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ABSTRACT 

Pancreatic neoplasms represent one of the most insidious and biologically aggressive oncological entities, often eluding early 

detection and exhibiting dismal prognostication despite evolving molecular and therapeutic frontiers. This systematic review 

synthesizes evidence from 13 pivotal, high-impact studies to elucidate the diagnostic modalities, histopathological 

intricacies, and advanced oncologic treatment modalities—including chemotherapeutic regimens, molecular-targeted 

therapies, and surgical innovations—in pancreatic malignancies. Through comprehensive analysis, this review seeks to 

integrate clinical, histomolecular, and therapeutic determinants into a cohesive algorithm for contemporary management 
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1. INTRODUCTION 

Pancreatic neoplasms, predominantly represented by pancreatic ductal adenocarcinoma (PDAC), constitute a malignancy 

with notorious lethality, ranking as the seventh leading cause of global cancer-related mortality and exhibiting a 5-year 

survival rate of less than 10%, as per GLOBOCAN 2020 (Sung et al., 2021)[1]. Characterised by stealthy symptomatology 

and a proclivity for early vascular and perineural invasion, these neoplasms are often detected at advanced, surgically 

inoperable stages. The profound histopathological heterogeneity of pancreatic tumors—ranging from neuroendocrine tumors 

(PanNETs) to mucinous cystic neoplasms (MCNs), solid pseudopapillary neoplasms (SPNs), and acinar cell carcinomas—

underscores the necessity for nuanced diagnostic and therapeutic paradigms (Hruban et al., 2019)[2]. 

2. METHODOLOGY 

In strict adherence to the updated PRISMA 2020 guidelines, a rigorous and methodologically sound systematic literature 

review was conducted to identify, appraise, and synthesize high-quality evidence pertaining to the diagnosis, pathology, 

pharmacotherapeutics, and surgical treatment of pancreatic neoplasms. 

Identification Phase: 
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A comprehensive bibliographic search was undertaken across four premier electronic databases—PubMed, Scopus, Embase, 

and Cochrane Library—using advanced Boolean logic with a combination of controlled vocabulary (MeSH/Emtree) and 

free-text keywords including “pancreatic neoplasm”, “PDAC”, “pancreatic adenocarcinoma” 

“chemotherapy”, “targeted therapy”, “pancreatic surgery”, “molecular markers”, and “precision oncology”. A total of 2,364 

articles were initially identified after deduplication. 

Screening Phase: 

Titles and abstracts of all identified records were independently screened by two blinded reviewers for thematic relevance, 

eliminating 1,981 articles that did not meet inclusion criteria due to non-relevance, pediatric focus, case report format, or 

lack of original data. This resulted in 383 full-text articles retained for further eligibility assessment. 

Eligibility Phase: 

 Full-text versions of these articles were thoroughly evaluated for inclusion based on predetermined eligibility criteria: 

Publication in a peer-reviewed high-impact journal (impact factor >5) 

English language 

Study population involving adults with pathologically confirmed pancreatic neoplasms 

Detailed reporting on diagnostics, treatment modalities, or histopathological stratification 

Availability of statistical outcomes (e.g., OS, PFS, ORR) 

A total of 370 articles were excluded at this stage for reasons including incomplete data, non-systematic design, single-center 

anecdotal outcomes, or lack of quantifiable endpoints. 

Inclusion Phase: 

Finally, 13 high-quality studies were deemed eligible and included in the final systematic review. These studies spanned 

randomized controlled trials, prospective cohort studies, and systematic reviews with meta-analysis, offering robust statistical 

granularity and thematic comprehensiveness. 

Data Extraction & Synthesis: 

From each included study, detailed information was extracted using a structured data abstraction sheet capturing: 

Study design and duration 

Patient population and inclusion criteria 

Type of intervention or diagnostic modality 

Histopathological and molecular classification employed 

Survival endpoints (median OS, PFS, ORR) 

Therapeutic toxicity and safety profile 

The extracted data were subsequently synthesized into a comparative tabular matrix and narrative synthesis, stratified 

according to the domain: diagnosis, histopathology, pharmacology, or surgery.  

Histopathological & Molecular Diagnostic Landscape 

The histomorphological and molecular diagnostic architecture of pancreatic neoplasms—particularly pancreatic ductal 

adenocarcinoma (PDAC)—is emblematic of an ontogenetic continuum underpinned by sequential mutational acquisitions 

and dysplastic architectural aberrations. This carcinogenic pathway unfolds along a spectrum of precursor lesions, 

predominantly Pancreatic Intraepithelial Neoplasia (PanIN), Intraductal Papillary Mucinous Neoplasms (IPMNs), and 

Mucinous Cystic Neoplasms (MCNs), each bearing a distinct constellation of morphophenotypic and genetic hallmarks that 

facilitate their nosological distinction and prognostic stratification (Hruban et al., 2019)[2]. 

At the cytopathological core of PDAC lies a densely desmoplastic and hypovascularized neoplastic milieu composed of 

angulated, infiltrative ductal complexes demonstrating marked nuclear pleomorphism, mitotic exuberance, perineural 

encasement, and lymphovascular permeation. The hallmark histological signatures are reinforced by an aggressive stromal 

reaction replete with cancer-associated fibroblasts (CAFs), myofibroblastic proliferation, and exuberant collagen deposition, 

all of which contribute to both the physical inaccessibility of therapeutic agents and the immunologically inert 

microenvironment (Hingorani et al., 2018)[13]. 

From a molecular taxonomic vantage point, the neoplastic cascade is orchestrated by recurrent driver mutations that emerge 

in a temporally hierarchical manner. KRAS proto-oncogene mutations, occurring in nearly 90–95% of PDAC cases, represent 

the initiating lesion that drives uncontrolled GTPase signaling and consequent cellular proliferation. This is succeeded by 
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inactivation of CDKN2A/p16 (95%), TP53 mutations (70–75%), and SMAD4/DPC4 deletions (50–60%), culminating in 

chromosomal instability, loss of DNA damage checkpoint fidelity, and enhanced metastatic proclivity (Waddell et al., 

2015)[3]. 

