARGETS AND PREVENTION STRATEGIES

Eradication therapy

The eradication of H. pylori infection is a cornerstone in the prevention of GC, as chronic infection is a major risk factor for
the development of gastric adenocarcinoma. Current eradication therapies typically involve a combination of antibiotics
(such as clarithromycin, amoxicillin, or metronidazole) and proton pump inhibitors. While these regimens have shown
success in reducing H. pylori colonization and associated inflammation, their effectiveness in preventing GC varies
depending on factors such as the timing of intervention, antibiotic resistance, and the extent of pre-existing gastric
damage. Studies have demonstrated that eradication therapy is most effective in preventing GC when administered
before the onset of precancerous lesions, such as atrophic gastritis or intestinal metaplasia. However, in advanced stages
of gastric carcinogenesis, eradication alone may not be sufficient to reverse the damage, highlighting the need for early
detection and treatment of H. pylori infection[77,78].

Several key randomized controlled trials (RCTs) have shown that H. pylori eradication therapy is most effective in
preventing GC when administered before the development of precancerous lesions such as atrophic gastritis or intestinal
metaplasia. In the Shandong intervention trial[79], a double-blind, factorial RCT with over 3000 participants evaluated the
effects of antibiotics, vitamins, and garlic on precancerous lesions and found a significant reduction in lesion progression,
especially when eradication was performed early. The Wong et al[80] study randomized 1630 individuals in a high-risk
Chinese population to receive H. pylori treatment or placebo and demonstrated a reduced incidence of GC primarily in
those without baseline intestinal metaplasia or dysplasia. Similarly, Ma et al[81] followed a Chinese cohort over 15 years
and found that early eradication significantly reduced GC incidence, particularly in participants without precancerous
changes. Finally, the Fukase et al[82] trial, conducted in Japanese patients with early GC post-endoscopic resection,
showed that eradication reduced the risk of metachronous GC by 66%. Across all studies, the primary outcome was the
incidence or progression of GC, and the study designs were robust, long-term RCTs with histological or clinical
endpoints to assess cancer risk.

Precancerous gastric lesions, including atrophic gastritis and intestinal metaplasia, are assessed histologically using
validated staging systems. The Operative Link on Gastritis Assessment (OLGA) system, as described by Rugge et al[83],
quantifies the severity and topographic extent of gastric atrophy by scoring biopsies from the antrum and corpus. This
staging correlates well with GC risk. Capelle ef al[84] further validated that intestinal metaplasia, when used in place of
atrophy, provides equally reliable staging within the OLGA framework.

In large trials like the Shandong Intervention Trial by You et al[79] and the 15-year follow-up study by Ma et al[81],
gastric mucosal biopsies were evaluated using the Updated Sydney System, which semiquantitatively scores atrophy and
intestinal metaplasia (none, mild, moderate, marked) across multiple gastric sites. These studies demonstrated that
eradication of H. pylori before the onset or in early stages of these lesions significantly reduces progression and the risk of
GC.

Several studies and meta-analyses have explored whether different antibiotic regimens for H. pylori eradication vary in
their GC prevention efficacy. While Ma et al[81] demonstrated that H. pylori eradication (regardless of regimen)
significantly reduces GC incidence over 15 years, Liou et al[85] provided evidence that bismuth quadruple and
concomitant therapies achieved significantly higher eradication rates than standard triple therapy. Although GC
outcomes were not directly compared across regimens in Liou et al's study, improved eradication correlates with better
cancer prevention[85]. Lee et al[86] confirmed through meta-analysis that H. pylori eradication significantly lowers GC
risk, though regimen-specific comparisons were limited. The American College of Gastroenterologists guidelines[87]
recommend tailored therapy based on local antibiotic resistance, highlighting that higher eradication efficacy, particularly
in resistant regions, is key to maximizing cancer prevention. While GC prevention is more dependent on successful
eradication than the specific regimen, comparative studies have shown that newer regimens (bismuth quadruple,
concomitant) yield significantly better eradication rates, especially in areas with high resistance, indirectly improving
cancer prevention outcomes.
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Antibiotic resistance, particularly to clarithromycin, is a major factor reducing the success rate of H. pylori eradication,
with treatment failure occurring in areas where resistance exceeds 15%[87,88]. The Maastricht VI/Florence consensus
recommends avoiding standard triple therapy in high-resistance regions and favoring regimens like bismuth quadruple
or concomitant therapy. To mitigate resistance-related failure, strategies include tailored therapy based on susceptibility
testing and adopting novel acid suppression approaches, such as vonoprazan-based dual therapy, which demonstrated
high eradication rates even in resistant strains[89].

Post-H. pylori eradication, the gastric mucosa experiences a significant reduction in inflammatory mediators, oxidative
stress, epithelial proliferation, and microbial imbalance, all of which lower the risk of GC, especially when intervention
occurs before advanced precancerous changes develop. Following H. pylori eradication, inflammatory markers and
microbial dysbiosis in the gastric microenvironment are significantly reduced, which contributes to lowering GC risk.
Schulz et al[90] showed that eradication restores a healthier gastric microbiota composition, reducing pro-inflammatory
bacterial species. Nakajima et al[91] demonstrated that eradication can partially reverse epigenetic alterations, such as
CDH1 gene methylation, which are key drivers in gastric carcinogenesis. Additionally, Tahara[92] highlighted that
persistent inflammation promotes oxidative DNA damage and mutagenesis; thus, resolving inflammation post-
eradication helps stabilize the mucosa and suppress neoplastic transformation.

Evidence suggests that H. pylori eradication can still provide prognostic benefit and partially reverse gastric mucosal
damage even in advanced stages of gastric carcinogenesis. According to Wang et al[93], eradication significantly improves
gastric atrophy and shows limited but possible regression of intestinal metaplasia, especially in less extensive cases. Shin
et al[94] demonstrated that eradication reduces aberrant DNA methylation over a 10-year period, suggesting reversal of
molecular damage associated with cancer progression. Additionally, Choi ef al[95] found that eradication therapy
significantly lowers the risk of metachronous GC after endoscopic resection of early GC, highlighting its role in impro-
ving long-term outcomes even when precancerous changes are already present.

Vaccine development

Vaccine development represents a promising strategy for the primary prevention of H. pylori-induced GC. Research has
focused on identifying immunogenic antigens, such as urease, VacA, and CagA, which play critical roles in H. pylori
pathogenesis. Advances in vaccine technology, including the use of recombinant proteins, DNA vaccines, and mucosal
delivery systems, have shown potential in eliciting robust immune responses in preclinical models. However, challenges
remain in translating these findings into effective human vaccines, including the need for long-lasting immunity and the
ability to overcome the bacterium's immune evasion strategies. Despite these hurdles, ongoing clinical trials and
innovative approaches, such as multi-epitope vaccines and adjuvants, continue to drive progress in this field[96-99].

Targeted molecular therapy

The molecular mechanisms underlying H. pylori-induced carcinogenesis provide opportunities for targeted therapies
aimed at disrupting specific pathways involved in GC development. Key pathways include the NF-xB and MAPK
signaling cascades, which are activated by H. pylori virulence factors such as CagA and promote inflammation and cell
proliferation. Additionally, targeting oxidative stress and DNA damage responses, which are exacerbated by chronic
infection, may help mitigate carcinogenic processes. Small molecule inhibitors, monoclonal antibodies, and epigenetic
modulators are being explored as potential therapeutic agents to block these pathways. Combining targeted molecular
therapies with eradication regimens or vaccines could enhance the prevention and treatment of H. pylori-associated GC,
offering a multifaceted approach to reducing the global burden of this disease[96].

Understanding H. Pylori’s molecular mechanisms can pave the way for targeted therapies and preventive strategies by
pinpointing key virulence factors, host-pathogen interactions, and immune evasion strategies. For example, targeting
toxins like CagA and VacA, which disrupt host cell signaling and promote inflammation and cancer, could involve
developing inhibitors that block their secretion through the T4SS or neutralizing their effects with monoclonal antibodies.
Additionally, since H. pylori relies on urease to survive stomach acid, small-molecule urease inhibitors could jeopardise its
colonization. Disrupting bacterial adhesion molecules like BabA and SabA, could prevent infection using synthetic
analogs that competitively block these interactions. Furthermore, since H. pylori forms biofilms that enhance antibiotic
resistance, quorum-sensing inhibitors or biofilm-disrupting agents could improve treatment efficacy. On the host side,
modulating immune responses, such as balancing Treg/Th17 activity or manipulating TLR/NLR signaling, could reduce
chronic inflammation without eliminating protective immunity. Meanwhile, vaccine development using CagA, VacA, or
urease subunits, along with engineered probiotics that competitively exclude H. pylori, could offer preventive solutions.
Finally, personalized approaches, such as screening for high-risk strains (CagA+/VacA+) or detecting early molecular
biomarkers, could enable preemptive treatment before malignancy develops. By leveraging these molecular insights,
researchers can design more effective, tailored interventions to combat H. pylori infections and their devastating
consequences, including GC[100-102].

CONCLUSION

In conclusion, H. pylori infection represents a significant risk factor for a spectrum of gastroduodenal pathologies,
encompassing PUs and gastric adenocarcinoma. This bacterium employs a multifaceted pathogenesis strategy. H. pylori
utilizes urease activity to neutralize gastric acid, facilitating colonization. Flagella enable motility towards the epithelium,
where adherence occurs via bacterial adhesins. Virulence factors like CagA disrupt cellular homeostasis and trigger
chronic inflammation. Furthermore, H. pylori infection can compromise DNA repair mechanisms, promoting
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mutagenesis. Host genetic polymorphisms also influence disease susceptibility. Elucidating these intricate mechanisms
underlying H. pylori pathogenesis is paramount for developing targeted therapies to eradicate the infection and prevent
its associated gastric diseases.
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Abstract

Primary biliary cholangitis (PBC) is a chronic cholestatic liver disease charac-
terized by damage and loss of the epithelial lining of small intrahepatic bile ducts,
leading to ductopenia and cholestasis. In advanced stages, this process results in
cirrhosis and liver failure. The disease belongs to cholangiopathies. The review
addressed historical questions concerning: The history of the first mention of this
disease; how its nomenclature was formed; when specific serological tests were
discovered and their importance in the diagnosis of PBC; the history of urso-
deoxycholic and other bile acids for the treatment of PBC; and the significance of
modern data on impaired bicarbonate production by cholangiocytes in the
pathogenesis of PBC.

Key Words: Nonobstructive biliary cirrhosis; Addison-Gull syndrome; La cirrhose hyper-
trophique avec ictére chronique; Hypertrophic cirrhosis Hanot; Xanthomatous biliary
cirrhosis; Primary biliary cirrhosis; Primary biliary cholangitis
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Core Tip: The present review was devoted to an examination of the historical aspects of
primary biliary cholangitis. The initial references to the disease are examined, along
with the evolution of its nomenclature. The importance of the development and the
evolution of clinical, laboratory, and instrumental methods for the discovery and
elucidation of the pathophysiological mechanisms of primary biliary cholangitis is
shown.
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INTRODUCTION

Primary biliary cholangitis (PBC) is a chronic cholestatic progressive liver disease characterized by the destruction,
necrosis, and apoptosis of the biliary epithelium predominantly in the intralobular, interlobular, and septal bile ducts
with the formation of antimitochondrial autoantibodies (an autoimmune component). In the terminal stage, liver cirrhosis
develops.

The advent of new scientific methodologies has been instrumental in the identification of this disease, the initial charac-
terization of its clinical, pathologo-anatomical, morphological, and laboratory manifestations, and the establishment of
diagnostic techniques. From these positions we propose the consideration of the evolution of the historical view
underlying the discovery, the description of the salient features of this disease, and the establishment of its diagnostic
criteria.

EARLY DESCRIPTIONS OF BILIARY CIRRHOSIS

Significance of clinical and pathologo-anatomical methodologies in the identification of disease

An early description of one of the cutaneous signs of the disease now known as PBC dates back to the mid-nineteenth
century. In 1851, an article “On a Certain Affectation of the Skin-Vitiligoidea-alpha plana, beta tuberosa” published by
Thomas Addison and William Gull in the Guys Hospital Report was the first description of cutaneous clinical signs that
the authors observed to be associated with liver pathology[1].

Thomas Addison (1793-1860) was an eminent English scientist, clinician, pathophysiologist, and anatomist. Thomas Addison,
after graduating from the Faculty of Medicine at Edinburgh University in 1815, moved to London and took up residency at the
Venereal Hospital. He subsequently continued his training at Guy'’s Hospital, ultimately becoming a lecturer in practical medicine.
Thomas Addison was considered an excellent diagnostician but was also a reserved person. He suffered from a depressive disorder and
died by suicide on June 29, 1860[2,3].

Sir William Withey Gull, 1 Baronet (1816-1890) was a physician of considerable erudition and is regarded as one of the foremost
medical experts of the 19" century. He was the personal physician to Queen Victoria. Sir William Gull was a highly regarded
internist and a physician who devoted a great deal of time to his patients. In 1871, he successfully cured the Prince of Wales, who had
fallen seriously ill with typhoid fever complicated by bronchitis, and was subsequently appointed as one of Queen Victoria's
physicians. As well as Addison, he worked and lectured to medical students at Guy’s Hospital and later became the hospital’s
manager. Gull’s scientific interests were in the study of skin diseases[3].

The authors drew attention to some unusual, rare skin lesions that differed from the then-known vitiligo and keloid.
The authors introduced the term “Vitiligoidea” to describe them, presenting two forms of these changes: The former,
designated “alpha plana”, manifested as flat plaque-like formations around the eyes (referred to as xanthelasmas in
contemporary nomenclature); and the latter, termed “beta tuberosa”, presented as flat tuberous tubercles at sites of
trauma and other regions of the body, including the ears, elbows, knees, and skin folds (now categorized as xanthomas)
[5].

Xanthelasma has been previously documented. In 1826, Rayer published an atlas of skin diseases in which he first
described xanthelasms around the eyes as yellow plaques the color of chamois leather, slightly raised, neither warm nor
red, and sometimes disposed in a somewhat symmetrical manner[4]. However, until Addison and Gull no one had
associated their occurrence with liver disease.

Addison and Gull described the morphology of xanthomas and xanthelasms and illustrated them with artistic
reproductions. One such illustration is presented in the review of White and MacDonald[2], where the artist carefully
painted flat formations rising above the skin (xanthelasms) on the upper and lower eyelids of a 43-year-old patient who
"...during the last five years there has been a gradual change in the integument of the eyelids, giving her a strange
expression..."[1,2].

A total of five observations were recorded and described; three of which bore a resemblance to the disease known
today as PBC. The observed patients ranged in age from 24 to 43 years. Subsequent analysis of the descriptions of these
observations showed that the skin changes detected in one female corresponded to tuberous sclerosis and in another to an
eruptive xanthoma in diabetes mellitus[2]. In three females the presence of flat xanthomas and xanthelasmas on the skin
was accompanied by prolonged jaundice, skin itching, and discomfort in the right subcostal area[2].

Despite the unavailability of lifetime histological examination to ascertain the involvement of the liver in the
pathological process during that era, Addison and Gull rightly hypothesized the correlation between the appearance of
“alpha plana” and “beta tuberosa” with liver damage in these patients[1,5]. Addison and Gull proposed the nomencla-
ture “nonobstructive biliary cirrhosis” for the disorder of liver function manifested by skin changes in the form of “alpha
plana” and “beta tuberosa”. In light of the seminal contributions made by Addison and Gull in establishing the corre-
lation between cutaneous manifestations and hepatic impairment, the disease was delineated not solely as “nonob-
structive biliary cirrhosis” but also as “ Addison-Gull syndrome”[6].
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In the ensuing years, a series of clinical and experimental papers have been published in the English, French, and
German scientific literature, thereby confirming this relationship[4,7-9]. It is noteworthy that some of these works assume
a primary role of xanthomatosis in the occurrence of biliary obstruction and the development of biliary cirrhosis[7,10,11].
Subsequent studies of autopsy material did not reveal xanthomatous changes in the epithelial lining of the bile ducts,
which was written about by Maxon, Face, and Pure-Smith[7,10,11].

