INTERNATIONAL JOURNAL OF HEALTH & MEDICAL RESEARCH
ISSN(print): 2833-213X, ISSN(online): 2833-2148

Volume 04 Issue 01 January 2025

DOI : 10.58806/ijhmr.2025.v4i1n05

Page No. 22-26

Histopathological Changes in Pancreatic Cancer: A Review Article

Sawsam Jaseim Al-Harbi!, Ali A. Al-fahham?
! Department of Human Anatomy, College of Medicine, University of Babylon, Iraq
2 Faculty of Nursing, University of Kufa, Iraq

ABSTRACT: Pancreatic cancer is one of the most fatal neoplasias worldwide due to diagnosis at a late stage and poor rates of
survival. A highly aggressive neoplasm induces profound histopathological changes and complexity in the microenvironment of the
tumor. This review synthesizes recent research findings on the histopathological changes associated with pancreatic cancer,
highlights knowledge gaps, and suggests future directions for research. Pancreatic ductal adenocarcinoma is an extremely malignant
form of cancer characterized by increased incidence rates and very low rates of survival. Increasing attention to aspects related to
risk factors, diagnostics, treatment, and outcomes is becoming mandatory. The present review synthesizes the existing research
findings on the etiology of pancreatic cancer, focusing on the main elevated risk factors and genetic sources that explain the
histopathological shifts produced during all stages of the illness.
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INTRODUCTION

Pancreatic cancer, in particular pancreatic ductal adenocarcinoma (PDAC), is an aggressive solid tumor that demonstrates marked
histopathological changes and complexity in the tumor microenvironment. The interactions between its epithelial and stromal
components are key factors that drive both its pathobiology and therapeutic responsiveness influencing patient prognosis. To better
understand the current advances in pancreatic cancer, further research is required to elucidate the current gaps in knowledge. A
detailed evaluation of the burden of pancreatic disorders, among them acute and chronic pancreatitis, cannot be omitted when
discussing pancreatic cancer. The role of life habits in this disease has been a noteworthy focal issue in studies by Yadav and
Lowenfels (2013). These results clearly warrant attention to the changeable risk factors and smoking and alcohol-free lifestyles as
recommended primary preventives. Rawla et al. (2019) also reinstated the influence of tobacco smoking, diabetes, obesity, and
chronic pancreatitis as major risk factors. The importance of the need to know these factors is stressed by the fact that the survival
rate is low for people diagnosed with pancreatic cancer, which of course strengthens the need for primary prevention efforts. In
addition, disparities in incidence between racial groups on which data were available, with Afro-Americans having a high incidence,
underlining how demographic factors can influence disease etiology (Yadav & Lowenfels, 2013).

Genetic factors contribute significantly to the etiology of pancreatic cancer. Ilic and Ilic (2016) put the RAS gene into much focus
on mutations, specifically KRAS, a high-prevalence mutation in pancreatic ductal adenocarcinoma (PDAC). The contribution of
genetic predisposition is expanded by Amrutkar and Gladhaug (2017) by throwing more light on familial aggregation involving a
genetic base for susceptibility, where inherited traits have the capacity to make a significant contribution to the development of the
disease. The increasing evidence supports the association of lifestyle factors, in particular, obesity and pancreatic cancer risk. New
evidence of the link of obesity to cancer was surveyed by Maisonneuve and Lowenfels (2015), stressing the importance of the
biological mechanisms through which such associations may be realized. At present, such a relationship gives prospects for lifestyle
intervention to reduce the risk of pancreatic cancer. The findings of modifiable risk factors were also found by Witkiewicz et al.
(2015) in their demand to better understand genetic diversity within this disease for possible therapeutic targets. It is only from a
scrutiny of such myriad risk factors that one can start to get an appreciation of just how complex the issue of pancreatic cancer
etiology is and the need for a comprehensive approach to prevention.

Identifying individuals at high risk for pancreatic cancer is under increased collective study. To further prove how screening
techniques are inadequate to give early enough discovery of pancreatic lesions and subsequent possibilities for interventions, I agree
with Waters and Der (2018) in their work on the importance of having effective methods of screening. An understanding of the risk
factors would enhance the prevailing screening strategies that aim to improve outcomes among patients at risk. This relates to the
argument by Maisonneuve and Lowenfels (2015), stressing important knowledge of neoplastic development from pancreatic lesions
towards the objective of a review process— development of feasible preventive strategies based on an understanding of pancreatic
cancer etiology. Therefore, specific early detection options need to be created and implemented.
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Conclusively, besides the established risk factors and genetic associations, there exist enormous gaps in the understanding of
pancreatic cancer etiology. Not only are there no specific targeted research studies focusing on mechanisms that drive racial
disparities with their influence on pancreatic cancer outcomes, but also some interactions that throw future research towards
demographic factors dependent on lifestyle and genetic risks. Histopathological knowledge relating to pancreatic cancer several
lapses: even with the increased recognition of the influence of stroma and immune microenvironment on tumor progression and
treatment response, specific molecular pathways in these mechanisms remain to be clarified. The influence of genetic heterogeneity
also needs further investigation regarding its impact on histopathological features and treatment outcomes. Such questions demand
a longitudinal research design tracking changes as tumors evolve throughout their proposed treatments. Advanced imaging can be
integrated with histopathological assessments to gain ever deeper insights into the dynamic features of the tumor microenvironment.
Exploring interactions between histopathological features and new therapeutic agents may bring to light potential biomarkers in
forecasting treatment response and prognosis for such patients.