Immunohistochemical elucidation serves as an ancillary yet indispensable adjunct in histopathological confirmation, with 

cytokeratin expression profiling (CK7+, CK19+, CK20−), aberrant MUC1 overexpression, p53 accumulation, and loss of 

DPC4/SMAD4 nuclear staining being diagnostic mainstays. The CA19-9 glycoantigen, although nonspecific and limited by 

its absence in Lewis antigen–negative phenotypes, remains ubiquitously employed as a serological correlate of tumor burden 

and post-resection recurrence monitoring. 

The evolution of next-generation sequencing (NGS) and whole exome sequencing (WES) has redefined the molecular 

nosology of PDAC. Waddell et al. (2015)[3], through integrative genomic analyses, identified distinct mutational clusters 

corresponding to DNA repair-deficient, unstable, and stable phenotypes, wherein BRCA2-deficient tumors exhibited 

pronounced sensitivity to platinum-based regimens and PARP inhibition. Parallel transcriptomic deconvolution, as 

demonstrated by Bailey et al. (2016)[5], classifies PDAC into four molecular subtypes—Squamous, Pancreatic Progenitor, 

Immunogenic, and Aberrantly Differentiated Endocrine Exocrine (ADEX)—each portending divergent therapeutic 

susceptibilities and survival trajectories. 

Pancreatic neuroendocrine tumors (PanNETs), while histologically discrete, present their own complex diagnostic rubric. 

These tumors are characteristically synaptophysin and chromogranin A positive, frequently manifesting with MEN1, DAXX, 

or ATRX mutations, and rarely, mTOR pathway dysregulation. The Ki-67 proliferation index, as per WHO classification, 

demarcates low-grade (G1) from high-grade (G3) tumors, bearing substantial therapeutic implications. 

Recent advancements in liquid biopsy technologies—including analysis of circulating tumor DNA (ctDNA), exosomal RNA, 

and tumor-educated platelets—are pushing the frontiers of non-invasive diagnostics. Cohen et al. (2017)[4] validated the use 

of a multiplexed ctDNA assay capable of detecting KRAS mutations with sensitivity exceeding 80% and specificity 

surpassing 90%, underscoring its value in early detection, especially in high-risk cohorts. 

The tumor microenvironment (TME), often dismissed as a passive scaffold, now emerges as a crucial determinant of 

diagnostic clarity and therapeutic responsiveness. The immune cell infiltration patterns, density of regulatory T-cells (Tregs), 

tumor-associated macrophages (TAMs), and myeloid-derived suppressor cells (MDSCs) confer immunophenotypic 

signatures that may inform the application of immune-modulatory agents in select PDAC subsets, particularly in MSI-high 

or TMB-high contexts, albeit such cases are exceedingly rare (<1%). 

In summation, the histopathological and molecular terrain of pancreatic neoplasia is defined by a confluence of epithelial 

dysplasia, desmoplastic stromal perturbation, and multi-tiered oncogenic signaling aberrations. The integration of 

morphologic, immunohistochemical, and molecular diagnostics is not merely additive but synergistic, providing a 

comprehensive and granular portrait of the neoplasm that is pivotal for both prognostication and therapeutic calibration. 

Advanced Radiologic and Endoscopic Diagnostics 

The diagnostic armamentarium for pancreatic neoplasia has undergone a paradigmatic evolution from rudimentary cross-

sectional imaging toward a highly specialized and multifactorial diagnostic stratagem, wherein radiological, endoscopic, and 

molecular adjuncts coalesce into a unified framework of oncologic delineation. Given the anatomic concealment of the 

pancreas in the retroperitoneum and the cryptogenic nature of early tumorigenesis, an astute and integrative deployment of 

advanced imaging modalities is imperative for achieving precise locoregional staging, vascular involvement assessment, 

nodal status stratification, and metastatic mapping. Furthermore, the interface between radiologic visualization and 

histopathological confirmation has been substantially narrowed by refinements in real-time endoscopic tissue acquisition 

technologies. 

I. Triphasic Multidetector Computed Tomography (MDCT): Morphoanatomic Benchmarking 

Multiphase contrast-enhanced triphasic MDCT remains the cornerstone of initial diagnostic interrogation, especially in the 

context of suspected pancreatic ductal adenocarcinoma (PDAC). Employing arterial, portal venous, and delayed phases, this 

modality facilitates high-fidelity delineation of pancreatic parenchyma, ductal anatomy, peripancreatic vasculature, and 

locoregional lymphatic involvement. The sensitivity of MDCT for detecting pancreatic neoplasms >2 cm exceeds 90%, and 

its capacity to predict vascular encasement or abutment—particularly involving the superior mesenteric artery (SMA), celiac 

axis, and portal vein—renders it indispensable for surgical planning and classification into resectable, borderline resectable, 

or unresectable categories. Advanced post-processing algorithms, including 3D volume rendering, curved planar 

reformation, and dual-energy enhancement, further augment diagnostic clarity and surgical foresight. 

II. Magnetic Resonance Imaging (MRI) and Magnetic Resonance Cholangiopancreatography (MRCP): Soft Tissue 

Contrast and Ductal Architecture 

In scenarios where MDCT yields equivocal findings or where further ductal characterization is mandated, MRI with MRCP 

offers superior soft tissue resolution and functional imaging capabilities without ionizing radiation. T1-weighted sequences 
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enable the assessment of lesion vascularity and signal intensity alterations, while T2-weighted MRCP sequences delineate 

ductal dilation, strictures, and cystic lesion communication with exquisite clarity. This is particularly salient in the 

characterization of cystic pancreatic lesions such as IPMNs and MCNs, where the detection of mural nodules, septations, or 

main duct involvement portends malignant potential. Diffusion-weighted imaging (DWI), combined with apparent diffusion 

coefficient (ADC) mapping, augments the identification of high-grade lesions based on cellular density and restricted 

diffusivity. 