Victor Hanot and the emergence of the term hypertrophic cirrhosis with chronic jaundice (la cirrhose hypertrophique

avec ictére chronique)

It is widely accepted that the initial description of the clinical manifestation of the disease that is now recognized as PBC
was provided by Victor Charles Hanot, a French physician who was renowned for his contributions to the field of
hepatology[4].

Victor Charles Hanot (1844-1896) was one of the most prominent French physicians of the 19" century. Hanot made significant
contributions to research in the field of hepatic cirrhosis and hemochromatosis. He was awarded his doctorate from the University of
Paris in 1875, following the presentation of his thesis on the subject of “Hypertrophic cirrhosis with chronic jaundice” (“La cirrhose
hypertrophique avec ictére chronique”)[4,12,13].

In his thesis, Hanot emphasized that the disease described by Addison and Gull was characterized by significant liver
enlargement and prolonged jaundice. Hanot pointed out that in contrast to the primary liver enlargement observed in
cases of portal cirrhosis the liver enlargement in the present context was not primary. However, it is permanent and
persists throughout the course of the disease, without regression afterwards. The analysis of pathologo-anatomical data
revealed that the liver enlargement and prolonged jaundice are accompanied by extensive fibrosis[9,12,13]. Subsequent
analysis revealed fibrosis to be a hallmark of the disease[14].

Hanot noted that despite the absence of any visible gross obstruction of hepatic ducts, the main cause of the developing
chronic process in the liver was the obstruction of bile outflow at the level of small intrahepatic bile ducts, which was
confirmed by anatomical and morphological correspondence during autopsy of patients after death[4,12,13]. Hanot
hypothesized that the obstruction of bile flow was most likely due to catarrhal inflammation of the smallest branches of
the biliary system, resulting in intrahepatic rather than extrahepatic obstruction[4,12,13]. As demonstrated by the
observations of Hanot and the works of other authors, it is evident that as the disease progresses, there is cellular infilt-
ration and fibroblastic proliferation around the small bile ducts. Hanot’s merit lies in the fact that he clearly delineated the
clinical picture of the disease, which is different from that of secondary biliary cirrhosis[13]. Concurrently, erroneous
attributions were made concerning the potential role of syphilis in its etiology[12,13]. In addition to the term
“hypertrophic cirrhosis with chronic jaundice”, the terms “hypertrophic cirrhosis Hanot” and “Hanot’s disease” were
also utilized[5].

IMPORTANCE OF DEVELOPING CHEMICAL AND LABORATORY METHODS FOR STUDY OF THE
DISEASE

Determination of the composition of xanthomas, xanthelasms, changes in blood lipid composition, and the emergence

of the term “xanthomatous biliary cirrhosis”

The first report pertaining to the chemical composition of xanthomas and xanthelasms was made by Quinquaud in Paris
in 1878 during a meeting of the clinical society[15]. As stated in Quinquaud’s published report, the occurrence of xantho-
mas and xanthelasms has been observed “...in cases of excess fat in the blood...”. According to the author’s data, the
content of “fats” in the blood of such patients can exceed the physiological norm by six or more times[15]. On the basis of
the data obtained, the author concluded that “...changes in blood composition play an important role in the development
of this curious condition”.

In subsequent years, an escalating number of scientific studies described clinical observations of hepatic impairment
accompanied by protracted jaundice and concomitant cutaneous manifestations in the form of xanthomas and
xanthelasms[7,16-20]. By the end of the 19* century, the characterization of the disease was based on clinical manifest-
ations and the results of pathological autopsies of deceased patients[4]. In the first half of the 20" century, new laboratory
methods were developed and subsequently integrated into clinical practice, thus enabling the identification and
recognition of laboratory signs of disease in patients diagnosed with Addison-Gull syndrome/Hanot’s disease. The
assessment of lipid metabolism and determination of a lipid profile has enabled the development of a more compre-
hensive understanding of the mechanisms underpinning the formation of xanthomas and xanthelasma.

Thannhauser and his colleagues[20-23] in the late 1930s and early 1940s revealed a clear relationship between the
appearance of xanthomas and xanthelasma with elevated levels of cholesterol and lecithin (four to eight times higher than
normal) in the serum of these patients based on clinical signs and taking into account biochemical data. The authors
suggested that the fundamental cause of the aforementioned condition is an imbalance in the processes of cholesterol
formation and excretion[23]. Despite a substantial increase in cholesterol and lecithin levels in the blood serum, it
remained clear and did not appear creamy[20,24]. Important laboratory signs of Addison-Gull Syndrome/Hanot’s
Disease included: Elevated plasma cholesterol and lecithin levels in these patients.

In addition to describing new laboratory signs, the authors made significant additions to the known (presence of
xanthomas and xanthelasma on the skin, enlargement of the liver and spleen, jaundice of multi-year duration) clinical
signs[21-23]. Thannhauser and his colleagues[20] noted that: (1) “...all cases reported so far...” were represented by female
patients between 30 and 50 years of age[25-30]; (2) Skin itching was one of the most important symptoms of the disease in
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these patients; and (3) despite Hanot’s suggestion of small bile duct inflammation, the patients did not have the fever
and/ or chills characteristic of inflammation.

Taking into account the presence of xanthomas and xanthelasms in patients with cirrhosis associated with Addison-
Gull Syndrome/Hanot’s Disease, MacMahon and Thannhauser[20] in 1949 proposed to the name “xanthomatous biliary
cirrhosis” for this disease, distinguishing it as an independent pathology. In this study, the authors noted that “xantho-
matous biliary cirrhosis” could not be classified in the “hypercholesterolemic familial xanthomatosis” group because
“...no familial morbidity has been identified in the cases that have been previously described”[20].

The subject of generalized lipid accumulation and the development of xanthomatosis, first mentioned by Quinquaud[4,
15], was developed further by Thannhauser and his colleagues[21-23]. These works attracted the attention of the
renowned 20*-century lipidologist Ahrens[31].

Ahrens and his proposed term “primary biliary cirrhosis”

The contributions of Ahrens[32] to the field of cholesterol metabolism have been significant, particularly in the area of
understanding the impairment of lipid metabolism in liver disease, which is accompanied by xanthomatosis and
hyperlipidemia.

Ahrens (1915-2000) was a famous lipidologist of the 20™ century. Ahrens received his Bachelor of Science (1937) and Doctor of
Medicine (1941) degrees from Harvard University[33]. Throughout the course of his professional career, Ahrens was a known
proponent of patient-centered research. He is best known for his book “The Crisis of Clinical Research” published in 1992. It examined
the transition of medical science to laboratory research. In his work, he demonstrated the significance of comprehending the physico-
chemical characteristics of diverse classes of lipoproteins for various diseases. The clinical study that he conducted on the subject of
lipid profiles in patients suffering from primary biliary cirrhosis is the most frequently cited by other researchers within the relevant
field[24].

The findings of his research constituted the foundation for the advancement of diagnostic methodologies pertaining to
“xanthomatous biliary cirrhosis”, which ensured his diagnosis at earlier stages.

Ahrens’ observations of 18 patients with “xanthomatous biliary cirrhosis” revealed that while there was an increase in
serum lipids, this was not accompanied by the presence of xanthomas and xanthelasms. This finding suggested the
existence of a pre-xanthomatous stage in these patients despite the development of cholestasis. The pre-xanthomatous
stage, as defined by Ahrens, is characterized by a lesser degree of manifestation of biliary tract obstruction and a less
pronounced increase in serum lipid levels[24]. Ahrens’ research demonstrated that the majority of patients are in the pre-
xanthomatous stage and that the xanthomatous phase, as he defined it, signified only the most severe and dramatic
terminal stage of the disease’s progression. According to Ahrens xanthomatosis in this disease was secondary, and the
disease progresses through three stages: Pre-xanthomatous; xanthomatous; and terminal stages.

Ahrens also demonstrated the possibility of reverse development of xanthomas and xanthelasms. The progression to a
marked xanthomatous stage and back depends on the degree of increase in serum cholesterol and lecithin levels. It has
been shown that if serum lipids remain sufficiently elevated for a long period of time, the appearance of skin xanthomas
can be predicted. If for any reason the obstruction is removed, serum lipids can be expected to fall to normal levels and
the xanthomas and xanthelasms to dissipate[24].

At the same time, according to Ahrens, the changes in the lipid profile leading to skin xanthomatosis are strikingly
different from those that define the presence of arterial atheromatosis. Therefore, no clinical, electrocardiographic, or
radiographic signs of atherosclerosis or coronary artery disease were detected in these patients[24,34].

Ahrens[20,24] expressed concerns about the imprecision of the term “xanthomatous biliary cirrhosis” proposed by
Thannhauser and colleagues due to the fact that xanthomas and xanthelasms occur in only 5%-10% of cases. A large
proportion of early reports described patients with “xanthomatous biliary cirrhosis” at the terminal stage of disease. As a
rule, the disease was diagnosed at late stages of pronounced cholestasis[31,33,35]. As a result, Ahrens et al[31], taking into
account the morphological description of the final cirrhotic stage of the disease in 1950, justified and introduced the term
“primary biliary cirrhosis” (PBC). Subsequent to that period, the terms “Addison-Gull syndrome” and “cirrhosis of
Hanot” have become historical.

Ahrens emphasized the necessity of identifying specific criteria for the differential diagnosis of PBC (in which there is
damage to small intralobular, interlobular, and intrahepatic bile ducts) and secondary biliary cirrhosis (initiated by
obstructive lesions)[31]. The author drew attention to the paradox in blood lipid analysis in primary and secondary
biliary cirrhosis, which he proposed to use for differential diagnosis of these conditions.

A comprehensive analysis of the literature data, encompassing long-term clinical and laboratory observations of
patients diagnosed with PBC and “secondary biliary cirrhosis”, has shown: (1) In PBC the large bile ducts are always
passable and bile can flow into the intestine through them, but extremely high values of total cholesterol (4-8 times higher
than the reference value) as well as lecithin (4-10 times higher than the reference value) in serum are noted[20,24]. At the
same time, neutral lipids are at low values; and (2) In “secondary biliary cirrhosis” associated with complete obstruction
of large bile ducts and impaired bile outflow, there is no such significant increase in cholesterol and lecithin level [20,24].

According to Ahrens, serum lipid analysis, in addition to clinical findings, is the decisive factor for the diagnosis of
“primary (xanthomatous) biliary cirrhosis”. The clinical and pathological features of PBC have been supplemented with
laboratory tests. In the 1950s this approach promoted some successes in improving the diagnosis of this disease at earlier
stages. The revealed disorders of lipid status in PBC were confirmed by the data on the study of bile and hepatobioptates
of these patients using *P-NMR spectroscopy[36]. By the close of the 1950s, the prerequisites for studies of the histopatho-
logical evolution of the disease had been established[3,37,38].

Along with the emergence of new laboratory methods of investigation, morphological methods were being developed
and improved. The incorporation of percutaneous puncture liver biopsy into clinical practice has engendered the capacity
to undertake lifetime histochemical and morphological studies of liver biopsy specimens. This, in turn, has facilitated the

Buissidenge  VIGP | https://www.wjgnet.com 4 June 22,2025 | Volume16 | Issue2 |



Reshetnyak VI ef al. PBC-historical aspects

enhancement of diagnostic capabilities, enabling the identification of disease at its earliest stages.

MORPHOLOGICAL AND ELECTRON MICROSCOPIC METHODS IN THE STUDY OF PBC

Morphological classifications of PBC

In the 1960s Rubin et al[39] first described the spectrum of histological changes of the liver detected in “primary (xantho-
matous) biliary cirrhosis” in liver biopsy specimens. The authors noted that the primary damage occurs in the smallest
bile ducts, which is accompanied by a cellular, granulomatous reaction in the portal tract and in the connective tissue
where there are lymphatic vessels[39-42]. Bile thrombi are detected in intralobular bile ducts, i.e. in cholangioles and
canaliculi. The surfaces of hepatocytes in close proximity to damaged canaliculi undergo degenerative and even necrotic
changes[39,41]. For the majority of the duration of the disease, the patient appears to be in good health[4]. This is due to
the fact that the liver cells are only slightly damaged, and the effects of portal hypertension and hepatic failure are only
evident in the later stages of the disease. It is only at this point, after many years, that the disease ultimately results in
death.

The advent of lifetime morphological and histochemical studies of liver biopsy specimens has led to the establishment
of morphological classifications that delineate the developmental stages of PBC. In 1967 Scheuer[37] presented a detailed
description of the four histological stages of this disease (Table 1)[38]. A little later Popper and Schaffner[43] and
Schaffner and Bacchin[44] presented a comprehensive analysis of the morphological changes that occur at various stages
of the disease, with particular emphasis on their correlation with the clinical manifestations of cholestasis. The authors
underscored the significance of these morphological changes in relation to the disturbances in bile acid metabolism[44]. In
1978 Ludwig et al[38] having analyzed 219 individual biopsy specimens from 101 patients with the established morpho-
logical diagnosis of “chronic non-purulent destructive cholangitis” (the syndrome of PBC) proposed their classification of
the stages of the disease (Table 1).

The use of different terminology in the nomenclature of the individual morphological stages of PBC serves to
emphasize, reflect, and clarify the essence of the ongoing pathological processes without contradicting each other. The
classification system has been in continuous use for many decades; this is partly due to the fact that the descriptions of the
stages in these classifications are based on uniform histological criteria that apply to all specimens and are easily
reproducible. All classifications concur that in the early stages the principal changes occur in the small bile ducts. It is
only as cholestasis progresses that hepatocyte damage occurs and fibrosis develops (stage three).

The famous pathomorphologist Professor Aruin has noted that the morphological changes in liver biopsy specimens
are characterized by a peculiar ‘mosaic’ of damage[45]. Signs of at least two different stages can always be seen in
histological preparations. This phenomenon can be attributed to the fact that the sequential progression from one stage to
another may be subject to differential expression in different areas of the liver[45,46].

Electron microscopic changes in PBC

Electron microscopic and electron histochemical studies of liver biopsy material from patients diagnosed with PBC
revealed stereotypical changes in ultrastructure that are characteristic of the unfolded cholestasis stage: Local divergence
of hepatocytes with an increase in intercellular spaces; partial hypertrophy and vacuolization of smooth and rough
endoplasmic reticulum of hepatocytes; accumulation of lipid droplets in liver cells and formation of myelin-like
structures; and changes in the shape and structure of mitochondria, characterized by a decrease in the number of inner
membrane cristae[46]. The osmiophilic, myelin-like, and cholesterol-digitonin structures are likely to represent
intracellular complexes of cholesterol, phospholipids, and bile acids formed in response to cholestasis[46]. It can be
hypothesized that osmiophilic, myelin-like, and cholesterol-digitonin structures represent micellar-lamellar complexes of
bile acids with cholesterol and phospholipids. Indirectly, the presence of these structures indicates that the damage of
hepatocytes in chronic cholestasis is caused by the accumulation of bile acids in them.

The data from electron microscopic studies demonstrating the disturbance of intercellular contacts in cholestasis
syndrome are in agreement with the results of cell adhesion assessment. A quantitative adhesiometric method was
developed for the study of hepatobioptates in patients with various chronic liver diseases[47]. The application of this
method has revealed that in PBC there is a weakening of interhepatocyte interactions (contacts) due to increased pressure
in bile capillaries resulting from intrahepatic cholestasis in small bile ducts[47].

As illustrated in Table 1, the allocation of four stages of the disease is accepted by all morphologists, but only the fourth
stage of the disease is universally presented by all as cirrhosis and corresponds to the generally accepted criteria of this
disease[45].

