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Abstract

:

The pancreas is a vital organ nestled deep within the abdomen, playing a crucial role in both endocrine and exocrine functions. It is elongated and tadpole-shaped, with a head, body, and tail. The intricate connections to adjacent structures through a network of blood vessels, ducts, and supportive tissue transform pancreatic cancer into one of the most fatal malignancies globally as a result of a typically late diagnosis and metastatic form of the disease. Lymph node metastasis (LNM) is prevalent in the majority of individuals diagnosed with pancreatic cancer, signifying a critical factor influencing prognostic outcomes. The para-aortic lymph nodes (PALN) play an important role in the lymphatic drainage of various organs, including the kidneys, pancreas, and parts of the gastrointestinal tract. In pancreatic cancer, the risk of PALN metastasis holds considerable clinical significance, and diagnosing your involvement is primordial to therapeutic decisions and to increase the survival expectations of these patients.
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1. Pancreatic Cancer


1.1. Epidemiology


Pancreatic cancer epidemiology is characterized by a comparably low incidence relative to other malignancies but exhibits a disproportionately high mortality rate, ranking prominently among the leading causes of cancer-related deaths globally [1]. The susceptibility to pancreatic cancer escalates with age, predominantly affecting individuals over 60 [2]. Established risk factors include smoking, obesity, and a familial history of pancreatic cancer. Unfortunately, the disease often manifests at an advanced stage, contributing significantly to its bleak prognosis. Despite ongoing research endeavors and advancements in treatment modalities, the overall survival (OS) rate remains distressingly low [1]. The imperative for continued exploration into early detection methods and innovative therapies is underscored, presenting a critical avenue for enhancing outcomes in the face of this formidable and challenging cancer. To obtain the most current and precise epidemiological information, consulting the recent medical literature or authoritative health organizations is advised [3].



As one of the most fatal malignancies globally, pancreatic cancer poses a substantial challenge in the global burden of disease. In 2020, there were approximately 500,000 new cases and 470,000 deaths attributed to pancreatic cancer worldwide. The global incidence rate for pancreatic cancer in 2020 was 4.9 per 100,000 for both sexes combined, with a mortality rate of 4.5 per 100,000. Most countries witnessed increasing trends in both the incidence and mortality of pancreatic cancer. Delving into the underlying reasons for variations in international patterns of pancreatic cancer incidence and mortality is crucial for informing global cancer control strategies [4].




1.2. Pancreas Anatomy


The pancreas is a vital organ nestled deep within the abdomen, playing a crucial role in both endocrine and exocrine functions. It is situated behind the stomach and spans horizontally across the posterior abdominal wall. Structurally, the pancreas is elongated and tadpole-shaped, with a head, body, and tail [5]. The head of the pancreas lies nestled within the concavity of the duodenum, forming a close anatomical relationship with it. The body extends horizontally across the posterior abdominal cavity, while the tail extends towards the spleen on the left side. The pancreas is intricately connected to adjacent structures through a network of blood vessels, ducts, and supportive tissue [2]. Functionally, the pancreas is a dual-purpose organ. Exocrine cells, arranged in clusters, known as acini, produce digestive enzymes that are carried through a network of ducts into the duodenum. These enzymes play a crucial role in breaking down fats, proteins, and carbohydrates during the digestive process. Simultaneously, the pancreas houses clusters of endocrine cells, primarily in the islets of Langerhans scattered throughout the organ. These cells, including alpha and beta cells, release hormones like insulin and glucagon directly into the bloodstream. These hormones are vital in regulating glucose levels, playing a key role in metabolic processes throughout the body [6].




1.3. Pancreatic Cancer Subtypes


Pancreatic cancer includes various distinct types, each defined by its unique anatomical location within the pancreas and specific cellular components. The most common form, pancreatic ductal adenocarcinoma (PDAC), originates in the ducts that transport digestive enzymes, typically in the pancreas’s head, comprising most cases [6]. Less common subtypes include acinar cell carcinoma, from enzyme-producing cells, and pancreatic neuroendocrine tumors, from hormone-producing cells. Pre-cancerous lesions like intraductal papillary mucinous neoplasms (IPMNs) and mucinous cystic neoplasms (MCNs) can transform malignantly. This diversity necessitates personalized diagnosis, treatment, and management approaches tailored to each subtype’s characteristics [7,8,9].