III. Endoscopic Ultrasound (EUS): The Apex of Real-Time Guided Tissue Procurement 

Endoscopic ultrasound (EUS), particularly when coupled with fine needle aspiration (FNA) or fine needle biopsy (FNB), 

represents the sine qua non for cytological confirmation of pancreatic lesions. The proximity afforded by the transgastric and 

transduodenal approaches enables unparalleled high-frequency ultrasound resolution of pancreatic parenchyma, 

peripancreatic lymphatics, and vascular interfaces. The meta-analytic sensitivity and specificity of EUS-FNA approach 85–

95% and 90–100%, respectively, as reinforced by Kubo et al. (2022)[7], who reported a diagnostic accuracy of 94.6% using 

core biopsy needles. Furthermore, EUS enables ancillary techniques such as contrast-enhanced harmonic EUS, elastography, 

and needle-based confocal laser endomicroscopy (nCLE), all of which expand its diagnostic utility far beyond simple 

morphological imaging. 

Contrast-enhanced EUS permits real-time assessment of vascularity within hypoechoic lesions, often distinguishing between 

hypovascular adenocarcinomas and hypervascular neuroendocrine tumors (PanNETs). Elastography offers non-invasive 

surrogates of tissue stiffness, enhancing the identification of malignant foci within fibrotic or inflamed tissue matrices. 

Meanwhile, confocal endomicroscopy renders subcellular imaging of ductal epithelium, particularly advantageous in the 

surveillance of main duct IPMNs, where standard cytology may be insufficient. 

IV. Positron Emission Tomography (PET)/CT and Functional Imaging 

Although conventional 18F-FDG PET/CT plays a limited role in early PDAC diagnosis due to low sensitivity for small 

lesions and overlapping uptake with inflammatory tissue, it remains invaluable in metastatic workup and in ambiguous post-

treatment surveillance. More recently, 68Ga-DOTATATE PET/CT, as explored by del Chiaro et al. (2020)[6], has 

revolutionized the detection and staging of PanNETs by targeting somatostatin receptor-expressing cells, achieving 

sensitivity upwards of 90%, particularly in well-differentiated neoplasms. This has superseded traditional octreotide 

scintigraphy in both diagnostic and theranostic frameworks, allowing for peptide receptor radionuclide therapy (PRRT) 

stratification. 

V. Image-Guided Percutaneous Biopsy: A Reserved Yet Vital Modality 

In lesions not amenable to endoscopic access or when EUS yields nondiagnostic specimens, image-guided percutaneous core 

biopsy—usually under CT or ultrasound guidance—remains an indispensable adjunct. However, its use is tempered by 

concerns of peritoneal seeding, particularly in potentially resectable tumors. Therefore, its utility is typically confined to 

metastatic or unresectable lesions where histologic confirmation is requisite for systemic therapy initiation. 

In toto, the diagnostic illumination of pancreatic neoplasms mandates a confluence of radiologic and endoscopic precision 

tools, each with distinct spatial, functional, and cellular resolution capacities. The transition from anatomical imaging toward 

molecular-functional visualization and real-time histologic sampling reflects the shift from an era of purely structural 

assessment to one of diagnostic theranostics—where each image serves not merely to localize but to biologically characterize 

the neoplasm in situ. The integration of advanced EUS-based interventions, functional PET imaging, and AI-driven 

radiomics may further refine this diagnostic lattice, transforming it into a scaffold upon which precision oncology may be 

scaffolded with ever-increasing fidelity. 

Pharmacotherapeutics and Chemotherapeutic Paradigms 

The pharmacological management of pancreatic neoplasms—particularly pancreatic ductal adenocarcinoma (PDAC)—has 

long represented an archetype of oncological futility, wherein therapeutic nihilism was historically justified by the formidable 

chemoresistance and profound stromal encasement characteristic of this malignancy. However, in the wake of transformative 

therapeutic recalibrations over the last decade, an incipient paradigm has emerged, wherein cytotoxic regimens are 

increasingly coupled with genomically informed targeted therapeutics and immunomodulatory strategies in an attempt to 

transgress the historically impermeable therapeutic frontier of PDAC. 

I. Cytotoxic Chemotherapeutic Regimens: From Monotherapy to Synergistic Polydrug Protocols 

The inaugural chemotherapeutic mainstay, gemcitabine, though once lauded for its marginal survival benefit, has gradually 

receded into obsolescence as monotherapy due to its inherent limitations in prolonging meaningful clinical outcomes. The 

pivotal PRODIGE 4/ACCORD 11 trial (Conroy et al., 2011)[8] heralded a new epoch in cytotoxic pharmacotherapy by 

demonstrating the superiority of the multidrug FOLFIRINOX regimen—comprising 5-fluorouracil, leucovorin, irinotecan, 

and oxaliplatin—in improving median overall survival to 11.1 months compared to 6.8 months with gemcitabine alone, albeit 

at the cost of accentuated hematologic and gastrointestinal toxicity. 
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Concomitantly, the MPACT trial (Von Hoff et al., 2013)[9] introduced nab-paclitaxel, a nanoparticle albumin-bound 

formulation of paclitaxel, in conjunction with gemcitabine, yielding a median OS of 8.5 months versus 6.7 months with 

gemcitabine monotherapy, and establishing an alternative regimen for patients with diminished Eastern Cooperative 

Oncology Group (ECOG) performance status. 

These cytotoxic assemblages achieve therapeutic efficacy not merely by direct DNA insult or mitotic disruption, but also 

through indirect modulation of the tumor microenvironment, including CAF reprogramming, transient vascular 

normalization, and augmentation of immune effector infiltration, thereby potentiating subsequent therapeutic interventions. 

II. Targeted Therapeutic Modality: Genomic Aberration as the Pharmacologic Achilles’ Heel 

In a subset of PDACs—particularly those exhibiting homologous recombination deficiency (HRD)—the advent of 

poly(ADP-ribose) polymerase (PARP) inhibitors has offered an avenue for synthetic lethality. The POLO trial (Golan et al., 

2019)[10], a randomized phase III investigation, demonstrated that maintenance olaparib significantly prolonged 

progression-free survival (PFS) to 7.4 months versus 3.8 months in BRCA1/2-mutated metastatic PDACs post-platinum 

chemotherapy, thereby inaugurating the era of maintenance-targeted therapy in pancreatic oncology. 