Sheila Sherlock, analysis and critique of the term PBC
Given that cirrhosis in these patients develops only in the late stages of the disease, the world-renowned scientist, hepato-
logist Sheila Sherlock, already in 1959 began to oppose the term “primary biliary cirrhosis” proposed by Ahrens.
Sherlock[35] (1918-2001) was a world-renowned physician, scientist, gastroenterologist, and a leading hepatologist. In 1945,
Sherlock[35] was awarded the Edinburgh MD degree (and gold medal) for her thesis on “The Liver in Disease: With special reference
to aspiration biopsy of the liver”. At the age of 30, she established the world’s first liver disease unit. In 1950, she cofounded the
American Association for the Study of the Liver with Hans Popper, and in 1958, she became the first president of the International
Association for the Study of the Liver. Sherlock[35] published an outstanding monograph in 1955, entitled “Diseases of the Liver and
Biliary System”. This monograph has been reprinted many times (eight editions during her lifetime). It has also been translated into
at least six languages, demonstrating its international appeal and importance[48,49].
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Table 1 The morphological classification of stages of primary biliary cholangitis, adapted from Ludwig et al[38]

Morphologic findings on biopsy

Ref.
Stage | Stage ll Stage lll Stage IV
Scheuer[37] Portal Periportal Septal Cirrhosis
Portal hepatitis Periportal hepatitis Bridging necrosis (passive septa)
or septal fibrosis (active septa),
or both
Popper and Cholangitis Ductular proliferation Precirrhosis Cirrhosis
Schaffner[43]  Portal hepatitis with duct lesions Same as stage II of Scheuer Same as stage III of Scheuer
Ludwig et al Florid duct lesion Ductular proliferation Scarring Cirrhosis
[38] Portal hepatitis with duct lesions, or Periportal hepatitis (and bridging Septal fibrosis but absence of
periportal hepatitis with duct lesions but necrosis?), with ductular proliferation true regenerative nodules
without ductular proliferation but without fibrosis

In the course of long-term observation of patients diagnosed with PBC, Sherlock[35] showed that in most cases the
disease proceeds without the presence of cirrhosis, thus allowing her to distinguish the pre-cirrhotic stage of the disease
[50]. She described 42 clinical observations of patients diagnosed with PBC who she supervised for 15 years[35]. In
describing the clinical features, Sherlock carefully described the timing of appearance of skin itching, jaundice, the sites of
xanthomas and xanthelasma depending on the level of plasma cholesterol elevation, as well as laboratory abnormalities
of alkaline phosphatase, gamma glutamyl transpeptidase (GGT) activity, and histological changes ascertained from
examination of liver biopsy and/or autopsy material.

According to her descriptions, in a significant portion of patients (20 patients, 48%) skin itching appeared long before
the appearance of jaundice (from several months to 11 years), but in 14 patients (33%) itching appeared against the
background of pronounced jaundice. Xanthomas on the extensor surfaces of elbows, wrists, buttocks, knees, and ankles
were observed in 20 patients (48%), all with high serum cholesterol. Six cases of patients had flat xanthelasma on the
eyelids. In several cases hepatomegaly was diagnosed in the absence of any specific complaints (this may have been the
first description of an asymptomatic course of the disease). In no case was fever or abdominal pain syndrome observed.
The diagnosis was usually verified after surgical intervention (37 patients, 88%!!!) or by liver biopsy. The latter was
performed in few patients, as it was still a very rare procedure in the early 1950s, but one that Sherlock successfully
mastered.

An examination of biopsy and autopsy material revealed that the majority of patients did not exhibit the conventional
pattern of cirrhosis and disruption of the liver lobule architecture[35]. It was emphasized that in the early stages of PBC,
nodular regeneration is inconspicuous. Fibrosis development is only noted in the later stages, at which point it becomes
evident that the zonal architecture is distorted, creating a “...mixed picture of portal and biliary cirrhosis”. The absence
for many years of clinical and morphological signs of cirrhosis led Sherlock to propose the term “chronic intrahepatic
obstructive jaundice” for this disease[35]. However, the term proposed by Sherlock[35] was not widely supported and
accepted. Meanwhile, Ahrens’ term, PBC, continued to be used until 2015.

During the mid-1960s, clinical immunology and immunological techniques underwent rapid development, which
proved to be a significant moment for the diagnosis of the earliest and most asymptomatic stages of the disease.

IMMUNOLOGICAL METHODS IN THE STUDY OF PBC

Development of immunology and its significance in the study and diagnosis of PBC

By the mid-1960s, most of the clinical, biochemical, and histopathological features of PBC had been established. Concur-
rently, the field of immunology was undergoing rapid development with the discovery of immunoglobulin classes and
subtypes and the introduction of new immunological methods. During the same time, the hypothesis that PBC may have
an immunological basis was put forward[3].

Using immunological methods Paronetto et al[51] found and described antibodies directed against protein components
of the bile ducts. These antibodies were found in cases of viral hepatitis (67%), secondary biliary cirrhosis (43%), extra-
hepatic biliary obstruction (32%), and alcoholic cirrhosis (22%)[52].

Concurrently, Deborah Doniach, a prominent immunologist in Britain, approached the equally distinguished Sherlock
with a proposal to conduct immunological testing on patients diagnosed with PBC.

Deborah Doniach (1912-2004) was a world-renowned scientist, a British clinical immunologist, and a pioneer in the field of
autoimmune diseases. She finished the Royal Free Medical School and started working in an organized department of immunology.
Doniach was a pioneer in the establishment of new paradigms in immunology. She had extremely fruitful collaborations with many
talented scientists and clinicians, including Sherlock and Geoffrey Walker. This collaboration has been extremely fruitful and has
identified the presence of antimitochondrial antibodies (AMA) in patients with PBC as one of the pathognomonic features. Doniach
soon became an Honorary Consultant Immunopathologist and Professor of Clinical Immunology.

Doniach’s proposal was motivated by the observation that some patients with this disease manifest Hashimoto’s
thyroiditis, characterized by the presence of circulating anti-thyroglobulin antibodies[3]. In experimental models of
thyroiditis, rabbits have been observed to exhibit lymphocytic infiltration, which is analogous to that observed in liver
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biopsy specimens from patients with PBC[53]. Sherlock agreed and delegated the execution of immunological studies in
PBC to Geoffrey Walker, a trainee under her supervision who demonstrated a keen interest in the emerging field of
immunology[3].

The study used an immunofluorescence test with sera from 32 patients with PBC and showed non-specific cytoplasmic
fluorescence in unfixed sections of thyroid, stomach, kidney, and peripheral blood lymphocytes[52]. Concurrently, the
sera of 33 patients in the control group who had biliary obstruction or suffered from other types of cholestasis exhibited
negative results in the immunofluorescence test[52]. The study revealed that the antibodies detected in the serum of
patients with PBC exhibited neither species nor organ specificity.

Subsequent studies demonstrated that the autoantibodies detected were directed against subcellular organelles or
soluble cellular proteins, which were present not only in the liver but also in numerous other organs[54]. Later immuno-
logical studies demonstrated that the antigen that reacted with sera from patients diagnosed with PBC was predom-
inantly located within the mitochondrial fraction of tissue homogenates obtained by differential centrifugation[55].
Furthermore, the research conducted by Berg et al[55] demonstrated that the antigen was situated on the inner membrane
of mitochondria. The findings obtained by Walker, Doniach, and Sherlock constituted a seminal discovery[52,55,56]. This
study identified the presence of AMAs in patients with PBC as one of the pathognomonic features.

The subsequent 25 years of research concentrated on the identification of the antigen to which mitochondrial
antibodies are formed. It had been hypothesized that the antigen was associated with mitochondrial ATPase[57].
However, subsequent research revealed that pure ATPase fractions prepared by alternative methods exhibited no
reactivity with the sera of patients diagnosed with PBC[58,59]. The employment of immunological methodologies has
enabled the identification of nine distinct types of antibodies, each directed towards varying antigenic structures of
mitochondria (M1-M9)[60]. It has been identified that M2 antigenic components are specific for the sera of patients with
PBC[61]. In addition to M2, other mitochondrial antigens and antibodies to them have been shown to have diagnostic and
prognostic significance for PBC[62]. Detection of anti-M9 is associated with the early stages of the disease[63]. Mitochon-
drial anti-M4 and anti-M8 are detected exclusively in M2 positive patients[62]. Their appearance in the serum of patients
with PBC is associated with a marked progression of the disease[64].

The development and application of molecular genetic techniques has allowed the identification of M2 antigen as the
E2 subunit of the pyruvate dehydrogenase (PDH) complex[63]. The antigen that reacts with the serum of patients with
PBC has been characterized as a lipoprotein localized on the inner mitochondrial membrane[65]. This was later confirmed
by electron microscopic studies by Bianchi et al[66]. The specificity of antibodies to this antigen for the diagnosis of PBC
was striking[58].

The significance of the discovery of AMAs for the diagnosis of PBC

Walker et al[52] demonstrated that the diagnostic value of other tests in differentiating between PBC and biliary
obstruction was extremely limited[56]. The presence of AMA was detectable by indirect immunofluorescence and has
been observed in most of the patients diagnosed with PBC[67]. It was therefore recommended that mitochondrial
antibody tests be used as an alternative to surgery for the purpose of confirming a diagnosis of PBC[50,68].

In addition to AMA antinuclear antibodies were detected in a proportion of patients with PBC[69]. The presence of
AMA and antinuclear antibodies was the reason to consider PBC as a prototype of autoimmune disease and to describe it
as a paradigmatic model of autoimmune disease[70] that some authors are currently questioning.

The presence of a significant AMA titer (> 1:40) has been demonstrated to provide strong evidence for the diagnosis of
PBC, even in the absence of symptoms and with normal serum alkaline phosphatase levels[71]. Typical, early histological
signs of PBC can be detected by examining liver biopsy specimens from individuals whose sole manifestation of the
disease is a positive serum AMA test[71]. The true prevalence of asymptomatic and subclinical cases of the disease
became evident following the determination of AMAs and the wider availability of routine screening of liver biochemical
tests[72].

The identification of features pertaining to the manifestation of initial signs and the progression of the disease formed
the foundation for the establishment of clinical classifications of stages and variants in the course of PBC.

Classification of clinical stages and variants in the course of PBC

In 1984, Proka, a graduate student of academician Loginov, distinguished the following variants of the initial manifest-
ations of PBC in his PhD thesis, based on the initial manifestations of the disease[73]: (1) The disease commences with
symptoms of cholestasis but without jaundice (the most prevalent form of the onset of PBC); (2) The onset of the disease
was characterized by nonspecific symptoms and manifestations (cholecystic and dyspeptic, hematological, articular-
muscular, and other manifestations); and (3) The disease begins with a combination of skin itching and jaundice (the
picture of advanced cholestasis).

The classification proposed by Sasaki et al[74] in 1985 most completely, concisely, and accurately reflected the stages of
the clinical course of the disease in the majority of patients suffering from PBC: (1) Asymptomatic stage; (2) Pruritus
stage; (3) Jaundice stage; and (4) Terminal stage.

A more detailed description of the stages of the course of PBC was presented in the classification of Poupon[75],
published in 1991: (1) Preclinical, asymptomatic stage (characterized by the appearance of AMA in the blood, moderate
increases in GGT, alkaline phosphatase, and 5 -nucleotidase activity); (2) Clinical stage of the disease (usually lasting from
5 to 19 years and characterized by the manifestation of all clinical signs of PBC); and (3) Terminal stage of the disease with
the development of fibrosis, cirrhosis, and their complications (portal hypertension, ascites, esophageal-gastric bleeding).
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Treatment

The enhanced diagnostic capacity for PBC, coupled with the presumed autoimmune nature of the condition, has given
rise to the use of corticosteroids[76] and immunosuppressants[77-79]. According to a number of authors, the use of
corticosteroids was led to a decrease in weakness, intensity of skin itching, a slight decrease of plasma alkaline phospha-
tase activity[76,80], and even accompanied by some positive alteration in the histological picture of the liver[77]. How-
ever, as experience with corticosteroids in treating patients with PBC was accumulated, it became apparent that there was
no unequivocal positive therapeutic effect as seen in other autoimmune diseases. According to Mann[4] since he first
initiated the use of corticosteroids to treat patients with PBC in 1960, he has had the impression that their use may have a
favorable effect on the course of the disease. However, he still tends to consider that corticosteroids are of limited or
negligible therapeutic effect.

The first encouraging results of immunosuppressants[77] such as azathioprine[81], cyclosporine[82], and other drugs
including colchicine[83,84], methotrexate[85,86], and chlorambucil[87] were not confirmed in randomized controlled
trials. The lack of a therapeutic effect and the emergence of serious side effects have led to the abandonment of further
use of these medications for the treatment of PBC.

Copper metabolism disorder and associated cutaneous hyperpigmentation in PBC[88,89] prompted the use of D-
penicillamine in these patients[90]. However, the use of D-penicillamine in randomized controlled trials has not
confirmed positive results with its use[90]. This is due to the fact that copper in PBC accumulates in the organs and
tissues of the body in a non-toxic, ceruloplasmin-bound form, and the use of the drug is associated with a number of
adverse side effects[89,90].

Cutaneous pruritus is one of the early clinical signs of PBC that requires treatment but is often difficult to manage. The
use of opioid receptor antagonists (e.g., naloxone, naltrexone, etc.)[91], ion-exchange resins (e.g., cholestyramine, cholesti-
pol, etc.), phenobarbital, and rifampicin[92,93] helps to reduce the intensity of skin itching observed in this disease.
Rifampicin has been recommended as an alternative second-line drug for the treatment of cutaneous pruritus associated
with chronic cholestasis. But given its hepatotoxicity, it should not be used long-term and in patients with stages 3 and 4
PBC. The data available in the literature on the use of these drugs suggest that they are all useful for short-term relief of
pruritus, although the mechanism of this effect remains unknown[93]. Recently, it has been thought that endogenous
opioids may modulate signaling pathways involved in hepatic pruritus; however, they are unlikely to be major pruri-
togenic factors in liver disease[94].

Ursodeoxycholic acid as a first-line drug in the treatment of PBC

In 1987 the German hepatologists Leuschner and Kurtz[95] reported a positive effect of ursodeoxycholic acid (UDCA) in
patients with PBC. The drug has been studied in many randomized, placebo-controlled trials in patients with stages I-IV
of PBC, with both positive and equivocal results[96-101]. Clinical studies have shown that oral administration of UDCA
at a dose of 13-15 mg/kg/day is well tolerated by patients and has a positive therapeutic effect in cholestatic liver
diseases[102]. Scientific publications have noted that UDCA improves biochemical markers of cholestasis (alkaline
phosphatase, GGT) in most patients, slows disease progression, delays liver transplantation and death in most patients,
and improves survival rates[103,104].

Subsequent studies have demonstrated a direct correlation between the efficacy of UDCA use and the stage of the
disease, with the therapeutic response being more pronounced in cases where treatment is initiated at an earlier stage
(stage I-II). The administration of UDCA in PBC has been shown to slow down the progression of histological manifest-
ations and prolong patient survival without the necessity for liver transplantation. Consequently, this medication is
currently recommended as a first-line therapeutic option for all patients with PBC[102,105,106]. The precise mechanism
through which UDCA renders a positive effect remains to be fully elucidated. Nevertheless, it is evident that this effect is
dependent on its physicochemical properties, in addition to its metabolic processes and enterohepatic circulation[107,
108].

For 35 years UDCA has been a unique agent of choice for the treatment of patients with PBC. In recent years, there has
been an expansion in the list of hydrophilic bile acids that are used to treat cholestatic liver disease, including PBC. In
addition to UDCA, the potential use of obeticholic acid, tauroursodeoxycholic acid, and norursodeoxycholic acid as
pharmaceutical agents has also been considered[107,108].

Advancements in the domain of liver transplantation techniques have been instrumental in extending the lifespan of
patients afflicted with terminal PBC[109,110]. Despite the emergence of drug therapy, liver transplantation continues to
be a prominent treatment option for patients with advanced disease. Liver transplantation has been demonstrated to be a
highly efficacious therapeutic modality for individuals afflicted with end-stage PBC[109,110].