1.4. Diagnosis


The American Joint Committee on Cancer (AJCC) 8th edition staging system for pancreatic cancer offers a comprehensive framework for stratifying the disease based on tumor characteristics, lymph node involvement, and the presence of metastasis. In this classification, the T (tumor) category delineates the extent of the primary tumor. T1 signifies tumors confined to the pancreas, while T2 indicates localized spread beyond the pancreas. T3 involves the nearby structure invasion, such as blood vessels, and T4 encompasses extensive invasion into adjacent organs. The N (nodal) category assesses regional lymph node involvement. N0 indicates the absence of regional lymph node metastasis (LNM), while N1 denotes the presence of cancer cells in nearby lymph nodes. Further stratification is provided by N2, which indicates more distant or numerous lymph node involvement. Metastasis is captured by the M (metastasis) category. M0 signifies the absence of distant metastasis, whereas M1 indicates the presence of cancer that has spread to distant organs or tissues. Combining T, N, and M classifications yields the overall stage grouping. Stage 0 represents localized disease, Stages I and II involve locally advanced tumors, and Stages III and IV signify more advanced disease with regional or distant spread. This detailed AJCC classification system serves as a crucial tool for clinicians, facilitating precise staging, treatment planning, and assessment of prognosis in pancreatic cancer management [10,11,12].





2. Lymphatic System


2.1. Background


The lymphatic system has been described in the history of medicine for many centuries; Hippocrates wrote about “white blood in the nodes”, and Aristotle reiterated the presence of fibers containing colorless fluid between blood vessels and nerves. Gasparo Aselli, in 1627, was the first to officially recognize the lymphatic system, which was continuously studied during the XVII and XVIII centuries when medicine began to seek to understand better aspects of lymph, lymphatic drainage, and lymphatic anatomy. However, it was only in the last few decades that we observed a boom in scientific studies related to this system and related to the fact that this incredible physiological chain is involved in a multitude of diseases, such as cancer [13,14].



The lymphatic system, facilitated by lymphatic vessels, is a vascular network in higher vertebrates responsible for vital functions, including tissue pressure regulation, immunological surveillance, and the absorption of dietary fats. Lymphatic vessels are part of a unidirectional chain, which transports fluids and proteins, absorbing them from the interstitial space and returning them to blood circulation [15].



In addition to regulating tissue fluids, these vessels also function as an essential transport pathway for immune cells. Lymph nodes are like potent retention reservoirs, where white blood cells proliferate. The relationship between the lymphatic system and the dissemination of tumor cells, and consequently, metastasis in cancer has been an exciting subject of studies over the last few years. Cancer cells can infiltrate lymphatic vessels, migrate to tumor-draining lymph nodes, proliferate, and, in some cases, metastasize to other organs [13,15].




2.2. Lymphatic System in Metastasis


Lymphatic vessels serve as conduits for immune cell reabsorption, a process that may inadvertently facilitate the transport of cancer cells to regional lymph nodes and distant organs. The involvement of lymph nodes in oncological diagnoses holds profound prognostic implications for therapeutic strategies and predicting patient survival rates [13]. Lymphatic metastasis is primarily a passive phenomenon, often facilitated by peritumoral lymphatic tissue presence enveloping malignant tumors. However, this process is intricately regulated by various mechanical and chemotactic factors. Discrepancies in hydrostatic pressure following cancer cell infiltration into the extracellular matrix result in fluid flow, aiding the transport of cancer cells to peritumoral lymphatic capillaries. Upon reaching these capillaries, cytoplasmic mechanisms drive the mobilization of cancer cells along the endothelial surface. This migratory phenomenon and subsequent invasion of the lymphatic lumen entail a continuous induction of gap formation or the exploitation of pre-existing interendothelial spaces [15].