Beyond PARP inhibition, other molecular vulnerabilities—albeit rare—such as NTRK fusions, ALK rearrangements, and 

MSI-high phenotype (present in <1% of cases), have been therapeutically exploited using larotrectinib, crizotinib, and 

immune checkpoint inhibitors, respectively. The low prevalence of actionable mutations, however, necessitates 

comprehensive next-generation sequencing (NGS) panels to identify and appropriately stratify such candidates. 

III. Immunotherapeutic Horizons: The Struggle to Reawaken the Immunologically Cold Tumor 

The immunologic inertness of PDAC is largely attributable to its dense stromal fortress, paucity of neoantigenic expression, 

and the predominance of immunosuppressive cellular infiltrates including Tregs, MDSCs, and M2 macrophages. 

Consequently, monotherapy with immune checkpoint inhibitors (ICIs) such as anti-PD-1 or anti-CTLA-4 antibodies has 

largely failed to demonstrate survival benefit in unselected PDAC cohorts. 

Nonetheless, combinatorial regimens employing CD40 agonists, TLR9 ligands, CSF1R inhibitors, or stromal depletion 

agents (e.g., PEGPH20) have shown immunogenic reprogramming effects in preclinical and early-phase trials. The seminal 

work by Beatty et al. (2015)[11] demonstrated that agonistic CD40 activation in tandem with gemcitabine augmented T-cell 

infiltration and tumor regression in murine models, forming the basis for subsequent translational trials. 

IV. Stromal and Metabolic Targeting: Navigating the Non-Cell Autonomous Oncogenic Landscape 

The stroma of PDAC, constituting up to 90% of tumor mass, acts not only as a physical barrier but also as a biochemical 

sanctuary for neoplastic cells. The failed HALO-301 trial, which evaluated PEGPH20 (a hyaluronidase) in combination with 

nab-paclitaxel and gemcitabine, underscored the complex bidirectional dynamics between stromal disruption and tumor 

aggressiveness, wherein excessive stromal lysis paradoxically augmented metastatic dissemination in some contexts 

(Hingorani et al., 2018)[13]. 

Parallel exploration into glutamine antagonists, autophagy inhibitors (e.g., hydroxychloroquine), and oxidative 

phosphorylation blockers reflects a burgeoning interest in disrupting the metabolic plasticity of PDAC, which relies heavily 

on non-canonical nutrient scavenging and lactate shuttling to thrive in its hypoxic niche. 

V. Neoadjuvant and Adjuvant Pharmacotherapeutic Strategy 

The oncologic calculus of resectable and borderline resectable PDAC has been irrevocably altered by the incorporation of 

neoadjuvant chemotherapy and chemoradiotherapy. The PREOPANC trial (Versteijne et al., 2020)[12] established that 

neoadjuvant gemcitabine-based chemoradiation significantly improved R0 resection rates (63% vs 31%) and median overall 

survival (17.1 vs 13.5 months) compared to upfront surgery. 

Adjuvantly, the ESPAC-4 trial favored gemcitabine-capecitabine over gemcitabine monotherapy, with median OS improving 

to 28.0 months versus 25.5 months, suggesting a synergistic benefit from dual-agent therapy. 

Prognostic Indicators and Tumor Microenvironment 

The desmoplastic stroma, a hallmark of PDAC, contributes to hypoperfusion, chemoresistance, and immune evasion. 

Targeting stromal components like Hedgehog signaling, CAF inhibitors, and enzymatic digestion of hyaluronan (PEGPH20 

trials) is under active exploration (Hingorani et al., 2018)[13]. 

CA19-9 remains a limited but widely used biomarker, with levels >1000 U/mL suggesting unresectability and worse 

outcomes. Novel biomarkers, including Thy1, CEA-CAM6, and Ang2, are under translational validation. 
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Study Sample 

Size 

OS 

(months

) 

Diagnostic Modality Treatment Key Outcomes 

Conroy et al., 2011 

(FOLFIRINOX) 

342 11.1 Imaging + biopsy FOLFIRINO

X 

Increased OS vs 

gemcitabine 

Von Hoff et al., 2013 

(MPACT) 

861 8.5 CT/EUS Gem + nab-

paclitaxel 

Improved OS 

Golan et al., 2019 (POLO) 154 7.4 

(PFS) 

Genetic testing Olaparib BRCA-targeted PFS 

benefit 

Versteijne et al., 2020 

(PREOPANC) 

246 17.1 EUS + CT Neoadj CRT Better R0, OS 

Bailey et al., 2016 456 — Molecular profiling — Transcriptomic 

subtypes 

Cohen et al., 2017 221 — ctDNA assay — Diagnostic accuracy 

90% 

Hingorani et al., 2018 279 — Imaging + biopsy PEGPH20 + 

chemo 

Failed primary 

endpoint 

Beatty et al., 2015 22 — Molecular 

immunophenotype 

CD40 + 

gemcitabine 

Immune activation 

seen 

Kubo et al., 2022 398 — EUS-FNA — Accuracy 94.6% 

del Chiaro et al., 2020 115 — Ga-DOTATATE 

PET 

Surgery Staging accuracy 

improved 

Hruban et al., 2019 — — Histology — Morphological 

classification 

Waddell et al., 2015 456 — Exome seq — Mutational burden 

defined 

Sung et al., 2021 GLOB

OCAN 

— — — Global 

epidemiology 

Table 1:Statistical Synthesis Across 13 Studies 

Molecular 

Marker 

Prevalence in 

PDAC/PanNET 

Diagnostic/Prognostic Role 

KRAS mutation ~90–95% in PDAC Initiating oncogenic event; poor prognosis 

TP53 mutation 70–75% in PDAC Tumor suppressor loss; genomic instability 

CDKN2A/p16 

loss 

90–95% in PDAC Cell cycle dysregulation; early event 

SMAD4/DPC4 

deletion 

50–60% in PDAC Marker of aggressive biology; poor overall survival 

BRCA1/2 

mutation 

4–7% in PDAC Predictive of PARP inhibitor sensitivity 

MSI-High 

phenotype 

<1% in PDAC Predictive of immune checkpoint inhibitor responsiveness 

NTRK fusion <1% in PDAC Targetable with TRK inhibitors 
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DAXX/ATRX 

loss 

30–40% in PanNET Associated with alternative lengthening of telomeres; seen in well-

differentiated NETs  

Table 2: Molecular Markers and Their Diagnostic & Prognostic Utility in Pancreatic Neoplasia  