NOMENCLATURE CHANGE FROM CIRRHOSIS TO CHOLANGITIS

The presence of asymptomatic preclinical stage, in conjunction with the protracted absence of any physical indications of
the disease, served to substantiate the inaccuracy and ineligibility of the nomenclature PBC, a conclusion that had
previously been emphasized by Sherlock[35,111]. Therefore, the 2™ monothematic conference of the European
Association for the Study of the Liver dedicated to PBC was held on May 23-24, 2014 in Milan, Italy. At the conference, it
was proposed to change the nomenclature from “primary biliary cirrhosis” to “primary biliary cholangitis”. Two impor-
tant arguments were put forward in favor of this proposal.
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The term “primary biliary cholangitis” is more accurate in reflecting the processes occurring during the development
of the disease, which includes damage to biliary epithelial cells of small intrahepatic bile ducts, with the subsequent
development of ductulopenia, intrahepatic cholestasis and slowly progressive fibrosis. The disease is characterized by
elevated alkaline phosphatase activity, the presence of AMAs, and the manifestation of a specific histological picture in a
liver biopsy. In the asymptomatic and clinical stages, according to morphological and clinical criteria, patients do not
have signs of cirrhosis. The development of cirrhosis is considered to be a late terminal stage of the disease, and therefore
the term primary biliary cholangitis is more correct.

The term PBC is also more acceptable to patients. The word “cirrhosis” is perceived by the majority of patients as a
fatal, terminal illness with death sentence. From a psychological standpoint, the diagnosis of primary biliary cirrhosis
instills a sense of dread in patients, as it is often perceived to portend a poor prognosis, which can exacerbate its course
and the weighting of the condition, particularly in its early stages. At present, the course of the disease usually has a
slowly progressive course, accompanied by a gradual deterioration in patient quality of life. At the same time, treatment
requires lifelong medication. However, with scientific progress in recognizing new mechanisms of the disease and the
efforts of scientists to develop new drugs, there is hope that patients can live with the disease rather than die from it.

Following a period of deliberation, the conference participants indicated their support for the proposal of the Board of
the European Association for the Study of the Liver to effect a change in the nomenclature from primary biliary cirrhosis
to primary biliary cholangitis. The decision under discussion was supported and endorsed by a number of professional
associations and organizations during the period 2014-2015. These included the American Association for the Study of
Liver Disease, the American Gastroenterological Association, the United European Gastroenterology Governing Board
and the Asian Pacific Association for the Study of the Liver. The decision of all public organizations was submitted to the
World Health Organization, which also expressed support for the decision to change the nomenclature of primary biliary
cirrhosis to primary biliary cholangitis without changing the abbreviation of the disease. The World Health Organization
further recommended adjustments to the relevant code of the International Classification of Diseases 10" (K.74.3) and 11*"
(DB37.2) revisions. Since 2015 the disease has been recognized by the global medical community as primary biliary
cholangitis.

ADVENT OF NOVEL DATA AND THE EVOLUTION OF CONTEMPORARY REPRESENTATIONS
PERTAINING TO PBC

Despite the fact that the etiology of PBC has not yet been identified, a significant volume of scientific data has been
accumulated to date, allowing the formation of hypotheses regarding the mechanisms that trigger the processes of
damage to small biliary epithelial cells (cholangiocytes), the formation of AMA, and the development of the first clinical
signs of the disease.

Because PBC affects predominantly females, a genetic study has been conducted that is dedicated to the contribution of
the X chromosome to the genetics of PBC. In 2021 the first report on this topic was published[112]. A number of genes
have been identified that the authors express as possibly contributing, each with modest effects, to the development of
this disease[112].

Data obtained using molecular genetic techniques have demonstrated that X-linked epigenetic alterations are induced
in females with PBC for unknown reasons, leading to increased expression of microRNA 506 in cholangiocytes[113]. The
latter regulates the functioning of transmembrane proteins responsible for the flow of bicarbonate from the cholangiocyte
into the lumen of the bile duct. The suppression of the expression of type 3 receptor to inositol triphosphate and chlorine/
bicarbonate anion exchanger 2 (AE2) was observed in liver biopsy specimens and blood mononuclear cells of patients
with PBC. The resulting suppression of type 3 receptor to inositol triphosphate and AE2 activity leads to insufficient
bicarbonate entry into the bile duct lumen[113-115]. An insufficient supply of bicarbonate into bile ducts in PBC results in
a shift of the pH of intraductal (hepatic) bile to the slightly acidic region and an increase of pH inside cholangiocytes to
the slightly alkaline region.

The discovery and analysis of these data allowed the development of the concept of the pathogenesis of damage to
small biliary epithelial cells, with subsequent development of the initial clinical and laboratory signs of PBC[89,116,117].
The presented concept was a pioneering advancement in the field, as it facilitated the understanding of the underlying
mechanisms that underpin the emergence of the initial indications of PBC in the asymptomatic stage of the disease. In
addition, it allows a response to the following research questions: (1) Why are only cholangiocytes that line small and
medium-sized bile ducts susceptible to damage in PBC?[115,118-120]; (2) How does the E2 antigen of the PDH complex,
located on the inner mitochondrial membrane, undergo immunomodification and become accessible to immune cells,
thus facilitating the subsequent antibody formation?[117]; (3) Why are antibodies selective formed only to the E2 subunit,
while the E1 and E3 subunits of PDH immunotolerance is remain?[117]; and (4) What is the mechanism of AMA
formation?[117].

This concept provides a clear indication that not AMA but the accumulation of bile acids within small cholangiocytes
in the PBC is the primary damaging factor. Accumulation of bile acids in small biliary epithelial cells and their incomplete
apoptosis redirected to necrosis can lead to damage of membrane structures and their death, with subsequent deve-
lopment of ductulopenia and cholestasis[116,121]. As cholestasis intensifies, hepatocytes are involved in the pathological
process, which is accompanied by the gradual development of fibrosis and cirrhosis.

The treatment of PBC remains challenging as the cause of this chronic, slowly progressive cholestatic liver disease has
not been identified. The advent of novel scientific data has the potential to inform future new drug development, with the
objective of local suppression of microRNA 506 activity or activation of the AE2 anion exchanger in cholangiocytes. This
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Figure 1 The significance of methods in the discovery and study of primary biliary cholangitis.

is likely to be one of the new therapeutic trends in the treatment of PBC in addition to or to replace the existing bile acid
drugs.

CONCLUSION

PBC is a chronic cholestatic liver disease belonging to cholangiopathies. Almost 175 years ago, the initial descriptions of
the individual signs of the disease were made using solely clinical methods, such as interviews and examinations, and the
results of pathological anatomical autopsies (Figure 1).

The advent of novel scientific research methods has facilitated a more profound comprehension of the progression of
the disease and the subsequent body changes, thereby paving the way for the potential enhancement of diagnostic
methods. The historical stages of disclosure and description of various signs, mechanisms of their development, outlined
in this review, demonstrate the importance and contribution of laboratory (chemical, biochemical, morphological,
immunological, molecular-genetic, and others) and instrumental (percutaneous puncture liver biopsy) methods in the
study of PBC. The advent of immunology and the development of immunological research methodologies have had a
significant impact on the diagnosis of this disease. The identification of antimitochondrial autoantibodies, in conjunction
with elevated activity of alkaline phosphatase and GGT, facilitates the diagnosis of PBC in the asymptomatic stage of the
disease.

In spite of the fact that the etiology of this disease is not known, disclosure of pathogenetic mechanisms involved in
PBC progression promoted development of modern ways of treatment of this disease, including use of bile acid prepar-
ations (UDCA, tauroursodeoxycholic acid, obeticholic acid, norusodeoxycholic acid). In the near future, research efforts
directed towards elucidating the etiology and pathogenesis of the disease are expected to result in the development of
novel pharmacotherapeutic agents capable of halting its progression and preventing its occurrence.
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Abstract

Anastomotic stricture (AS) remains a significant complication following rectal
anastomosis, with an incidence ranging from 5% to 30% depending on surgical
technique, patient factors, and postoperative management. This review aims to
elucidate the pathophysiology of AS, exploring the underlying mechanisms that
contribute to its development, including ischemia, inflammation, fibrosis, and
impaired healing. Key risk factors such as low anterior resection, preoperative
radiotherapy, and anastomotic leakage are critically analyzed based on recent
clinical and experimental evidence. The article synthesizes current insights into
the molecular and cellular processes, such as excessive collagen deposition and
myofibroblast activation, that drive stricture formation. Furthermore, preventive
strategies, including optimized surgical techniques (e.g., tension-free anastomo-
sis), enhanced perioperative care, and emerging therapeutic interventions (e.g.,
anti-fibrotic agents), are discussed with an emphasis on translating research into
clinical practice. By integrating findings from preclinical studies, clinical trials,
and meta-analyses, this review highlights gaps in current knowledge and pro-
poses future directions for research, such as the role of personalized medicine and
novel biomaterials in reducing AS incidence. This comprehensive analysis under-
scores the need for a multidisciplinary approach to mitigate this challenging post-
operative complication.

Key Words: Anastomotic stricture; Rectal cancer; Fibrosis; Inflammation; Anastomotic
leakage; Radiotherapy; Ischemia; Surgical technique

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

June 22,2025 | Volume16 | Issue2 |


https://www.f6publishing.com
https://www.wjgnet.com/2150-5330
https://dx.doi.org/10.4291/wjgp.v16.i2.107492
mailto:mesuttez@yahoo.com

Yavuz A et al. Pathophysiology of AS following rectal anastomosis

Core Tip: Anastomotic stricture following rectal anastomosis is a multifactorial complication driven by fibrosis, inflam-
mation, anastomotic leakage, radiotherapy, and ischemia. This review highlights the pathophysiological mechanisms,
including excessive collagen deposition and transforming growth factor-beta activation, and identifies key risk factors such
as neoadjuvant radiotherapy and surgical technique. Preventive strategies, such as preserving blood supply and using
standardized stapling techniques, are emphasized to improve patient outcomes and reduce stricture incidence.
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INTRODUCTION

Anastomotic stricture (AS), or stenosis, is a significant complication following low anterior resection (LAR) for rectal
cancer, with a reported incidence of 3%-20%]1,2]. This condition is characterized by luminal narrowing at the anastomotic
site, leading to clinical symptoms such as bowel obstruction, pain, bloating, and impaired quality of life[3]. The deve-
lopment of AS is multifactorial, involving a complex interplay of fibrosis, inflammation, anastomotic leakage, radio-
therapy, ischemia, and surgical techniques[1,2]. Understanding the pathophysiology of this complication is crucial for
developing effective preventive strategies and improving patient outcomes. This Minireview explores the mechanisms
underlying AS, identifies key risk factors, and discusses preventive approaches.

PATHOPHYSIOLOGICAL MECHANISMS

Fibrosis and scar formation

Fibrosis is the cornerstone of AS pathogenesis, driven by an imbalance between extracellular matrix (ECM) deposition
and degradation. Following rectal anastomosis, the healing process involves the activation of fibroblasts, which differ-
entiate into myofibroblasts under the influence of transforming growth factor-beta (TGF-B), a key fibrogenic cytokine[4].
TGEF-B activates the Smad signaling pathway, upregulating the expression of collagen types I and III and other ECM
components, such as fibronectin and laminin[4]. This leads to excessive ECM deposition, which, if uncontrolled, forms a
dense, collagen-rich scar tissue that narrows the lumen[5,6]. The imbalance between matrix metalloproteinases and their
inhibitors (tissue inhibitors of metalloproteinases) further exacerbates this process by impairing ECM turnover, resulting
in a fibrotic, rigid anastomotic segment[7]. Studies have shown that in patients with a history of neoadjuvant therapy, the
anastomotic site exhibits increased expression of collagen and reduced elastic fibers, leading to a loss of bowel wall
compliance and subsequent stricture formation[8]. Additionally, the activation of the platelet-derived growth factor
(PDGF) pathway contributes to fibroblast proliferation and migration, further amplifying the fibrotic response[9]. The
chronicity of this fibrotic process is often perpetuated by hypoxia and oxidative stress at the anastomotic site, which
sustain TGF-f signaling and collagen deposition[10]. Fibrosis, therefore, is the primary pathophysiological driver of AS,
with its severity directly correlating with the degree of luminal narrowing[5].

Role of inflammation

Inflammation is a critical mediator in the pathogenesis of AS, acting as both a necessary component of healing and a
driver of pathological fibrosis when dysregulated. The early postoperative inflammatory response involves the infilt-
ration of neutrophils and macrophages, which release pro-inflammatory cytokines such as interleukin-1 (IL-1),
interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-a)[4]. These cytokines stimulate fibroblast proliferation and
collagen synthesis, initiating tissue repair[4]. However, chronic or excessive inflammation — often triggered by infection,
anastomotic leakage, or radiation injury —leads to a sustained activation of myofibroblasts and overproduction of ECM
components[7]. This chronic inflammatory state is characterized by the infiltration of lymphocytes and plasma cells,
which perpetuate the release of fibrogenic mediators like TGF-p and connective tissue growth factor (CTGF)[11].
Histopathological analyses of ASs often reveal dense inflammatory infiltrates that drive fibrotic foci, with increased
expression of nuclear factor-kappa B (NF-kB), a transcription factor that amplifies the inflammatory response[12].
Moreover, the presence of oxidative stress, marked by elevated levels of reactive oxygen species (ROS), further
exacerbates inflammation by activating redox-sensitive pathways such as the mitogen-activated protein kinase (MAPK)
pathway, which promotes fibroblast activation and collagen deposition[13]. Factors that prolong inflammation, such as
radiation-induced tissue damage or localized infection, accelerate the injury-inflammation-fibrosis cycle, significantly
contributing to stricture formation[7].

Anastomotic leakage
Anastomotic leakage is a pivotal risk factor for stricture development, acting as a trigger for both inflammation and
fibrosis. Leakage occurs when the anastomotic suture line fails, allowing bowel contents to escape into the surrounding
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tissues, leading to localized infection, abscess formation, and a robust inflammatory response[2]. This inflammatory
cascade involves the release of IL-1, IL-6, and TNF-a, which recruit immune cells and activate fibroblasts, promoting
granulation tissue formation and excessive fibrosis[4]. The resulting fibrotic response creates a dense scar ring that
narrows the lumen[2]. Studies have shown that anastomotic leakage significantly increases the risk of stricture, with one
analysis reporting a 3.7-fold increased risk in patients with leakage[2]. The inflammatory environment created by leakage
also upregulates TGF-B and CTGF, perpetuating the fibrotic process[11]. Furthermore, leakage-induced hypoxia at the
anastomotic site activates hypoxia-inducible factor-la (HIF-1a), which enhances the expression of vascular endothelial
growth factor (VEGF) and other pro-fibrotic factors, further contributing to scar formation[14]. A post-hoc analysis of a
randomized trial confirmed that clinical anastomotic leakage independently contributes to stricture development[15].
Thus, anastomotic leakage plays a dual role in stricture pathogenesis: It initiates inflammation and promotes scar
formation, both of which contribute to luminal narrowing,.

Impact of radiotherapy

Neoadjuvant radiotherapy, commonly used in rectal cancer treatment, significantly contributes to AS by inducing both
acute and chronic tissue damage. Radiation causes microvascular injury, including endarteritis obliterans, which impairs
blood flow to the anastomotic site and leads to tissue hypoxia[8]. This hypoxic environment triggers the release of ROS
and pro-inflammatory cytokines, resulting in mucosal edema, ulceration, and chronic inflammation[8]. Over time, these
subacute changes progress to fibrosis as fibroblasts are activated in response to tissue injury[8]. Radiation also
upregulates TGF-p and PDGF, which promote collagen deposition and ECM remodeling[9]. Additionally, radiation-
induced DNA damage in endothelial cells and fibroblasts leads to the activation of the p53 pathway, which further
enhances fibrogenesis by upregulating pro-fibrotic genes[16]. Clinical studies have shown that preoperative radiotherapy
increases the risk of AS, with a meta-analysis reporting a 2.3-fold higher likelihood in irradiated patients compared to
non-irradiated patients[2]. Multivariate analyses indicate that radiotherapy contributes to stricture risk both directly,
through its fibrogenic effects, and indirectly, by increasing the incidence of anastomotic leakage[15]. The chronic nature of
radiation-induced damage, often manifesting months after treatment, underscores its role as a significant contributor to
stricture pathophysiology.