As tumors grow, the intratumoral interstitial fluid pressure increases, altering the lymphatic flow towards peritumoral lymphatic tissues and consequently augmenting the interstitial fluid volume. Smooth muscles lining lymphatic vessel walls facilitate lymph propulsion through rhythmic contractions, ensuring access to the lymphatic lumen. Consequently, cancer cells, either individually or in clusters, embolize, traversing the subcapsular sinus and penetrating the nodule cortex. This migration may entail bypassing the nodular structure through lymphatic–venous connections or infiltrating the nodule entirely, subsequently progressing towards efferent lymphatic vessels and adjacent lymph nodes [15].



Tumors typically exhibit elevated interstitial fluid pressure, facilitating the infiltration of cancer cells into the lymphatic vessels enveloping the tumor. Consequently, interstitial flow impacts the migratory behavior of cancer cells extending beyond mechanical forces, encompassing autologous chemotaxis mechanisms [13]. These mechanisms enable the detachment of cell clusters from the primary tumor, mediated by migratory flow from the tumor to the lymphatic vessels. Cancer cells can navigate toward and invade lymphatic vessels via chemokine gradients generated by lymphatic endothelial cells, which are physiologically predisposed to attract leukocytes under normal conditions. While hematogenous dissemination remains a possibility, metastasis predominantly occurs through association with tumor lymphangiogenesis. This sequential model of metastasis evolution involves the initial spread of tumor cells to the lymphatic system, followed by dissemination to the circulatory system [15].



Lymphatic endothelial cells undergo dynamic alterations during tumor progression, fostering metastatic dissemination and augmenting immunoregulatory functions, thereby enhancing the likelihood of metastasis. In essence, the beneficial effects of lymphatic tissues on tumor immunity can be reversed, thereby promoting tumor growth. Normally, lymphatic endothelial cells transport immune mediators from peripheral organs to lymph nodes, thereby initiating immune responses. Additionally, they facilitate T-cell responses through various mechanisms [13,14].




2.3. Pancreatic Lymphatic System


The lymphatic ducts of the pancreas arise from the interlobular grid within the pancreatic parenchyma. Lymphatic capillaries consist of a monolayer of endothelial cells featuring intermittent intercellular connections and are devoid of a basal lamina. Lymph and its cellular constituents are conveyed to larger lymphatic conduits, comprising smooth muscle elements to promote circulation. The incoming collecting lymphatic vessels enter lymph nodes for filtration, while the outgoing vessels, termed efferent collecting vessels, guide the lymph through the principal conduits of the lymphatic system, the thoracic duct and the right lymphatic trunk, eventually reintegrating it into the circulatory system [16,17,18].



The organization and interplay of lymphatic vessels and lymph nodes within the pancreas present a complex conundrum due to their close association with blood vessels. Generally, pancreatic lymph nodes are classified into distinct regions based on their proximity to the drainage areas of the pancreatic gland. In instances of inflammation and tumor progression, an influx of growth factors and chemokines triggers the remodeling and expansion of lymphovascular tissue, which correlates with the invasiveness of cancer. Elevated lymphatic vessel density in tumors located at the pancreas head of PDAC has been demonstrated to correlate with heightened LNM and with poor survival rates linked to adverse tumor differentiation status [16,18,19,20].





3. LNM in Pancreatic Cancer


3.1. Background


The significance of detecting and evaluating LNM in pancreatic cancer cannot be overstated, given its profound implications for prognosis and treatment planning. Lymph node involvement serves as an important factor influencing the staging of pancreatic cancer, providing crucial insights into the extent of disease dissemination. The identification of metastasis in regional lymph nodes not only aids in categorizing the cancer’s stage but also facilitates a more nuanced and precise prognosis. Furthermore, the status of lymph nodes informs treatment decisions, guiding clinicians in determining the most appropriate therapeutic interventions tailored to the individual patient’s needs [21]. In the complex landscape of pancreatic cancer, where early detection remains challenging and the disease often presents at an advanced stage, the presence or absence of LNM emerges as a key indicator in prognosis. Understanding the comprehensive extent of lymphatic involvement is imperative for tailoring surgical approaches and making informed decisions regarding adjuvant therapies such as chemotherapy or radiation, which may confer benefits. Therefore, the accurate detection and thorough evaluation of LNM are integral elements in shaping comprehensive and effective strategies for managing patients with pancreatic cancer [22].