 

Modality Primary Utility Sensitiv

ity (%) 

Advantages 

Triphasic MDCT Resectability assessment, 

vascular involvement 

90–95% Widely available; excellent spatial and 

vascular resolution 

MRI + MRCP Cystic lesion characterization, 

ductal anatomy 

85–90% Superior soft tissue contrast; non-ionizing 

EUS-FNA/FNB Real-time guided tissue 

diagnosis 

85–95% Enables molecular profiling; precise 

locoregional evaluation 

68Ga-DOTATATE 

PET/CT 

PanNET staging and detection >90% High sensitivity for neuroendocrine tumors; 

theranostic alignment 

FDG-PET/CT Metastasis evaluation, post-

treatment surveillance 

~80–

85% 

Functional metabolic imaging; whole-body 

staging 

Contrast Harmonic 

EUS 

Vascular pattern analysis in 

solid lesions 

~88% Distinguishes hypervascular PanNETs from 

hypovascular PDAC 

EUS-Elastography Malignancy prediction based on 

stiffness 

~84% Non-invasive tissue characterization 

Confocal Laser 

Endomicroscopy 

Real-time in vivo epithelial 

imaging 

~80% Subcellular resolution; ideal for IPMN 

surveillance  

 

Table 3: Diagnostic Modalities in Pancreatic Neoplasia – Utility, Accuracy, and Comparative Merits 

3. DISCUSSION 

The collective synthesis of the thirteen meticulously curated studies elucidates the multifaceted, deeply recalcitrant biological 

and therapeutic nature of pancreatic neoplasms, particularly pancreatic ductal adenocarcinoma (PDAC), wherein an intricate 

interplay between genetic aberrancy, histopathological pleomorphism, and therapeutic intractability predicates the dismal 

prognosis that continues to haunt the domain of gastrointestinal oncology. The seminal study by Conroy et al. (2011)[8], 

introducing the FOLFIRINOX regimen, heralded a seismic paradigm shift in metastatic PDAC therapeutics by demonstrating 

a statistically significant prolongation in overall survival—11.1 months versus 6.8 months with gemcitabine alone—thereby 

substantiating the therapeutic imperative of intensified, multidrug cytotoxic orchestration in patients with preserved 

performance status. This is further substantiated by Von Hoff et al. (2013)[9], whose validation of nab-paclitaxel in tandem 

with gemcitabine not only provided an alternative cytotoxic scaffold for less robust patients but also underscored the role of 

nanotechnology in overcoming stromal sequestration—a phenomenon that has historically obviated drug bioavailability 

within the desmoplastic PDAC microenvironment. 

In contraposition to conventional cytotoxic dogma, Golan et al. (2019)[10], through the POLO trial, delineated a 

therapeutically transformative role for maintenance PARP inhibition in BRCA-mutated PDAC—a molecular phenotype 

present in approximately 4–7% of patients—wherein olaparib conferred an impressive doubling of progression-free survival 

vis-à-vis placebo. This trial not only affirmed the clinical utility of synthetic lethality in homologous recombination-deficient 

tumors but simultaneously inaugurated an era of biomarker-driven stratification in a malignancy long thought to be 

genomically barren of actionable targets. Complementing this targeted narrative, Bailey et al. (2016)[5] performed a 

transcriptomic deconvolution that revealed four discrete molecular subtypes of PDAC, each endowed with distinct ontogenic, 

stromal, and immunological signatures. This typological reconfiguration—classical, squamous, ADEX, and immunogenic—

not only affords a molecular rationale for differential chemosensitivity and prognosis but also posits a compelling argument 

for subtype-specific therapeutic customization in future clinical trial frameworks. 
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The diagnostic paradigm too underwent profound refinement across the studies analyzed. Kubo et al. (2022)[7] underscored 

the near-perfect diagnostic accuracy of EUS-guided fine needle aspiration, particularly with histology-preserving biopsy 

needles, reinforcing the indispensability of real-time endoscopic tissue procurement in guiding both histopathological 

verification and subsequent molecular interrogation. The augmentation of this diagnostic strategy with liquid biopsy 

platforms, as demonstrated by Cohen et al. (2017)[4], offers an unprecedented minimally invasive avenue for early detection 

and recurrence surveillance via ctDNA and exosomal profiling, exhibiting sensitivity and specificity that challenge 

conventional imaging thresholds. Concurrently, del Chiaro et al. (2020)[6] highlighted the superiority of 68Ga-DOTATATE 

PET/CT in the staging and management of PanNETs, an endocrine lineage variant of pancreatic neoplasms, where traditional 

anatomical imaging often fails to delineate the full extent of metastatic burden. 

On the surgical front, the PREOPANC trial (Versteijne et al., 2020)[12] served as a clarion call for the integration of 

neoadjuvant chemoradiotherapy in borderline resectable disease, significantly elevating R0 resection rates (63% vs 31%) 

and median OS—a vindication of the hypothesis that downstaging prior to surgical extirpation yields both anatomical and 

immunological dividends. The data presented by Hruban et al. (2019)[2] and Waddell et al. (2015)[3] further cement the 

necessity of histogenomic convergence: wherein morphologic subtleties—such as perineural invasion, glandular 

heterogeneity, and mucinous transformation—must be integratively reconciled with the presence or absence of key molecular 

alterations such as KRAS, SMAD4, TP53, and CDKN2A, each of which portends distinct phenotypic behavior and 

therapeutic susceptibility. 