Ischemic factors

Adequate blood supply is essential for anastomotic healing, and ischemia is a key contributor to stricture formation.
Insufficient perfusion at the anastomotic site, often resulting from high ligation of the inferior mesenteric artery or
excessive tension due to inadequate mobilization of the colon, leads to tissue hypoxia and necrosis[17]. Hypoxia activates
HIF-10, which upregulates pro-inflammatory and pro-fibrotic pathways, including the TGF-B/Smad signaling cascade
and VEGF expression[14]. This results in impaired healing, with the anastomotic site undergoing a thin, fibrotic repair
process that is prone to contraction[6]. Subclinical leaks may also develop in ischemic conditions, further promoting
inflammation and fibrosis[6]. The ischemic environment also induces oxidative stress, with elevated ROS levels activating
the MAPK and NF-«B pathways, which enhance fibroblast activation and collagen deposition[13]. A case series demon-
strated that early subclinical ischemia following LAR can lead to long-segment fibrotic strictures months later[6]. Ische-
mia alone can initiate a cascade of inflammation and secondary fibrosis, significantly contributing to stricture formation
[7]. The preservation of blood supply, such as maintaining the left colic artery when feasible, is therefore critical to pre-
venting ischemic complications and subsequent stricture development[17].

Risk factors and surgical techniques

Several surgical and patient-related factors influence the risk of AS. The level of anastomosis is a critical determinant:
Very low (rectoanal or intersphincteric) anastomoses are more prone to stricture than more proximal ones due to the
narrower distal segment, limited vascularity, and frequent use of hand-sewn techniques[2]. Double-stapling techniques
using mechanical staplers provide a standardized suture line and better luminal calibration, reducing stricture risk
compared to hand-sewn anastomoses[2]. However, the impact of stapler diameter remains debated; a recent retrospective
study found no significant difference in stricture incidence between 29 mm and 31 mm staplers[18]. Surgeon experience,
technical errors (e.g., incomplete stapler closure or mucosal folds), and the presence of a diverting stoma also influence
stricture risk. A meta-analysis reported a threefold increased risk of stricture in patients with a diverting stoma, likely due
to the lack of luminal passage and the higher baseline risk in these patients[2]. Systemic factors such as male gender,
advanced age, obesity, smoking, diabetes, and high body mass index further exacerbate stricture risk by impairing
wound healing[2] (Table 1).

PREVENTIVE STRATEGIES

Preventing AS requires a multifaceted approach targeting the underlying mechanisms and risk factors. Optimizing
surgical techniques is paramount: Ensuring adequate blood supply by preserving the left colic artery when possible and
avoiding excessive tension at the anastomotic site can reduce ischemic complications[17]. The use of double-stapling
techniques with appropriately sized staplers can minimize technical errors and ensure a uniform anastomosis[2].
Minimizing the use of neoadjuvant radiotherapy, or tailoring its application to high-risk cases, may reduce radiation-
induced fibrosis and leakage[15]. Early detection and management of anastomotic leakage through vigilant postoperative
monitoring can mitigate the inflammatory and fibrotic cascades[2]. Additionally, addressing patient-related risk factors —
such as smoking cessation, glycemic control in diabetics, and weight management— can improve wound healing and
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Table 1 Key pathophysiological mechanisms, risk factors, and preventive strategies for anastomotic stricture following rectal

anastomosis

Category Details

Pathophysiological mechanisms

Fibrosis[4,5,7,9,11] Excessive collagen deposition (types I and III) driven by TGF-B/Smad signaling, myofibroblast
activation, and imbalance of MMPs/TIMPs. Leads to dense scar tissue and luminal narrowing

Inflammation[4,7,12,13] Dysregulated inflammatory response with IL-1, IL-6, TNF-a, and NF-«B activation. Chronic inflam-
mation promotes fibroblast proliferation and ECM overproduction

Anastomotic leakage[2,4,11,14,15] Leakage triggers robust inflammation (IL-1, IL-6, TNF-a) and fibrosis via TGF-B/ CTGF. Hypoxia
activates HIF-1o, enhancing pro-fibrotic pathways

Radiotherapy][2,8,9,15,16] Radiation-induced microvascular injury (endarteritis obliterans) causes hypoxia, ROS production,
and TGF-B/PDGF upregulation, leading to chronic fibrosis

Ischemia[6,7,13,14,17] Poor blood supply (e.g., due to high ligation of inferior mesenteric artery) causes hypoxia, activating
HIF-1a and MAPK/NF-«B pathways, resulting in fibrotic repair

Risk factors

Surgical factors[2,18] Low anastomosis level (rectoanal/intersphincteric), hand-sewn vs double-stapling techniques,
diverting stoma, technical errors (e.g., incomplete stapler closure)

Patient-related factors|[2] Male gender, advanced age, obesity, smoking, diabetes, high BMI impair wound healing and

increase stricture risk

Preventive strategies

Surgical techniques[2,17,18] Preserve left colic artery, ensure tension-free anastomosis, use double-stapling techniques with
appropriate stapler size to minimize ischemia and technical errors

Perioperative care[2] Early detection of leakage, smoking cessation, glycemic control, weight management to optimize
wound healing

Emerging therapies[5] Anti-fibrotic agents (e.g., TGF-B inhibitors), novel biomaterials to modulate fibrotic response and
enhance healing

TGF-B: Transforming growth factor-beta; MMPs: Matrix metalloproteinases; TIMPs: Tissue inhibitors of metalloproteinases; IL-1: Interleukin-1; IL-6:
Interleukin-6; TNF-a: Tumor necrosis factor-alpha; NF-«kB: Nuclear factor-kappa B; CTGF: Connective tissue growth factor; HIF-1a: Hypoxia-inducible
factor-1a; PDGF: Platelet-derived growth factor; ROS: Reactive oxygen species; ECM: Extracellular matrix; BMI: Body mass index.

reduce stricture risk[2]. Future research should explore novel therapeutic strategies, such as anti-fibrotic agents, to
modulate the fibrotic response in anastomotic healing[5].

CONCLUSION

AS following rectal anastomosis is a complex, multifactorial complication driven by fibrosis, inflammation, anastomotic
leakage, radiotherapy, and ischemia. Excessive collagen deposition, mediated by TGF-B, PDGF, and chronic inflam-
mation, forms the pathological basis of luminal narrowing. Risk factors such as neoadjuvant radiotherapy, low anasto-
motic level, and poor surgical technique further increase stricture incidence. Preventive strategies, including optimized
surgical techniques, preservation of blood supply, and careful use of radiotherapy, are essential to reducing stricture risk
and improving patient outcomes. Future research should focus on novel therapeutic approaches to modulate fibrotic and
inflammatory responses in anastomotic healing, as well as exploring personalized medicine and novel biomaterials to
further mitigate AS incidence.
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Abstract

Hepatobiliary fascioliasis is a neglected but re-emerging parasitic disease caused
by Fasciola hepatica. Humans become infected by consuming contaminated water
or aquatic plants, allowing the parasite to enter the digestive tract. From there,
immature flukes penetrate the intestinal wall and migrate through the liver,
triggering inflammation, fibrosis, and biliary complications. Over time, this can
lead to cholangitis, biliary obstruction, and long-term liver damage. Due to its
vague clinical symptoms and the limitations of current diagnostic methods,
fascioliasis could be easily missed. Stool analysis is still used to detect eggs in
diagnosis. However, this method is unreliable due to the inconsistency of the egg
shedding. Also, serological tests are often linked to false positives due to the
cross-reactions with other parasites. Imaging techniques such as ultrasound,
computed tomography, and magnetic resonance imaging can reveal its complic-
ations, especially in the biliary phase, yet this is not specific. Molecular tests like
polymerase chain reaction (PCR) have higher sensitivity and specificity and allow
earlier diagnosis, but they are still not widely available, especially in low-resource
settings. Triclabendazole is the only recommended medical treatment, yet it is not
widely available. In addition, the emerging reports of resistance represent a po-
tential threat in managing this infection. Other modalities could be needed in
addition to triclabendazole, such as endoscopic retrograde cholangiopancreato-
graphy in patients with biliary complications. All the previously mentioned
challenges necessitate the urgent need to make the newly developed diagnostic
methods, such as PCR, available, especially in areas where fascioliasis is endemic.
Additionally, new medical treatments and therapeutic options should be consi-
dered to provide a second line of management, particularly in light of emerging
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reports of resistance.

Key Words: Fascioliasis; Triclabendazole; Hepatobiliary; Parasitic infections; Flukes

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this review article, we discuss how hepatobiliary fascioliasis, a neglected parasitic disease caused by Fasciola
hepatica. Current diagnostic methods, such as stool analysis and serological tests, are unreliable and often linked to false
positives. Molecular tests like polymerase chain reaction are not widely available, and new treatments and therapeutic
options are needed.
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INTRODUCTION

Fascioliasis is a zoonotic parasitic infection caused by trematodes of the genus Fasciola, specifically Fasciola hepatica and
Fasciola gigantica[1]. These liver flukes, or liver “termites” as we suggest to call, primarily infest the hepatic and biliary
systems of various mammalian hosts, including humans and livestock, leading to significant pathological manifestations.
Fasciola hepatica has a global distribution colonizing the five continents, while Fasciola gigantica is predominantly found in
Africa and Asia. Transmission occurs via ingestion of water or aquatic vegetation contaminated with metacercariae, the
infective larval stage of the parasite[2].

Fascioliasis is prevalent in regions characterized by extensive livestock farming and the presence of freshwater
ecosystems that support the life cycle of the parasite. The disease is endemic in Latin America, Africa, Asia, and parts of
Europe, where human cases are frequently reported[3].

An estimated 17 million cases of fascioliasis have been reported worldwide[3,4]. A recent meta-analysis revealed that
the regions exhibiting the highest prevalence rates of fascioliasis are South America (9.0%) and Africa (4.8%)[5]. The
global prevalence of fascioliasis was estimated to be 4.5%][5].

Hepatobiliary fascioliasis presents substantial public health challenges due to its capacity to induce severe hepatic and
biliary complications[2]. Infected individuals may develop acute or chronic forms of the disease, with symptoms inclu-
ding hepatic inflammation, biliary duct obstruction, cholangitis, and secondary bacterial infections[2]. Chronic manifes-
tations can result in fibrosis, cirrhosis, and long-term hepatic[6,7].

Fascioliasis has been documented in medical and veterinary literature for centuries, with early descriptions detailing
liver fluke infestations in both humans and livestock. Historically, the disease was regarded primarily as a veterinary
concern; however, its significance as a human infection has gained prominence in recent decades due to advancements in
diagnostic methodologies and increased epidemiological surveillance[8]. The contemporary reemergence of fascioliasis
underscores the necessity for intensified research, improved public health interventions, and the development of effective
control strategies aimed at mitigating transmission and disease burden[2].

The reemergence of fascioliasis as a significant public health concern is attributed to factors such as climate change,
modifications in agricultural practices, expansion of irrigation systems, and dietary changes that facilitate human
exposure to infective stages[2]. An increase in the number of human infections has been documented in endemic regions,
particularly in nations such as Egypt, Peru, Iran, Bolivia and Ecuador where the consumption of raw aquatic plants is
customary[9,10].

In this review, we aim to delineate the etiology, epidemiology, pathophysiology, diagnostic and management
challenges of hepatobiliary fascioliasis, thereby informing effective public health strategies and guiding future research
amid its global reemergence. Lifecycle Fasciola have a quite complex life cycle (Figure 1). In humans, fascioliasis
commences with ingestion of metacercariae-contaminated vegetation, followed by excystation in the duodenum within
an hour after ingestion. The immature flukes, or “termites” as we named after them, characterizing the behavior similar
to termites, then penetrate the intestinal wall and appear in the abdominal cavity within two hours after ingestion,
migrate to the liver within a six-day journey, migrate through the hepatic parenchyma for around six weeks feeding on
hepatic parenchyma and eventually localize in the bile ducts, where they mature[2]. According to Valero et al[11], the
prepatent period, which is the time from ingestion of infective stage-to-seeing the diagnostic stage in feces, is around 3-4
months. We observed that the liver fluke's invasion of the biliary system is analogous to termites infiltrating a tree's inner
cavities. Just as termites create and occupy protective chambers within a tree-gradually compromising its structural
integrity-we observed that the fluke establishes a niche within the bile ducts, progressively impairing the host’s hepatic
function (Figure 2). This migratory phase underpins the acute inflammatory response, while the subsequent establish-
ment in the biliary system precipitates chronic complications. During their migration through the hepatic parenchyma,
the immature flukes mechanically disrupt tissue and provoke a localized inflammatory response. This invasive process
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Figure 1 Life cycle of Fasciola spp. Immature eggs are discharged in the biliary ducts and passed in the stool (1). Eggs become embryonated in freshwater
over appro-ximately 2 weeks (2); embryonated eggs release miracidia (3), which invade a suitable snail intermediate host (4). In the snail, the parasites undergo
several developmental stages (sporocysts 4a, rediae 4b, and cercariae 4c). The cercariae are released from the snail (5) and encyst as metacercariae on aquatic
vegetation or other substrates. Humans and other mammals become infected by ingesting metacercariae-contaminated vegetation (e.g., watercress) (6). After
ingestion, the metacercariae excyst in the duodenum (7) and penetrate through the intestinal wall into the peritoneal cavity. The immature flukes then migrate through
the liver parenchyma into biliary ducts, where they mature into adult flukes and produce eggs (8). In humans, maturation from metacercariae into adult flukes usually
takes about 3-4 months; development of F. gigantica may take somewhat longer than F. hepatica. Source: CDC-DPDx-Fascioliasis[12].

results in tissue damage characterized by focal necrosis, hemorrhage, and subsequent fibrosis. Upon reaching the biliary
system, the flukes mature and establish themselves within the bile ducts. Here, their presence incites chronic irritation,
promotes ductal obstruction, and induces ongoing inflammatory processes that compromise biliary integrity and hepatic
function[12]. Worth noting that adult flukes can survive in the hepatobiliary system for up to 10 years[13]. This represents
the basis for the chronic and relapse pictures seen in some patients[13]. Fascioliasis is characterized by a multi-phasic
clinical course that reflects the dynamic interplay between parasite migration, host tissue response, and chronic biliary
alterations. In the invasive (acute) phase, the initial migration of liver “termites” through the hepatic parenchyma and
peritoneum precipitates significant mechanical tissue destruction[14]. This destruction elicits a pronounced inflammatory
response, manifesting as systemic and localized symptoms[14]. Patients typically present with fever, right upper
quadrant or epigastric pain, and gastrointestinal disturbances including anorexia, nausea, flatulence, and diarrhea[14].
Additionally, respiratory symptoms such as cough, dyspnea, and even hemoptysis may occur, accompanied by allergic
phenomena such as urticaria[14]. Subsequently, during the latent phase, the parasites complete their maturation and
initiate oviposition, a period often marked by minimal or subclinical symptomatology[15]. This phase may persist for
months or even years, with many infections remaining undiagnosed until incidental findings emerge during family
screenings or routine investigations[15]. The transition to the chronic (biliary or obstructive) phase heralds more insidious
but severe clinical manifestations (Figure 3). As adult flukes establish themselves within the bile ducts, their presence
incites chronic inflammation, epithelial hyperplasia, and structural remodeling of the biliary system. The resultant
pathological changes include cholangitis, cholecystitis, and mechanical bile duct obstruction[7,16]. Clinically, this phase is
typified by recurrent biliary colic, epigastric pain, intolerance to fatty foods, and signs of obstructive jaundice such as
pruritus and right upper quadrant tenderness. Moreover, prolonged infection predisposes to gallstone formation, with
the potential for secondary bacterial infections, further compounding the clinical picture[7,16]. Laboratory investigations
frequently reveal eosinophilia in fascioliasis patients, particularly during the acute phase of infection. However, clinical
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Figure 2 The termite's analogy illustration. We suggest calling the liver flukes the liver “termites” emphasizing the inhabitation and damage to the biliary tract
and hepatic parenchyma.

manifestations during the chronic biliary phase may present without accompanying eosinophilia in some cases[17,18].
Collectively, these stages underscore the progressive and multifaceted nature of fascioliasis, where acute inflammatory
damage transitions into chronic biliary pathology, with significant implications for morbidity in affected populations.