LNM is very often found in individuals diagnosed with pancreatic cancer, signifying an analytical factor influencing prognostic outcomes. Notable strides in the field involve innovative staging classifications for pancreatic, gastric, and colorectal cancers, incorporating metrics such as metastatic lymph node ratio and count. The exploration of pancreatectomy with extended lymphadenectomy, aimed at improving prognostic indicators, has stirred debate, with conflicting evidence on its impact on patient survival. Varied prospective studies offer differing perspectives; some suggest prolonged lymphadenectomy contributes to long-term survival, while others emphasize heightened morbidity without substantial survival advantages. The ongoing controversy stems from the intricate and ambiguous patterns of LNM dissemination in pancreatic cancer [23].



Recent findings propose that neoadjuvant chemotherapy or chemoradiation holds promise in augmenting long-term survival for pancreatic cancer patients, presenting a comparable efficacy to traditional adjuvant therapy. Nevertheless, persistent challenges exist in identifying suitable candidates for neoadjuvant therapy, particularly those with potentially systemic disease. Effectively addressing these intricacies demands continuous research efforts and a more profound comprehension of the complex dynamics underlying pancreatic cancer and its intricate interplay with LNM [21,23].




3.2. Clinical–Anatomical Classification


The Japanese Pancreatic Society (JPS) has formulated a detailed classification system based on extensive data on pancreatic carcinoma, described in Figure 1, that categorizes regional and nearby lymph nodes. This classification system provides a comprehensive nomenclature for lymph node stations relevant to pancreatic cancer surgery. This standardized nomenclature has gained international recognition and has paved the way for establishing global standards for the extent of lymphadenectomy in pancreatic cancer procedures. In 2014, the International Study Group on Pancreatic Surgery (ISGPS) released consensus recommendations aligning with the JPS classification [24]. An alternative drainage route has been identified, wherein lymphatic drainage follows the posterior superior pancreaticoduodenal artery to the pyloric node. These pathways, also referred to as superior or ascending pathways, ultimately drain into the celiac node [11]. Conversely, for the caudal portion of the pancreatic head and the uncinate process, lymphatic drainage follows the inferior pancreaticoduodenal vessels to the lymph nodes around the superior mesenteric artery, subsequently draining into the retroperitoneal para-aortic lymph nodes (PALN) [25]. This pathway is recognized as an inferior or descending pathway. In pancreatic cancer, lymph node infiltration stands out as a critical prognostic marker, alongside other influential factors such as tumor histology, size, resection margin status, grade, and lymphovascular invasion. Predominantly, metastases in LNM are detected within the peripancreatic nodal cluster, encompassing anterior and posterior peripancreatic nodes, as well as pancreaticoduodenal, pyloric, and inferior nodes. Tumor size correlates with the likelihood of lymph node positivity, with larger tumors more commonly metastasizing to PALN [24].




3.3. PALN


The PALN, also known as retro aortic lymph nodes, are a group of lymph nodes situated along the para-aortic region, which runs parallel to the aorta in the abdominal cavity. These nodes play an essential function in lymphatic drainage of various organs, including the kidneys, pancreas, and parts of the gastrointestinal tract [25]. The PALN serves as a key filtering station for lymphatic fluid, facilitating the removal of waste products, pathogens, and cellular debris [26]. Due to their strategic location, these nodes are often examined in the context of cancer staging and metastasis assessment, particularly in abdominal and pelvic malignancies [27]. The status of the PALN is significant in understanding the potential spread of cancer cells and is instrumental in determining the appropriate course of treatment, such as surgery, radiation therapy, or systemic therapies. A detailed examination of this lymph node offers valuable insights into overall lymphatic drainage patterns, aiding clinicians in formulating comprehensive and tailored treatment strategies for patients with various medical conditions, including cancer [24,28]. PALNs are considered “extra-regional” lymph nodes, becoming involved only after metastatic spread has already affected the peri-pancreatic first-echelon lymph nodes [29]. Several reports, although most of them share the bias of retrospective analysis, describe that the prognosis of patients with metastatic PALN is significantly worse if compared with patients with negative metastatic cases [30].