The investigation by Hingorani et al. (2018)[13], in its exploration of PEGPH20-based stromal depletion therapy, 

simultaneously illuminated the potential and pitfalls of tumor microenvironment modulation—suggesting that while 

hyaluronic acid-targeted degradation may transiently enhance chemotherapeutic perfusion, indiscriminate stromal lysis may 

paradoxically exacerbate metastatic egress through the obliteration of mechanical containment. Complementarily, the 

immunotherapeutic exploration by Beatty et al. (2015)[11], wherein CD40 agonism was utilized to circumvent the immune-

exclusionary phenotype of PDAC, provided early evidence of myeloid cell reprogramming and T-cell infiltration in an 

otherwise immune-desert malignancy—findings that may prove foundational for future combinatorial regimens integrating 

cytotoxic, immunologic, and stromal-targeting agents. 

In concert, these studies bespeak a burgeoning, albeit embryonic, convergence toward precision pancreato-oncology—an 

interdisciplinary nexus wherein therapeutic decisions are no longer made solely on anatomical staging but are instead driven 

by a multifactorial matrix incorporating histopathological subtyping, molecular genotype, transcriptomic expression, 

metabolic signature, and immune microenvironmental constitution. Such a transformation necessitates not only diagnostic 

alacrity but also the structural reformation of clinical trial architectures to permit dynamic biomarker-enriched stratification, 

adaptive therapeutic algorithms, and organoid-guided drug testing platforms. The sum of these thirteen studies thus represents 

not a culmination, but rather a prelude—a clarion heralding the inexorable shift from empirical palliation to truly bespoke 

oncologic stewardship in the management of pancreatic neoplasms.  

Now, Pediatric pancreatic neoplasms, though comprising an exceedingly rare and clinically elusive subset of pediatric 

abdominal malignancies, pose a unique diagnostic and therapeutic labyrinth owing to their protean histopathological profiles, 

delayed symptomatology, and divergent molecular ontogeny when juxtaposed with their adult counterparts. Constituting 

<0.2% of all pediatric tumors and approximately 0.1% of pancreatic neoplasms overall, these entities challenge conventional 

paradigms of pancreatic oncology, primarily derived from adult-centric data (Koea et al., 2004; Sultan et al., 2014). 

The ontogenesis of pediatric pancreatic neoplasia is governed by a distinct embryologic and molecular rubric. Unlike adult 

pancreatic ductal adenocarcinoma (PDAC)—which follows a metachronous trajectory of PanIN-IPMN-MCN precursor 

lesions culminating in KRAS-driven malignant transformation—the pediatric landscape is dominantly occupied by solid 

pseudopapillary neoplasms (SPNs), pancreatoblastomas, and pancreatic neuroendocrine tumors (PanNETs), each bearing 

unique embryonal or progenitor cell derivations. SPNs, predominantly afflicting adolescent females, represent enigmatic 

lesions histologically characterized by pseudopapillary architecture with areas of cystic degeneration and hemorrhage. 

Immunohistochemical profiling frequently demonstrates aberrant nuclear accumulation of β-catenin owing to CTNNB1 gene 

mutations, a pathognomonic aberration that is conspicuously absent in adult PDAC (Tanaka et al., 2010). Furthermore, 

pancreatoblastomas—a veritable pediatric analog of acinar cell carcinoma—display a biphasic architecture composed of 

acinar and squamoid corpuscles, with frequent associations to Beckwith-Wiedemann syndrome and APC/β-catenin pathway 

disruptions, hinting at Wnt pathway dysregulation as a central carcinogenic theme. 

From a radiologic vantage, pediatric pancreatic neoplasms defy classical imaging signatures. SPNs typically present as well-

circumscribed, encapsulated masses with internal hemorrhage evident on T1-weighted MRI. Pancreatoblastomas, in contrast, 

often manifest as large, lobulated, heterogeneous masses with calcific foci and vascular encasement, potentially mimicking 

hepatoblastomas or retroperitoneal sarcomas. These atypical radiologic phenotypes necessitate high clinical suspicion and 

often mandate histopathological confirmation via EUS-FNB or image-guided biopsy, techniques borrowed from adult 

protocols yet underutilized in pediatric oncology due to perceived procedural invasiveness. 

Therapeutically, the pediatric cohort often benefits from a more indolent biological behavior and a higher index of surgical 
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curability. SPNs, despite their ominous histomorphology, often follow a benign course if completely resected, with 

recurrence rates below 5% and excellent long-term survival. Pancreatoblastomas, however, necessitate multimodal 

intervention including neoadjuvant chemotherapy (commonly with cisplatin, doxorubicin, etoposide) especially when 

presenting with unresectable or metastatic disease, although standardized pediatric-specific regimens remain nebulous due 

to paucity of randomized data (Dhebri et al., 2004). 

Of paramount interest is the increasingly appreciated epigenetic and transcriptomic divergence between pediatric and adult 

pancreatic tumors. Recent sequencing endeavors have elucidated that pediatric pancreatic tumors, especially PanNETs and 

SPNs, harbor lower tumor mutational burdens, fewer chromosomal aneuploidies, and relatively silent microsatellite 

landscapes, thereby reducing their susceptibility to conventional immune checkpoint blockade strategies. However, the 

presence of specific pathway dysregulations—namely Wnt/β-catenin, PI3K/AKT/mTOR, and Hedgehog signaling—opens 

avenues for tailored therapeutic targeting. Investigational therapies involving Notch and mTOR inhibition have shown 

promise in preclinical SPN models, although translation to pediatric oncology remains speculative and hampered by trial 

inaccessibility and ethical conundrums. 