Diagnostic challenges

Traditional diagnostic approaches for fascioliasis include serological assays and stool examinations. Serological tests, such
as enzyme-linked immunosorbent assays (ELISA), are commonly employed to detect antibodies against Fasciola spp. in
serum, intradermal, or stool samples, offering relatively high sensitivity, particularly during the early invasive phase
when eggs are not yet detectable in stool samples[19]. However, these assays may encounter specificity issues due to
potential cross-reactivity with antibodies against other helminths. Conversely, stool examinations involve the microscopic
identification of characteristic Fasciola eggs, serving as a direct method for diagnosing chronic infections[11]. Although
stool examination provides definitive evidence of infection, its diagnostic sensitivity is notably reduced during the acute
stage of the disease, and intermittent egg shedding can further complicate accurate detection. A variety of techniques,
ranging from simple direct smears to various concentration methods, can be employed. Egg concentration has been
successfully achieved using both flotation and sedimentation techniques. However, sedimentation techniques have
demonstrated greater accuracy and sensitivity compared to flotation methods[20]. The diagnostic utility of fasciolid egg
size is fraught with challenges. Traditionally, egg size thresholds-approximately 150 pm in length and 90 ym in width-
have been employed to differentiate Fasciola hepatica (smaller eggs) from Fasciola gigantica (larger eggs). However,
substantial variability in egg dimensions has been documented, influenced by geographical differences and the species of
the definitive host, as demonstrated by studies in livestock[21,22]. The presence of intermediate forms and genetic
hybrids further complicates matters, as these forms exhibit overlapping morphological characteristics that blur the
conventional size distinctions. Notably, in human infections, recent computer image analysis studies have revealed that F.
hepatica eggs tend to be larger while F. gigantica eggs are smaller than those observed in animals, resulting in overlapping
measurement ranges that render differential diagnosis unreliable[19,23]. Consequently, reliance on classic egg size para-
meters in human samples may lead to erroneous diagnostic conclusions, underscoring the need for revised measurement
standards in parasitological guides and clinical practice. In addition to detecting eggs through stool analyses, adults and
eggs may also be identified using other invasive techniques. These include obtaining duodenal fluid, duodenal and
biliary aspirates, as well as surgical procedures such as laparotomy, cholecystectomy, and sphincterotomy. Furthermore,
histological examination of liver or other organ biopsy samples can also reveal their presence. Serological detection of
Fasciola-specific antibodies demonstrates high diagnostic sensitivity, particularly during the acute phase when stool
microscopy remains negative. ELISA platforms exhibit > 95% sensitivity and specificity, with validated targets including
excretory-secretory (E/S) antigens, cathepsin proteases, and the immunodominant 27 kDa protein[24-26]. The United
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Figure 3 Flowchart of mechanisms of liver and bile duct involvement and how they lead to symptoms.

States Centers for Disease Control and Prevention provides serologic diagnosis of fascioliasis via an immunoblot assay
detecting IgG antibodies against the recombinant FhSAP2[27,28]. Serological tests, while sensitive, may produce false-
positive results in areas where multiple helminth infections are endemic, thereby limiting their specificity. Moreover, the
window period between infection and seroconversion can delay diagnosis. The current diagnostic practices for fascio-
liasis are constrained by several limitations (Table 1)[29-33]. In response to these limitations, emerging diagnostic
techniques are being developed to enhance early and accurate detection of fascioliasis. Molecular methods, particularly
polymerase chain reaction (PCR) assays, have shown promise in detecting minute quantities of parasite DNA in clinical
specimens, thus offering a more sensitive and specific alternative to traditional methods. PCR-based assays have been
developed not only to detect Fasciola DNA with high sensitivity during early infection but also to differentiate between
Fasciola hepatica and Fasciola gigantica. This differentiation is critical in endemic regions where both species-and even
their hybrid forms-coexist, yet conventional clinical, pathological, stool microscopy, and immunological methods fail to
distinguish them. Simple and rapid PCR-RFLP assays (using enzymes such as Ava II and Dra II) have been successfully
employed to discriminate between the two pure species by targeting a conserved 285 rRNA gene fragment[34]. However,
these assays, along with other PCR-based methods like duplex PCR and TagMan real-time PCR, are limited in detecting
hybrid forms due to the wide introgression capacity between the species[35]. As a result, DNA marker sequencing-
targeting markers such as ITS-1, ITS-2, cox1, and nadl-remains the definitive approach for both haplotyping pure species
and identifying hybridization events[35,36]. A novel isothermal PCR technique-recombinase polymerase amplification-
was developed for field application in resource-limited settings. This innovative assay achieved 88% sensitivity and 100%
specificity in detecting Fasciola spp. DNA in human stool samples[37]. Additionally, radiologic imaging modalities are
being explored to overcome the shortcomings of traditional invasive techniques such as endoscopic retrograde cholan-
giopancreatography (ERCP)[38,39]. A study reported a case where Initial imaging suggested choledocholithiasis, but
ERCP uncovered live Fasciola larvae in the bile duct, later confirmed by stool analysis[39]. Although ERCP has primarily
been utilized for therapeutic purposes due to its invasiveness, imaging approaches-such as high-resolution ultrasono-
graphy, computed tomography (CT), and magnetic resonance imaging-could have a diagnostic potential, offering non-
invasive means to visualize hepatic and biliary involvement associated with fascioliasis[17,40]. During the acute hepatic
phase, contrast-enhanced CT typically demonstrates pathognomonic hypoattenuating, serpiginous subcapsular tracts.
However, radiographic manifestations exhibit heterogeneity and may additionally include non-enhancing parenchymal
lesions, nodular formations, hepatosplenomegaly, and regional lymphadenopathy[41].

Management challenges

The development of effective fascioliasis treatments has included the evaluation of various antiparasitic agents, as
summarized in Table 2. Among these, the World Health Organization (WHO) identifies triclabendazole as the antipa-
rasitic agent of choice for fascioliasis, demonstrating efficacy against both immature and mature stages of Fasciola spp
[42]. Triclabendazole is benzimidazole drug that interferes with the parasite’s p-tubulin polymerization balance leading to
inhibition of protein synthesis[43]. Triclabedazole is deemed safe. Extensive global clinical experience and available safety
data support the drug's favorable safety profile. However, canine studies identified potential QTc prolongation at sup-
ratherapeutic doses. Current prescribing guidelines recommend caution in patients with preexisting QTc prolongation or
those concurrently using other QT-prolonging medications[44]. Standard treatment regimens with triclabendazole
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Table 1 Challenges in fascioliasis diagnostics and emerging techniques

Method

Strengths

Challenges

Emerging solutions/comments

Stool analysis

Serology Serological tests using
excretory /secretory
Antigens[29,30]

MM3 coproantigen-
detection test[31]

Commercial F. hepatica
IgG ELISA[26]

SeroFluke Lateral Flow
Test[33]

Direct detection of eggs in
stool samples confirms active
infection

ELISA-based tests using
purified or recombinant
antigens (e.g., cysteine
proteinases produced in yeasts
[29] or in E. coli[30]) offer high
sensitivity and specificity,
particularly for F. hepatica and
F. gigantica

Provides high sensitivity and
specificity; suitable for large-
scale screening, early detection
in chronic infections, and
monitoring treatment
outcomes

High sensitivity and high
negative predictive value,
making it useful for ruling out
infection when combined with
a compatible clinical history

Offers maximal specificity and
sensitivity; applicable to both
serum and whole-blood
samples; user-friendly and
suitable for point-of-care

Does not allow the differentiation between F.
gigantica and F. hepatica due to morphological
similarities, delay in detection (only positive
3-4 months post-infection), intermittent egg
output, low or absent egg shedding in light
infections, chronic cases, ectopic infections, or
false positives from ingested infected liver
tissue

May suffer from cross-reactivity with
antibodies against other helminths; delayed
seroconversion in the acute phase; cannot
differentiate between species in regions where
both coexist

Limited in its ability to quantify fluke burden
on its own, which is crucial for determining
appropriate treatment doses and assessing
disease intensity

Exhibits a low positive predictive value and
lacks correlation with egg output,
necessitating confirmation with additional
diagnostic methods to avoid misclassification,
particularly in areas with potential cross-
reactive helminth infections

While promising, further validation is
required to fully assess its performance across
diverse clinical settings and to ensure its
reliability in routine diagnostic practice

Necessitates alternative or adjunct
diagnostic methods due to limited
sensitivity in early and complex
cases

Recombinant antigens produced in
yeast or E. coli have been
successfully incorporated into ELISA
protocols, improving diagnostic
performance

The use of a new
preservative/diluent
(CoproGuard™) has enhanced
coproantigen extraction and antigen
stability, potentially improving the
test's diagnostic yield[32]

Considered promising for individual
diagnosis and large-scale epidemi-
ological studies, provided it is
supplemented by other diagnostic
tests to confirm positive results

Represents a significant step forward
in rapid, field-friendly diagnostics,
potentially addressing the
shortcomings of more invasive or
technically demanding methods

testing in both hospital
settings and endemic regions

typically involve a single or double-dose administration, tailored to parasite load and clinical severity at 10 mg/kg after a
meal separated by 12-24 hours. Some studies reported cure rates between 75% and 100% using a single dose of tricla-
bendazole 10 mg/kg[43,45,46]. Two randomized studies, with poor methodological designs, reported no difference in
effectiveness between single-dose and multiple-dose regimens[45,47]. Existing evidence indicates that administering two
doses of triclabendazole at 10 mg/kg may be more effective than a single-dose regimen[48]. Dosage adjustments are
made based on patient-specific factors such as age, hepatic function, and the risk of reinfection, ensuring optimized the-
rapeutic outcomes. In many endemic regions, limited access to triclabendazole poses a significant challenge. Furthermore,
the emergence of triclabendazole-resistant fascioliasis is a growing concern. Extensive use in livestock has led to
widespread resistance in cattle and sheep, raising the risk of transmitting resistant infections to humans[49]. Notably,
treatment failures have been documented in human cases form Tureky, Peru, Portugal, Chile, and The Netherlands[50-
54], with some patients continuing to shed eggs despite high-dose regimens[52]. While resistance mechanisms do not
involve the same fi-tubulin mutations seen in other helminths[55,56], alterations in drug uptake and detoxification path-
ways are suspected[57-59]. Additionally, Nitazoxanide, 500 mg twice a day for a week in adults, has been proposed as an
alternative treatment for Fasciola infections, especially in the chronic stage of infection[60]. However, evidence on its
efficacy is conflicting. While some studies report success rates as high as 94%[61], others show significantly lower efficacy,
with some cases failing treatment altogether[52]. Due to these inconsistencies, nitazoxanide cannot be recommended as a
reliable therapeutic option. Novel antiparasitic compounds are currently under investigation, aiming to provide effective
alternatives. Poor water solubility of triclabendazole may limit its organ concentration and efficacy. Flores-Ramos et al[62]
developed a prodrug (MFR-5) that is vastly more water-soluble and stable, achieving high fasciolicidal activity in animal
models. Adjunctive therapies, including surgical interventions and endoscopic procedures, play a critical role in
managing complications such as biliary obstruction (Figure 4). These therapies are essential in cases where pharmaco-
logical treatment alone is insufficient to alleviate structural complications. Endoscopic intervention, particularly ERCP,
can be extremely helpful in such cases, as revealed by Bahcecioglu et al[63]. The authors reported the use of ERCP to
manage 36 patients in the biliary phase of fasciola, achieving a high success rate and safety profile. The complexity of
hepatobiliary fascioliasis, particularly in advanced or refractory cases, underscores the necessity for a multidisciplinary
management approach. Coordinated care involving hepatologists, infectious disease specialists, surgeons, and interven-
tional radiologists ensures that both the parasitic infection and its systemic complications are comprehensively addressed,
ultimately enhancing patient outcomes.
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Table 2 Summary of antiparasitic medications, including dosages and treatment regimens

Drug Mechanism of action Dose Comments
Triclabendazole Binds to B-tubulin, inhibiting For patients > 6 years: Two  Taken orally with food to improve absorption. It is the
microtubule formation, leading  doses of 10 mg/kg drug of choice for fascioliasis, with extensive clinical
to impaired motility and administered 12 hours experience supporting its efficacy against both immature
disruption of vital processes in  apart (alternatively, a single and mature stages. FDA-approved for use in patients
the parasite 10 mg/kg dose has been aged six and older. Caution is advised in patients with
used) preexisting QTc prolongation. Resistance has been

documented in some cases

Nitazoxanide Inhibits the pyruvate: For adults: 500 mg orally Proposed as an alternative, especially for chronic
Ferredoxin oxidoreductase twice daily for 7 days infection. However, conflicting evidence on its efficacy
(PFOR) enzyme-dependent (ranging from as high as 94% to as low as 36%) limits its
electron transfer reaction recommendation as a reliable therapeutic option
essential for anaerobic energy
metabolism

Praziquantel Increases calcium ion Once considered as an alternative, praziquantel is now contraindicated for fascioliasis
permeability in parasite due to insufficient efficacy against Fasciola species

membranes, causing muscle
contraction and paralysis

Bithionol Disrupts oxidative A halogenated phenol formerly used as primary therapy for fascioliasis in the United
phosphorylation, impairing States; it has been discontinued
energy metabolism in parasites

Emetine/Dehydroemetine Inhibits protein synthesis by Discontinued because of inadequate efficacy and safety issues
interfering with the elongation
step in translation

Metronidazole Undergoes reduction in
anaerobic organisms to form
reactive nitro radicals that
damage DNA and other critical
biomolecules

Albendazole Binds to B-tubulin, inhibiting
microtubule polymerization,
leading to impaired glucose
uptake and energy depletion in
Pparasites

Niclofolan Disrupts energy metabolism by
uncoupling oxidative
phosphorylation in parasite
mitochondria

Chloroquine Inhibits DNA and RNA biosyn-
thesis and causes degradation of
ribosomes in parasites

Hexachloro-para-xylol Disrupts parasite metabolism
through oxidative damage and
interference with enzymatic

processes
Artemisinin derivatives Activated by heme iron to
(artesunate/artemether) produce free radicals that

alkylate and damage parasite
proteins and membranes

Public health implications

The resurgence of fascioliasis is influenced by a confluence of environmental, socioeconomic, and ecological factors.
Climate change, including increased rainfall and rising temperatures, has expanded the habitats of intermediate snail
hosts, facilitating the transmission of Fasciola spp[64]. Additionally, intensified agricultural practices, such as irrigation
expansion and livestock farming, contribute to environmental contamination, thereby sustaining the parasite's life cycle
[65]. Socioeconomic determinants, including sanitation and restricted access to clean water, further exacerbate
transmission, particularly in rural and peri-urban areas[3]. Effective control requires a multifaceted approach, treatment
of livestock with anthelmintic drugs, integrating improved water resource management, snail control strategies, and
agricultural policies that mitigate contamination risks[8,66]. Public awareness and education are pivotal in reducing
fascioliasis transmission. Knowledge dissemination regarding risk factors, such as the consumption of raw or contam-
inated aquatic vegetation, is essential in high-risk communities. Community engagement and participatory education
models foster local ownership of disease control strategies, ultimately improving compliance with preventive measures
[10]. Additionally, environmental sustainability policies play a crucial role in controlling transmission by promoting
ecological balance and sustainable agricultural practices[64]. The WHO endorses mass drug administration (MDA) to
reduce human fascioliasis prevalence in endemic countries. National health authorities must implement standardized
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Figure 4 Viable Fasciola spp. Specimens retrieved from the gallbladder during endoscopic retrograde cholangiopancreatography.

treatment protocols and ensure the equitable distribution of antiparasitic drugs such as triclabendazole[67]. Bolivia,
Egypt, Peru, and Vietnam have implemented various control strategies-including diagnosis-and-treatment campaigns,
school-based programs, and MDA-though most are now inactive[42]. Egypt’s school- and village-based screen-and-treat
initiative reduced prevalence from 6% to 1% over seven years. Peru piloted a school-based MDA program in the
Northern Highlands but did not expand it nationally. Bolivia sustained a decade-long MDA program near Lake Titicaca,
administering fixed 250 mg triclabendazole doses annually to all residents in hyperendemic areas, regardless of age or
weight[42,68,69].