HISTOPATHOLOGICAL CHANGES

The tumor microenvironment in pancreatic cancer comprises predominantly a large stromal fraction, which hinders molecular
classification and compromises tumor biology. In a study by Maurer et al. (2019), laser capture microdissection and RNA sequencing
were applied to profile gene expression in PDA epithelium and stroma from matched pairs, finding a marked disparity in the
proportion of these two tissues within cohorts. This diversity serves as evidence in support of the claim that the stroma plays a
critical role in determining the molecular characteristics of the tumor, thus enforcing the notion that histopathological features must
be considered in molecular classification systems for the enhancement of prognostic accuracy concerning treatment strategies.

The immune contexture in pancreatic cancer has been argued by Karamitopoulou (2019) to be driven by crosstalk between molecular
and histopathological characteristics that may be biomarkers linked with patient outcome. Identified interrelation between such
features has been brought to attention by Wartenberg et al. (2018) for Regulatory T cells and Tumor budding features, forecasting
clinical outcome. Such observations underline the importance of the concurrent histopathological evaluation of immune and stromal
elements of the tumor microenvironment.

Pancreatic ductal adenocarcinoma was detailed by Collisson et al. (2019) into discrete molecular subtypes that essentially correlate
with specific histopathological features. Particularly, these features might as well be regarded to reflect the biological behavior and
aggressiveness of the tumor—for example, influence from desmoplasia and immune cell infiltration. As Makohon-Moore et al.
(2017) put it, limited diversity in known driver gene mutations among metastases may reflect that an understanding of the context
dependent on histopathology may also provide insight regarding tumor evolution and mechanisms of therapy resistance.

Moncada et al. (2020) reports that spatial transcriptomics can be vital in understanding the tissue architecture of PDACs and
therefore need to discuss the histopathological changes relating to the nature of the tumor. Such a finding gives a more specialized
impression of how histopathological features truly impact gene expression profiles and, by extension, the behavior of the tumor.
Precursor lesion identification is essential for understanding the histopathologic changes that evolve into invasive pancreatic cancer.
As highlighted by Hidalgo et al. (2015), the morphological presentation and genetic alterations with these lesions raise the ultimate
need for an early histopathologic examination to avert the progression of such lesions to invasive cancer.

However, the most direct evidence of the association of histopathological features with treatment outcomes is the unveiling of
treatment studies. According to Wu et al. (2019), treatment efficacy as well as safety outcomes may be dependent on the
histopathological features that underlie the condition. The results strongly proved further reasons as to why a histopathological
examination should be forced into treatment planning for all patients. These findings further support evidence for triptolide inducing
a reversal of epithelial-mesenchymal transition (EMT) and stem-like features in PDA, which has allowed its therapeutic effects to
be enhanced through changes being directed in pathology.

Histopathological analysis of PDAC reveals highly stromal desmoplasia, mainly important for tumor progression, and immune cell
infiltration. Thus, the dynamics of tumor stroma and immune cells were described regarding patient outcomes and the response to
therapy. An observation by Mahajan et al. regarding some typical immune cell markers CD3, CD4, CD8 correlated with PFS may
already serve to show how detailed histopathological assessment may qualify as a predictive factor for PDAC. Better recognition
of precursor lesions: IPMNs and PanIN in the evaluation of morphological progression toward invasive PDAC. Wang et al. have
recently classified the pathways from IPMNs to PDACs into de novo and sequential subtypes, a finding that highlights the increasing
importance for earlier recognition by pathologists of these characteristic histological patterns.

A body of literature has uncovered substantial molecular and transcriptional heterogeneity within PDAC. A unifying paradigm was
proposed by Hayashi et al. (2020) to return it into a coherent whole, positioning transcriptional heterogeneity in perspective with
squamous features of PDAC, arguing that through histological characterization the biological behavior of the tumor can be defined.
This underscores the importance of the role played by histopathology in appropriately classifying PDAC into biologically relevant
categories that are capable, in turn, of guiding treatment strategies and improving prognostication.

Conversely, UC was recently described by Kalimuthu et al. (2019), which we consider to be a typical variant of PDAC.
Undifferentiated Carcinoma with Osteoclast-like Giant Cells (UCOGC) genetic alterations it shares with standard PDAC. This
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observation emphasizes the urgent need for careful histopathologic examination in which different variants should be distinct to
ensure the right diagnosis and treatment approach.

Advanced imaging, especially radiomics and integration with histopathologic data, holds a promise of stepping toward the
enhancement of diagnostic capability. Radiomics features may be able to capture subtle histological distinctions between PDAC
and normal pancreatic tissue; hence, integration of these two modalities may appear to have achieved a breakthrough in early
detection and proper patient management. The association of imaging findings with histopathological features, including but not
limited to cellularity and stroma composition, becomes critical in the correct reading of imaging results.

CONCLUSION

In conclusion, pancreatic malignancy is an incredibly multifaceted illness regarding its etiology, involving several factors aspects
of lifestyle, together with genetic and demographic influences. Though numerous risk factors continue to be identified on top of
known risks, future research needs to fill the knowledge gap on how these factors interact to guide prevention strategies against this
devastating disease with treatment shaped by those factors. Histopathological changes play a vital role in the biological behavior of
PDAC. The behavior of Panthera-DAC, treatment response, and prognosis for patients depend on these changes. An upgrade in the
outcomes for patients with pancreatic malignancy has to be tied to molecular classification and treatment design to involve that kind
of change. Thereafter, more research in this area would promise better knowledge about the disease and improved therapeutic
strategies. Histopathology of Pancreatic Ductal Adenocarcinoma is an integrative study that combines morphological analysis with
molecular and immune profiling. Continued to emerge data continue to highlight the indispensable contribution of histopathology
towards comprehending tumor biology and, therefore, informing therapeutic stratagems, which are both ultimate determinants of
patient outcome.
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