Parameter Pediatric Pancreatic Neoplasms Adult Pancreatic Neoplasms 

Epidemiologic

al Incidence 

Extremely rare (<0.2% of all pediatric 

tumors); incidence ~0.004 cases per 100,000 

children/year (Sultan et al., 2014) 

Relatively common; 7th leading cause of 

cancer-related deaths globally (Sung et al., 

2021)[1] 

Predominant 

Histologic 

Subtypes 

Solid pseudopapillary neoplasm (SPN), 

pancreatoblastoma, pancreatic 

neuroendocrine tumor (PanNET) 

Pancreatic ductal adenocarcinoma (PDAC), 

PanNETs, mucinous cystic neoplasms (MCN), 

intraductal papillary mucinous neoplasms 

(IPMN) 

Age and 

Gender 

Predilection 

SPNs: Predominantly adolescent females 

(mean age 13–16); Pancreatoblastomas: <10 

years 

PDAC: Predominantly 6th–8th decade, male 

predominance 

Oncogenic 

Pathways 

Frequent Wnt/β-catenin (CTNNB1) 

mutations in SPNs; APC loss, chromosome 

11p abnormalities in pancreatoblastomas 

KRAS (~95%), TP53 (~75%), SMAD4 (~55%), 

CDKN2A (~90%) mutations in PDAC 

Tumor 

Microenviron

ment 

Less desmoplastic; lower 

immunosuppressive infiltrates 

Profoundly desmoplastic; CAF-rich stroma; 

immunologically “cold” microenvironment 

Tumor 

Mutational 

Burden 

(TMB) 

Low TMB; minimal chromosomal instability High TMB in subsets; associated with genomic 

instability and metastatic proclivity 

Clinical 

Manifestation

s 

Abdominal mass, pain, vomiting, jaundice; 

often late presentation 

Weight loss, back pain, anorexia, painless 

jaundice; often vague and insidious 

Radiologic 

Phenotype 

SPN: Well-encapsulated, hemorrhagic 

lesions with mixed echotexture; 

Pancreatoblastoma: Large, lobulated, 

heterogeneous masses 

PDAC: Ill-defined, hypovascular masses with 

ductal dilatation and perineural invasion 

Serologic 

Biomarkers 

Non-specific; CA19-9 rarely elevated CA19-9 widely used; elevated in >80% of 

PDAC but lacks specificity 

Therapeutic 

Approach 

Surgical resection often curative in SPNs; 

Pancreatoblastomas require multimodal 

chemotherapy; no standardized pediatric 

trials 

FOLFIRINOX, gemcitabine/nab-paclitaxel, 

neoadjuvant chemoradiotherapy, targeted agents 

(e.g., olaparib), emerging immunotherapies 

Immunohistoc

hemistry 

(IHC) 

SPNs: β-catenin nuclear staining, CD10+, 

vimentin+, progesterone receptor+ 

PDAC: CK7+, CK19+, MUC1+, aberrant p53, 

SMAD4 loss 
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Molecular 

Targetability 

Limited; emerging Wnt, mTOR, and Notch 

pathway targets 

BRCA1/2 (PARP inhibitors), MSI-H (ICIs), 

NTRK fusions (larotrectinib), ALK (crizotinib) 

Prognosis and 

Survival 

Excellent for SPNs (5-year survival >95%); 

Pancreatoblastoma survival dependent on 

stage and completeness of resection 

PDAC: 5-year survival <10%; prognosis highly 

dependent on stage, molecular subtype, and 

resectability 

Genetic 

Syndromes 

Associated 

Beckwith-Wiedemann syndrome 

(pancreatoblastoma); Familial adenomatous 

polyposis 

Lynch syndrome, Peutz–Jeghers, hereditary 

pancreatitis, BRCA mutations 

Table 4 -Comparative Nosological and Therapeutic Appraisal of Pediatric Versus Adult Pancreatic Neoplasms 

 

Tumor Type Principal 

Oncogenic 

Pathways 

Key Genetic 

Alterations 

Molecular 

Diagnostics 

Targetable 

Nodes / 

Investigational 

Agents 

Therapeutic 

Implication 

Solid 

Pseudopapilla

ry Neoplasm 

(SPN) 

Canonical 

Wnt/β-

catenin 

Signaling 

Activating 

mutation in 

CTNNB1 (exon 

3); nuclear 

translocation of β-

catenin 

IHC: β-catenin 

(nuclear), 

CD10+, PR+, 

vimentin+; 

Absence of 

KRAS or 

TP53 

mutations 

Experimental 

Wnt inhibitors 

(e.g., LGK974, 

PRI-724); 

tankyrase 

inhibitors 

Potential future 

applicability of Wnt 

axis blockade; 

rationale for 

endocrine 

modulation due to 

PR positivity 

Pancreatoblas

toma 

Wnt/β-

catenin, 

Notch, IGF2 

overexpressi

on; 

Hedgehog 

pathway 

APC deletions, 

CTNNB1 

mutations, LOH 

at 11p15 

(Beckwith-

Wiedemann 

locus); 

overexpression of 

IGF2 and MDM2 

IHC: β-catenin 

(nuclear), 

AFP+, 

trypsin+, 

chymotrypsin

+, CD56+ 

IGF1R inhibitors 

(e.g., linsitinib); 

Hedgehog 

inhibitors (e.g., 

vismodegib); 

MDM2 

antagonists 

Multimodal 

chemotherapy; 

Hedgehog and IGF 

axis are potential 

targets in 

chemoresistant/meta

static disease 

Pancreatic 

Neuroendocri

ne Tumors 

(PanNETs) 

mTOR/PI3K

/AKT axis; 

chromatin 

remodeling; 

MEN1-

associated 

tumorigenesi

s 

Mutations in 

MEN1, DAXX, 

ATRX; mTOR 

pathway 

activation; loss of 

ALT regulation 

IHC: 

Synaptophysin

+, 

Chromogranin 

A+, Ki-67 

index-based 

grading; 

DAXX/ATRX 

nuclear loss by 

IHC 

mTOR inhibitors 

(everolimus, 

temsirolimus); 

anti-VEGF 

therapies 

(sunitinib); 

Peptide Receptor 

Radionuclide 

Therapy (PRRT) 

with 177Lu-

DOTATATE 

Favorable response 

to mTOR inhibition; 

somatostatin 

receptor expression 

supports PRRT; Ki-

67 guides grade-

based therapy 

Acinar Cell 

Carcinoma 

(rare in 

pediatrics) 

MAPK, 

RAF-MEK-

ERK, and 

PI3K 

pathways; 

BRAF 

fusions 

BRAF fusions 

(e.g., SND1-

BRAF), TP53 

mutations; 

increased 

trypsin/chymotry

psin production 

IHC: 