CONCLUSION

Fascioliasis is a globally neglected zoonotic disease with significant health impacts. Its complex pathophysiology compli-
cates diagnosis and management, yet timely treatment remains essential. Triclabendazole is the only recommended drug,
but emerging resistance threatens control efforts.

To combat fascioliasis, investment in research, diagnostics, and alternative treatments is crucial. Strengthening global
health policies, public health infrastructure, and interdisciplinary collaboration will be key to reducing transmission and
disease burden. A comprehensive multi-disciplinary, sustained approach is necessary to prevent its reemergence in
endemic regions.
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Abstract

BACKGROUND

The rising global prevalence of gastroesophageal reflux disease (GERD) has been
closely linked to lifestyle changes driven by globalization. GERD imposes a sub-
stantial public health burden, affecting quality of life and leading to potential
complications. Early intervention through lifestyle modification can prevent
disease onset; however, there is a lack of effective risk prediction models that
emphasize primary prevention.

AIM
To develop and validate a GERD Risk Scoring System (GRSS) aimed at identifying
high-risk individuals and promoting primary prevention strategies.

METHODS

A 45-item questionnaire encompassing major lifestyle and demographic risk
factors was developed and validated. It was administered to healthy controls and
GERD patients. Two regression models — one using continuous variables and
another using categorized variables —were used to develop a computational
prediction equation and a clinically applicable scoring scale. An independent
validation cohort of 355 participants was used to assess model performance in
terms of discrimination (C-index), calibration, sensitivity, specificity, internal
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consistency (Cronbach's alpha), and test-retest reliability (intraclass correlation coefficient, Bland-Altman analysis).

RESULTS

Significant associations were observed between GERD and key lifestyle factors. The derived GRSS equation and
scoring scale demonstrated strong discriminative ability, with high sensitivity and specificity. The scoring system
exhibited excellent internal consistency (Cronbach’s alpha) and strong test-retest reliability. The C-index indicated
excellent predictive accuracy in both derivation and validation cohorts.

CONCLUSION

GRSS offers a novel and validated approach to GERD risk prediction, combining a robust equation for digital
applications and a practical scale for clinical use. Its ability to accurately identify at-risk individuals supports a
paradigm shift toward primary prevention, underscoring its significance in addressing the growing burden of
GERD at the population level.

Key Words: Gastroesophageal reflux disease; Risk prediction; Lifestyle factors; Gastroesophageal Reflux Disease Risk Scoring
System score; Logistic regression; Validation study; Questionnaire; Primary prevention; Early intervention
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Core Tip: There has been a steady rise in the prevalence of gastroesophageal reflux disease (GERD) due to globalization.
This study introduces the GERD Risk Scoring System (GRSS), a novel primary prevention tool for assessing GERD
susceptibility based on key lifestyle and demographic factors. Using logistic lasso regression, the model demonstrated high
predictive accuracy, with strong internal consistency and reliability. GRSS provides both a computational risk equation and a
practical scoring scale for clinical use. By enabling early identification of at-risk individuals, GRSS facilitates targeted
lifestyle modifications, supporting primary prevention and reducing the long-term burden of GERD-related complications.
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INTRODUCTION

As defined by the World Gastroenterology Organization, gastroesophageal reflux disease (GERD) is characterized by
troublesome symptoms that significantly impact an individual's quality of life or injuries and complications resulting
from the retrograde flow of gastric contents into the esophagus, oropharynx, and/or respiratory tract[1].

The Global Burden of Disease Study reported 783.95 million cases of GERD worldwide in 2019[2]. A survey conducted
by the Indian Society of Gastroenterology reported that the prevalence of GERD in India ranged from 7.6% to 30%[3]. This
high prevalence is a major cause for concern, as GERD leads to complications such as dysphagia, perforation, bleeding,
metaplasia, and adenocarcinoma, resulting in significant morbidity and mortality[4].

The American College of Gastroenterology (ACG) recommends a multimodal approach to diagnosing GERD. This
starts with a detailed medical history and clinical assessment. Empirical treatment with acid-suppressing medications can
serve as a diagnostic test, with symptom improvement indicating GERD. Upper gastrointestinal endoscopy is advised for
severe symptoms or to confirm esophageal issues like inflammation, erosions, ulcers, or Barrett's esophagus. Additional
diagnostic tools include pondus hydrogenii (pH) monitoring, esophageal manometry, barium swallow X-ray, impedance-
pH monitoring, and biopsies during endoscopy[5].

While several symptom-based scoring systems for diagnosing GERD have been developed and validated worldwide,
they predominantly rely on self-reported symptoms and do not account for the lifestyle factors that significantly contri-
bute to GERD development. For instance, the GERD-Q is a validated 6-item self-administered questionnaire that aids in
diagnosis based on an individual's experienced symptoms[6]. However, at the time of this publication, no scoring scale
had been developed to predict the risk of developing GERD.

Established lifestyle risk factors associated with the development of GERD include[7-10] poor sleep quality and
quantity, elevated body mass index (BMI), older individuals, tobacco use, alcohol consumption, dietary habits, and
inadequate fiber content in the diet[11-13].

Our study aims to develop and validate a questionnaire based on risk factors to create a scoring scale to predict the risk
of developing GERD. This tool can be used in the general population to identify high-risk populations so that early
intervention in the form of lifestyle modifications can be advised to prevent the development of the disease and its
complications.
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MATERIALS AND METHODS
Study population

We designed a prospective case-control study following the principles outlined in the Helsinki Declaration. All
participants in the study signed written informed consent forms. The participants in this study were recruited from the
Outpatient Department of our institution.

The sample size, totaling 321 individuals (107 cases and 214 controls), was calculated using the formula described by
Kelsey et al[14]. It is rounded off to the nearest ten (110 cases + 220 controls) for ease of calculation. The detailed sample
size calculation can be found in the Supplementary material.

After explaining the study protocol to the participants, we obtained a thorough clinical history and conducted a
comprehensive clinical examination. We followed the diagnostic guidelines recommended by the ACG to identify cases
of GERD. Patients with typical GERD symptoms underwent endoscopy, and cases were confirmed based on evidence of
erosive esophagitis, Los Angeles (LA) grade A or above. The control group subjects were asymptomatic, healthy volun-
teers whose upper gastrointestinal endoscopic findings were normal, recruited using a convenient sampling method from
the general population. The exclusion criteria for both study groups were as follows: (1) Patients with peptic ulcer
disease, hiatal hernia (of all types, including Sliding, Rolling, or Mixed, regardless of size), scleroderma, or eosinophilic
esophagitis; (2) Patients below 18 years of age; and (3) Patients who did not consent to be a part of the study.

The participants in both study groups were interviewed, a questionnaire was administered, and data were collected.
To assess the test-retest reliability of the GERD Risk Scoring System (GRSS) questionnaire, a subset of 40 study
participants was selected to undergo a second interview with the questionnaire at a different time frame. During the time
of the interview for data collection, based on the responses received, as a matter of goodwill, we advised the participants
about their poor lifestyle and suggested modifications. After 6 months, we randomly selected 25 participants from our
study population and telephonically interviewed them with the GRSS. We wanted to see, as a pilot, if there was a
significant change in the GRSS scores following the lifestyle modification advice.

Questionnaire design

The GRSS questionnaire was developed as a novel tool to assess GERD risk based on lifestyle and demographic factors.
Our approach involved adapting items from previously validated questionnaires, modifying them to target GERD-
specific behaviors, and integrating newly created questions informed by known GERD risk factors identified through
literature review. The questionnaire is divided into 6 modules, with 45 questions in total. The first module collects the
demographic details of the patient. The other 5 modules concern smoking, alcoholism, sleep quality, diet (quantity of
fiber), and stress.

Demographics: Patient identifying particulars are collected along with age, gender, weight, and height. The socioeco-
nomic status of the patient is ascertained by using the modified Kuppusamy socioeconomic scale, where the income,
occupation, and education of the head of the family are questioned[15].

Smoking: The questionnaire investigates whether the participant has a habit of smoking. The type of tobacco product
smoked, quantity, and duration of smoking are questioned. Using these data, the participant's lifetime exposure to
tobacco products is quantified in the form of pack years.

Alcoholism: The questionnaire investigates whether the participant has a habit of alcohol consumption. The type of
alcohol consumed and quantity consumed per day are questioned to quantify the alcohol consumption per sitting in
units. Using proven, multicentrically validated questionnaires for assessing alcohol abuse, such as the Alcohol Use
Disorders Identification Test and Self-Rating of the Effects of Alcohol questionnaire as templates, we developed questions
for the GRSS[16,17]. From these questions, a score ranging from 0 to 22 is assigned to each patient based on the responses
obtained.

Sleep: The questionnaire assesses the quality of sleep of the participant. The questions were developed keeping self-rated,
validated questionnaires such as the Sleep Quality Scale, Pittsburgh Sleep Quality Index, and Epworth Sleepiness Scale as
templates[18-20]. From these questions, a score ranging from 0 to 12.5 is assigned to each patient based on the responses
obtained. Higher scores imply a lower quality of sleep.

Diet: The questionnaire investigates whether the participant has adequate dietary fiber consumption in his diet. The
questions were developed keeping an 18-item Fiber Screen and food frequency questionnaire as templates[21,22]. The
questions were modified for South Indian food culture. From these questions, a score ranging from 1 to 27 is assigned to
each patient based on the responses obtained. Additionally, questions were asked about the type of diet consumed, spice
preference, and the time elapsed between the consumption of the last meal and bedtime.

Stress: The questionnaire assesses the psychological stress of the participants. The questions were developed keeping
validated self-rated questionnaires such as the Perceived Stress Scale-4 and Holmes and Rahe Stress Scale as templates
[23,24]. A score ranging from O to 10 is assigned to each patient based on the responses obtained. Higher scores imply that
the participant faced greater psychological stress. Additionally, questions on the impact of stress on diet and destressing
measures (if any) are included.

The final questionnaire is structured as a closed-ended questionnaire. Smoking and alcoholism questions serve as
contingency questions, while the rest are either matrix questions, Likert scale questions, or multiple-choice questions. The
GRSS features new questions specifically related to GERD development, which were not found in existing questionnaires.
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The questionnaire can be found in Supplementary material. The questionnaire underwent validation, and a pilot study
was conducted to optimize its design. A scoring system was developed for each module, and scores for each module
were obtained according to a designed scoring legend. Content validity was established through expert consultation
within their respective fields. We also employed confirmatory factor analysis to assess the construct validity and validate
the questionnaire used. It is detailed in Supplementary material.

Statistical analysis

The data from the questionnaire were entered into Microsoft Excel 2020 (Microsoft Corporation, Redmond, United
States). Statistical analysis was carried out using Statistical Package for the Social Sciences 26.0 for Windows (IBM,
Armonk, NY, United States) and R version 4.3.2 software. Age and BMI were treated as continuous variables, while sleep
score, stress score, and diet score were treated as ordinal variables. Smoking was categorized as non-smoker, smoker (< 5
pack years), or smoker (> 5 pack years), and alcoholism was classified into nonalcoholic, light drinker, or heavy drinker
categories. Participants' livelihood was categorized as either urban or rural, and socioeconomic status was considered as
categorical variables in our analysis. Participants were categorized as cases (GERD+ve) or controls (GERD-ve).
Continuous variables were expressed as the mean + SD or median with a 25-75 percent interquartile range. Categorical
variables were expressed as percentages with a 95%CI. We considered P values < 0.05 as significant. To check the normal
distribution of the data (normality), we used the Kolmogorov-Smirnov test and Anderson-Darling test. Descriptive
analysis was performed to provide an overview of the collected data. Any missing data were excluded from the analysis
to ensure the accuracy and reliability of the results.

We developed the GRSS using two distinct approaches: (1) Logistic regression with continuous variables (GRSS scores)
for integration into websites and mobile applications, providing a user-friendly risk assessment tool; and (2) Logistic
regression with categorical variables (GRSS scores categorized into intervals) was employed to create a tool tailored to be
physician-friendly, ensuring ease of calculation and practicality in clinical settings.

Initially, Spearman rank correlation was used to explore associations between component scores and GERD status.
Significant variables were then subjected to least absolute shrinkage and selection operator (LASSO) logistic regression
analysis, including predictors such as age, BMI, sleep score, diet score, stress score, smoking status, and alcoholism. The
‘glmnet’ package in R was employed, applying L1 regularization (alpha = 1), and stability assessment involved boots-
trapping with 10000 resamples. LASSO regression was selected over Ridge or Elastic Net regression because it performs
both variable selection and regularization. Unlike Ridge regression, which only shrinks coefficients without eliminating
predictors, LASSO can shrink some coefficients exactly to zero, thus identifying the most influential variables and
excluding irrelevant ones. This property is valuable in clinical prediction modeling, where model simplicity and
interpretability are essential for practical application in both digital tools and bedside use. The final model was selected
based on minimized cross-validated error (lambda value), and it yielded coefficients for each resample.

Simultaneously, all factors were converted into categorical variables by dividing them into equally spaced intervals to
design the scale. We created a contingency table for each factor and GERD status, conducting bivariate analysis using the
two-tailed Fisher's exact test to qualitatively assess the association. The strength of the association between each factor
and GERD was determined by Cramer’s V (effect size).

We included significant variables from the bivariate analysis to create a LASSO logistic regression equation where the
dependent variable (GERD) depends on the categorized component scores. Categorical coefficients, representing the
change in log odds of 'GERD' with the presence of each category for a given predictor, were used to calculate a linear
predictor. Subsequently, the probability of 'GERD' was derived from the linear predictor using the logistic function. The
logistic regression coefficient p for each variable was utilized to create the scoring scale based on the regression
coefficient-based scoring algorithm[25]. This algorithm was found to be superior to the risk ratio-based scoring algorithm.
The coefficients were rounded off, and the scoring model was optimized for ease of assessment.

We recruited an additional 355 participants to prospectively evaluate the scoring scale, capturing GRSS scores as
continuous variables. This expanded dataset also includes the original set of 330 participants. To illustrate the distribution
of patients across different score intervals classified as non-GERD and GERD, we created two bar plots. Additionally, we
generated a smooth curve to depict the predicted probability of GERD across various score values. The shaded area
around the curve reflects the 95%CI, with dashed lines indicating the upper and lower bounds of this interval.

We used the 'rms' package in R to construct the logistic regression model ('f.score') and performed validation. C-index
was employed as a metric to evaluate the model's discrimination ability. The validation process incorporates boots-
trapping (B = 10000) to enhance reliability. We used the 'calibrate' function of the ‘rms’ package to assess how well the
model's predicted probabilities aligned with the observed outcomes. A calibration plot was generated to visualize the
model's performance, comparing observed and predicted probabilities.

The 'pROC' package in R was used to construct the receiver operating characteristic (ROC) curve for evaluating the
model's ability to discriminate between individuals with and without GERD. Additionally, we calculated the area under
the curve (AUC) to quantify the overall predictive accuracy. Sensitivity and specificity were computed to evaluate the
model's classification performance.

To evaluate the test-retest reliability of the GRSS, we calculated the intraclass correlation coefficient (ICC) and used
Bland-Altman plots to assess the consistency and agreement between the GRSS scores obtained from participants
undergoing a second interview at a different time frame. The reliability of the questionnaire was assessed by Cronbach’s
alpha value. We used the Wilcoxon signed-rank test to determine if there was a significant change in the GRSS scores post
6 months. The flowchart for the statistical analysis conducted is depicted in Supplementary Figure 1.
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RESULTS

We enrolled 330 patients: (1) 110 patients who had GERD; and (2) 220 healthy controls. All the patients enrolled in the
study were South Asians. Out of the 110 cases included in the study, 46 participants were classified as LA grade A, 32
participants as LA grade B, 19 participants as LA grade C, and 13 participants as LA grade D.

The dataset exhibited a non-normal distribution, as indicated by the Kolmogorov-Smirnov and Anderson-Darling
tests. Spearman rank correlation was used to find the association between continuous variables and GERD. The
continuous variables were then converted into categorical variables by creating equally spaced intervals (code definitions
are tabulated in Supplementary Table 1). A contingency table was created for each factor (rows) and GERD status
(columns). The association between the factors and disease was qualitatively determined by the two-tailed Fisher's exact
test. The strength of the association was calculated by effect size (Cramer’s V). The results of the associations are
tabulated in Table 1.

To assess potential multicollinearity among predictors, variance inflation factor (VIF) values were calculated using a
linear model. The VIF values were: (1) Age = 1.45; (2) BMI = 1.90; (3) Sleep = 1.79; (4) Diet = 1.36; (5) Stress = 1.09; (6)
Smoking status = 1.04; and (7) Alcohol level = 1.06. All VIF values were well below the commonly accepted threshold of
5, indicating no multicollinearity concerns.

A logistic LASSO regression was applied to continuous variables to formulate an equation, with the optimal regular-
ization parameter (lambda) determined as 0.95 through bootstrapping 10000 datasets, enhancing generalization
performance. The coefficients are tabulated in Table 2.

The equation obtained from this model is complex, as shown below, but it can be easily programmed for practical use
in computational applications such as websites and mobile applications. GRSS scores = (-1.93) + (0.0112 x age) + (0.051 x
BMI) + (0.0964 x sleep score) + (0.00589 x diet score) + (0.033 x stress score) + (-0.0159 x smoker category) + (-0.036 x
alcohol category).

Scores were calculated for both the study participants and an additional cohort of 355 patients. Model validation
yielded a C-index of 0.8884 through 100 bootstrap iterations. The ROC curve shown in Figure 1A, demonstrated an AUC
of 0.9442, with a sensitivity of 0.8694 and specificity of 0.9659. The optimal cut-off value of 0.511 was determined based on
the highest Youden index. Further plots and details of the model are available in the Supplementary material.

The GRSS scores can be converted into the risk of GERD by the following equation: Risk = 1/ (1+e>%-832* GRSS scores)

A practical scoring scale for clinical use was developed through logistic lasso regression using categorical variables. An
optimal regularization parameter (lambda) of 0.95 was determined by bootstrapping (10000 datasets). The logistic
regression coefficient p for each variable was used to create the scoring scale based on the regression coefficient-based
scoring algorithm, which proved superior to the risk ratio-based algorithm. Coefficients were rounded and used to assign
weights to each interval to create the scoring scale. The scoring scale is shown in Table 3.

Scores were calculated for both the study participants and an additional cohort of 355 patients. Model validation
yielded a C-index of 0.891475 through 100 bootstrap iterations. The ROC curve shown in Figure 1B, demonstrated an
AUC of 0.9457, with a sensitivity of 0.8408 and specificity of 0.9590. The optimal cut-off value of 25.5 was determined
based on the highest Youden index. Further plots and details of the model are available in the Supplementary material.

The GRSS scores can be converted into the risk of GERD by the following equation: Risk = 1/ (1+g!>57060- 0612328 x GRS scores)
In Supplementary Table 2, we provide a translation of scores into corresponding risk percentages.

The reliability of the questionnaire is measured by using Cronbach’s alpha value, which was found to be 0.850
indicating that the internal consistency is good. To assess the test-retest reliability of the GRSS questionnaire, 40
participants completed the questionnaire on two separate occasions. ICC analysis showed an ICC value of 0.836 (P <
0.001), indicating strong consistency between the two administrations. Bland-Altman analysis revealed a minimal mean
difference and most data points within the limits of agreement, demonstrating high reliability. The plot is shown in
Supplementary Figure 2. Wilcoxon signed-rank test to compare the GRSS scores at baseline and after 6 months indicated
a statistically significant difference between the two time points, with a Wilcoxon W value of 252 (P < 0.001).

DISCUSSION

Our study involved 330 participants, comprising 110 GERD cases and 220 healthy controls, all of whom were of South
Asian descent. Spearman rank correlation revealed an association between the risk factors and GERD. Conversion of
continuous variables into categorical variables also revealed clear associations between these factors and GERD. Notably,
age, BMI, smoking, alcoholism, sleep quality, diet, and stress showed significant correlations with GERD status.
However, community and socioeconomic status exhibited weaker associations. After excluding non-significant factors,
we took two approaches to building our risk prediction model. The first involved a lasso logistic regression with
continuous variables, resulting in a rather complex equation suitable for programming websites and mobile apps. The
second approach used categorical variables derived from equally spaced intervals, creating a practical scoring scale for
physicians based on coefficients from the lasso logistic regression. Both models demonstrated excellent accuracy in
predicting GERD risk when tested on an additional cohort of 355 individuals. Moreover, our questionnaire exhibited
good internal consistency with a Cronbach’s alpha value of 0.850. The test-retest reliability of the GRSS assessed by an
ICC of 0.836 indicated the stability of GRSS scores over time. We found a significant change in GRSS scores following the
lifestyle modification advice provided. These findings suggest that the GRSS could be a valuable tool for assessing GERD
risk, considering key demographic and lifestyle factors, and facilitating timely intervention and management.
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Table 1 Significance and strength of association for each risk factor of gastroesophageal reflux disease

Continuous variables Categorical variables
Factor

Spearman ‘rho’ Pvalue  Fischer’s test Cramer’s v value Strength of association
Age 0.573 <0.001" <0.001" 0.646 Strong
Body mass index 0.749 <0.001" <0.001" 0.745 Strong
Smoking - <0.001" 0.476 Relatively strong
Alcoholism - <0.001" 0.434 Relatively strong
Sleep 0.710 <0.001 <0.001" 0.642 Strong
Diet 0.492 <0.001' <0.001' 0.639 Strong
Stress 0.289 <0.001' <0.001' 0.727 Strong
Community” - 0.129 0.0900 Very weak
Socio-economic status’ - 0.932 0.0465 Very weak

UIndicates significance.
“Categorical data.

Table 2 Coefficients of factors in the logistic regression model for gastroesophageal reflux disease

Factor Coefficient p
Age 0.01123340
Body mass index 0.05075936
Smoking -0.01586711
Alcoholism -0.03592046
Sleep 0.09640941
Diet 0.00588875
Stress 0.03304126

To develop GRSS, we chose a case-control study design for its efficiency in comparing individuals with and without
GERD. This approach facilitated the identification of risk factors and the creation of a GRSS. As there was no suitable
existing questionnaire for primary prevention, we developed one in conjunction with the case-control study. Additio-
nally, we explored isotonic regression for prediction models and attempted to enhance results through a combined
LASSO Isotone regression model, but observed minimal impact.

We carried out an extensive literature review on databases such as PubMed/Medline, Scopus, EMBASE, and Google
Scholar, focused on studies related to GERD risk prediction. We employed search terms such as "GERD risk prediction",
"GERD questionnaire", "Gastroesophageal Reflux Disease prediction tool", and "GERD risk assessment". We found that
various questionnaires are available to assess GERD. The GERD-Q is a validated tool designed to gauge the frequency
and severity of GERD symptoms, and how these symptoms affect daily life[6]. Similarly, the GERD Symptom Assessment
Scale evaluates the severity and frequency of GERD symptoms such as heartburn, regurgitation, chest pain, and
swallowing difficulties, while also delving into their repercussions on a patient's quality of life[26]. The Reflux Disease
Questionnaire is widely employed to gauge the frequency and severity of heartburn, regurgitation, and epigastric pain,
giving a composite score that quantifies GERD symptom severity[27]. The Carlsson-Dent GERD Questionnaire invest-
igates symptom presence and severity, assigning a score indicative of GERD likelihood[28]. The Quality of Life in Reflux
and Dyspepsia captures the impact of GERD on a patient's quality of life, encompassing physical and emotional well-
being[29]. We also found several studies that aimed to create risk prediction models for assessing Barett's esophagus[30-
32]. However, we found a significant gap in studies specifically addressing GERD risk prediction, prompting our central
research question: How can we strategically identify individuals at risk of developing GERD. In the realm of primary
prevention, how can we tailor preventive measures using a predictive risk factor model-GRSS to curtail the onset of
GERD and its related complications.

GERD is linked to various lifestyle factors, with six major ones examined in our study. Older individuals experience
higher GERD prevalence due to lax lower esophageal sphincters, as noted by Euseb et al[33]. Increased body weight,
reflected by BMI, leads to more adipocytes which secrete adiponectin and leptin, disrupting sphincter function and
causing regurgitation of gastric contents[34]. Luminal nitric acid, known for its cytotoxic effects, may impair the epithelial
barrier, with high-fiber foods potentially mitigating this risk[35]. Smoking lowers the resting tone of the lower esophageal
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Table 3 Gastroesophageal reflux disease Risk Scoring Scale (Gastroesophageal Reflux Disease Risk Scoring System)

Factor Parameter Score
Age (years) Less than 20 3
21-40 5
41-60 8
61-80 11
Greater than 81 13
Body mass index Less than 18 8
18-22.9 7
23-24.9 10
More than 25 13
Smoking Non-smoker 0
Smoker < 5 pack years 0.2
Smoker > 5 pack years 0.4
Alcohol score Non-alcoholic 0
0-6 02
7-12 14
Diet score <4 2
4-8 1.5
8-12 1
>12 0.5
Stress score <45 1
4.5-6 2
>6 2.5
Sleep score <4 3
4-8 6
>8 9

sphincter, enhances acid reflux, and reduces bicarbonate levels in saliva[10]. Alcohol consumption results in toxic
byproducts like acetaldehyde, which disrupt sphincter function and acid secretion, impacting GERDJ[36]. Sleep
disturbances and lying down exacerbate symptoms, particularly if sleep occurs within three hours of eating[37]. Stress
increases catecholamine levels, worsening esophageal sphincter action and maintaining inflammatory states that
exacerbate GERD symptoms[38].

From the patient's point of view, this innovative tool provided a chance for individuals to detect their vulnerability to
GERD at an early stage and facilitated prompt adjustments to their lifestyle. By enabling early identification of risk and
emphasizing lifestyle changes, this tool enhanced personal well-being and reduced the risk of complications associated
with GERD. From adopting dietary adjustments to healthier sleep patterns and stress management, patients found that
this screening tool aligned with their desire for preventive healthcare. The questionnaire was carefully designed with the
patient's convenience in mind, ensuring that it was easy to use and did not take more than 8 minutes to complete, further
enhancing user-friendliness.

An added advantage of the GRSS questionnaire lies in its component scores, allowing us to pinpoint specific risk
factors for each individual. This precision enables us to recommend tailored lifestyle modifications to address the
particular risk factor identified. By offering personalized advice, the GRSS allows individuals to make changes that
directly mitigate their unique risks. This not only enhances the effectiveness of preventive measures but also ensures a
more individualized and patient-centric approach to managing GERD risk. The risk factors selected in our study are
primarily associated with lifestyle habits. Although we have developed the GRSS as a tool for assessing the risk of GERD
development, our study did not assess whether improvements in lifestyle leading to a decrease in GRSS scores led to a
reduced risk of GERD. This suggests a potential direction for future research, which could involve an intervention study
to assess its clinical utility.

GRSS includes non-integer values, which may appear unconventional in clinical scoring tools. While integer scores are
often preferred for their simplicity, we chose to retain non-integer scores because they better reflect clinically meaningful
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Figure 1 Receiver operating characteristic curve. A: Receiver operating characteristic (ROC) for discriminative accuracy of Gastroesophageal Reflux
Disease Risk Scoring System (GRSS) modeled using continuous variables (approach 1); B: ROC curve for discriminative accuracy of GRSS modeled using
categorical variables (approach 2).

risk thresholds. For instance, in the smoking module, we initially considered higher pack-year thresholds (< 50 pack years
and > 50 pack years) yielding integer based scores. However, this approach proved suboptimal for clinical utility. Most
young individuals in our primary prevention target group do not yet reach such high cumulative exposures. As a result,
the scoring system would fail to capture early, modifiable risk in this crucial population. By lowering the threshold to <5
pack years and > 5 pack years, we ensured that the tool remains sensitive to early smoking exposure. This adjustment
resulted in non-integer scores but it preserves the lead time advantage essential to any effective screening or preventive
measure.

Beyond its utility as a research instrument, the GRSS holds immense promise in clinical settings. Its user-friendly
design facilitates regular and accurate GERD risk assessment by patients or healthcare workers. Clinicians should
maintain a high index of suspicion for GERD in patients with higher GRSS scores and initiate appropriate interventions
promptly to prevent the development of complications. While the development of the GRSS represents a significant leap
forward, we acknowledge certain limitations and areas for future refinement. These include the need for further
validation of the tool in multicentric studies to establish the reliability of this scoring system. The GRSS was developed
and validated in a South Asian setting. Consequently, the generalizability of the questionnaire to different populations
may be affected, highlighting the need for regional modifications in the questionnaire by further studies. GERD is
influenced by 19 risk factors; our questionnaire focuses on the six major risk factors. While this strategic selection
streamlines the questionnaire's practicality, it also limits the complete evaluation of all the risk factors for GERD.
Additionally, self-reported data introduces the possibility of recall bias, which is an inherent limitation in questionnaire-
based studies assessing lifestyle risk factors. However, such tools remain essential for early screening and public health
utility due to their practicality and scalability. To mitigate recall bias, the GRSS questionnaire was carefully designed with
objective, specific, and behaviorally anchored questions to facilitate more accurate recall and reporting. Another
limitation is that, in our pilot, we assessed if there was a change in GRSS scores following unofficial lifestyle modification
advice but could not assess compliance. Future research should address this aspect. We are committed to addressing
these issues and continually enhancing the GRSS to meet the evolving needs of both researchers and clinicians. A visual
illustration of the clinical implication of GRSS is shown in Figure 2.

CONCLUSION

In conclusion, we have developed a new novel questionnaire-GRSS that may predict the susceptibility of an individual to
developing GERD in the future. Based on the GRSS scores, lifestyle modifications can be advised to the individual. GRSS
proves itself on two fronts — first, with a sophisticated equation suitable for computational applications, and second, with
a user-friendly scoring scale for clinicians. Both approaches showed remarkable precision in predicting GERD risk which
highlighted the GRSS's potential for early intervention in clinical settings.

The substantial prevalence of GERD within our South Asian study group emphasizes the broader public health implic-
ations of GRSS. This approach focuses on primary prevention rather than the traditional secondary prevention tools such
as screening, which typically identify individuals after GERD has already developed. Our method allows us to use the
tool across the entire population, categorizing people into low-risk, medium-risk, and high-risk groups. Those in the low-

Buissidenge  VIGP | https://www.wjgnet.com 8 June 22,2025 | Volume16 | Issue2 |



Subramanian S et al. GERD risk scoring scale

Development and validation of a risk prediction model for
gastroesophageal reflux disease
Modifiable lifestlys risk factors

%

Poor sleep Inadequate fiber Stress

Implications

Early identification: GRSS enables the early
detection of individuals at risk of developing GERD
Personalized interventions: Tailored lifestyle
modification advice based on individual risk factors

Introducing thi A 5 z
GRgsnz é(éla% riik Preventive focus: Emphasizes primary

prevention over secondary prevention.

scoring scale (A

primary prevention Risk stratification: Categorizes individuals into
tool) low, medium, and high-risk groups for targeted
A interventions
No tools in literature Public health impact: Reduce GERD prevalence
for predicting risk of and associated complications through early
developing GERD detection

based on risk factors

)

Figure 2 Graphical illustration of the clinical implications of the Gastroesophageal Reflux Disease Risk Scoring System. GERD: Gastroeso-
phageal reflux disease; GRSS: Gastroesophageal Reflux Disease Risk Scoring System.

risk and medium-risk categories are advised on lifestyle changes to minimize the risk of GERD, while high-risk
individuals undergo additional screening to check for the disease. This not only optimizes preventive strategies but also
ensures more targeted and efficient healthcare interventions based on individual risk levels, marking a significant step
forward in promoting overall health and well-being. While our study has inherent limitations, it serves as a stepping-
stone for future research in the field of GERD.
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