Trypsin+, 

BCL10+, 

cytokeratin 

7−/20−; FISH 

or NGS for 

BRAF fusions 

MEK inhibitors 

(trametinib); 

pan-RAF 

inhibitors (e.g., 

LXH254) 

Rare entity; BRAF-

targeted therapy 

may be considered 

in refractory disease 



Dr. Suhena Sarkar , Dr Birupaksha Biswas, Dr Kaustuv Banerjee , Jefri S. Bale, Paul 

G. Tamelan  

pg. 6129 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s 

 

Undifferentiat

ed Carcinoma 

with 

Osteoclast-like 

Giant Cells 

(very rare 

pediatric 

presentation) 

Not well 

defined; 

shares 

pathways 

with high-

grade PDAC 

KRAS, TP53, 

CDKN2A 

mutations 

Histopathologi

cal correlation 

with 

osteoclast-like 

multinucleate 

cells; p53 

aberrancy 

Limited; 

extrapolated 

chemotherapy 

regimens from 

adult high-grade 

PDAC 

Prognosis dismal; 

lacks clear pediatric 

guidelines; 

exploration of 

immunotherapy 

under investigation 

Table 5 - Molecular Signatures and Emerging Targetable Pathways in Pediatric Pancreatic Neoplasms 

Furthermore, the tumor microenvironment (TME) of pediatric pancreatic neoplasms appears less desmoplastic and 

immunosuppressive compared to adult PDAC, potentially accounting for their superior surgical outcomes and reduced 

chemoresistance. Yet, the paradox lies in the lack of immune effector cell infiltration or neoantigenic expression, rendering 

these tumors immunologically inert and resistant to monotherapy with checkpoint inhibitors. It is thus posited that 

combinatorial immuno-oncology strategies, incorporating TME sensitizers and stromal remodeling agents, may be more 

efficacious in overcoming this immunologic impasse. 

Despite these differences, pediatric pancreatic neoplasms continue to suffer from significant diagnostic delays owing to their 

non-specific symptomatology, often culminating in large tumor burdens at presentation. Abdominal pain, palpable mass, and 

obstructive jaundice dominate clinical presentations but are often misattributed to more benign causes in pediatric age groups. 

Moreover, the absence of standardized diagnostic algorithms and the rarity of the condition impede the establishment of 

population-based screening or surveillance protocols. 

In summation, pediatric pancreatic neoplasms represent an ontologically, histopathologically, and therapeutically distinct 

consortium of malignancies that challenge the adult-centric paradigms of pancreatic oncology. The relative indolence of 

SPNs, the embryonal aggressiveness of pancreatoblastomas, and the protean behavior of PanNETs necessitate a highly 

individualized, histotype-specific approach to diagnosis, staging, and therapy. It is imperative that future pediatric oncology 

frameworks integrate molecular diagnostics, advanced imaging modalities, and bespoke therapeutic stratagems tailored to 

these rare entities. Furthermore, collaborative international registries and inclusion of pediatric cohorts in broader pancreatic 

oncology trials may pave the way toward evidence-based protocols, ensuring that the therapeutic nihilism often imposed by 

rarity is replaced with a precision-based optimism for pediatric pancreatic neoplasia. 

4. CONCLUSION 

In summation, the therapeutic and diagnostic landscape of pancreatic neoplasia—particularly pancreatic ductal 

adenocarcinoma (PDAC)—exists as a formidable testament to the multidimensional complexity that defines oncologic 

medicine in its most refractory form. The collective corpus of contemporary literature, as critically assimilated through this 

systematic synthesis of thirteen meticulously curated, peer-reviewed studies, delineates not merely a static compendium of 

isolated advances, but rather a dynamic and ever-evolving constellation of interlocking paradigms spanning genomics, 

pathology, radiological precision, pharmacotherapeutics, immunobiology, and surgical intervention. 

The grim natural history of PDAC, historically characterized by nihilistic prognostication, an unforgiving stromal 

desmoplasia, and a biologically inert immune milieu, is undergoing a slow yet discernible transformation toward actionable 

molecular understanding. The traditional empiricism of monotherapeutic cytotoxic regimens has been incrementally usurped 

by evidence-backed polypharmacologic strategies such as FOLFIRINOX and gemcitabine plus nab-paclitaxel, which now 

form the cytotoxic backbone in advanced disease. Yet, the true metamorphosis lies in the nascent convergence between 

histomolecular diagnostics and targeted therapeutic interventions, exemplified by the clinical translation of PARP inhibitors 

for BRCA-mutated subtypes, the refinement of EUS-FNA and liquid biopsy modalities for real-time tumor interrogation, 

and the use of tumor transcriptomics to discern therapeutic responsiveness based on phenotypic subtypes such as the classical, 

squamous, and immunogenic variants. 

Additionally, the transformation of the perioperative approach, as demonstrated in neoadjuvant protocols like PREOPANC, 

has redefined the anatomical and oncologic resectability calculus. This is a testimony to the evolving appreciation of PDAC 

as a systemic disease masquerading in a locoregional presentation, where micrometastatic dissemination may precede overt 

nodal involvement, thereby necessitating pre-emptive systemic therapy prior to any surgical extirpation. Moreover, the 

progressive incorporation of immunological sensitisers, CAF reprogramming agents, and TME-targeting therapeutics, albeit 

currently in the investigational stage, bespeak a shifting paradigm—one that seeks to subvert the dogma of immune 

invisibility and chemoresistance through microenvironmental recalibration. 

In essence, the future of pancreatic oncology lies not in the additive progression of isolated treatment modalities, but rather 

in a synergistic orchestration of multidisciplinary interventions, wherein genomics, proteomics, metabolomics, and real-time 
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immunoprofiling are harmonised into a theranostic algorithm tailored for each patient. The need of the hour is a continued 

investment into biomarker-enriched trial designs, organoid-based ex vivo drug testing, AI-powered radiologic interpretation, 

and the integration of translational science into surgical timing and stratification. Only through such a holistically convergent, 

biologically tailored, and dynamically adaptive framework can the recalcitrant enigma of pancreatic neoplasia be 

progressively unraveled, if not entirely conquered. 
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