In pancreatic cancer, the risk of PALN metastasis holds considerable clinical significance. Due to the intricate lymphatic drainage patterns in the abdominal region, pancreatic tumors are prone to spreading to this lymph node [27]. The PALN is a primary site for regional metastasis, providing a conduit for cancer cells to move beyond the primary tumor site. The PALN assessment involvement is essential in determining the extent of disease spread and plays an important role in cancer staging. The presence of metastasis in these nodes may influence treatment decisions, including considering more aggressive surgical interventions or targeted therapies [29]. Consequently, a thorough understanding of the risk and detection of PALN metastasis in pancreatic cancer is imperative for clinicians to devise effective and personalized treatment strategies that address the complexities of the disease and improve patient outcomes [24,27,30].





4. Imaging Diagnosis and Sentinel Lymph Node


In radiologic diagnostic imaging, it is imperative to morphologically differentiate between enlarged lymph nodes indicative of metastasis and those that are normal or reactive. Computed tomography (CT) scans, in particular, offer discernment capability in malignancy through contrast enhancement [31]. Typically, normal or reactive lymph nodes exhibit homogeneous enhancement despite their enlargement. Enlarged nodes observed in the periportal and common hepatic nodal groups are nonspecific findings that may also be present in patients with jaundice and indwelling stents, chronic pancreatitis, or node-negative pancreatic cancer [32]. Nevertheless, a comprehensive understanding of preoperative imaging scans is essential before surgical resection, as it enables surgeons to navigate the procedure effectively and potentially circumvent unnecessary laparotomies. The sentinel lymph node technique in pancreatic cancer has been assessed to enable the preoperative identification of patients with lymphatic spread, enhancing staging accuracy and reducing unnecessary morbidity [33].




5. Management of Para-Aortic Lymph Node Metastasis


Diagnosing PALN involvement in pancreatic cancer preoperatively is exceptionally challenging [24,31]. Various imaging modalities, including computed tomography (CT), magnetic resonance imaging (MRI), and (18) F-fluorodeoxyglucose positron-emission tomography (FDG-PET), are utilized for preoperative detection, but their effectiveness remains conflictive [34]. Recent deep learning based on pancreatic cancer detection with artificial intelligence (PANDA), a type of machine learning, sheds light on LNM diagnosis and can detect and classify pancreatic lesions with high accuracy via non-contrast CT [35]. In cases where radical resection is considered, intraoperative histopathological examination of frozen PALN sections becomes necessary, which is particularly valuable for certain subsets of patients to inform surgical decision-making and guide the extent of surgery. The subsets of patients who typically benefit from this procedure include patients with resectable or borderline resectable pancreatic cancer who may undergo frozen section analysis of PALN to determine the extent of lymph node involvement. Positive findings might lead to a decision against proceeding with extensive surgery due to the poor prognosis associated with metastatic spread [24].



A prevailing sentiment among surgeons is that PALN metastases often signify systemic disease. Consequently, many advocate against radical surgery, including extended lymphadenectomy, for patients with positive metastasis in this lymph node [24]. The detection of PALN metastasis significantly influences surgical strategy, with most surgeons opting for less aggressive approaches if these metastases are present [30]. Notably, PALN metastasis frequently coexists with distant metastases, such as liver involvement or peritoneal dissemination. In the absence of these distant metastases, the presence of PALN metastasis becomes a crucial factor in defining the resectability of the disease. Therefore, identifying PALN metastasis presence is a crucial factor in determining the overall surgical approach for patients with pancreatic cancer [24,28,29].




6. Para-Aortic Lymph Node Metastasis in Patient Prognosis


Over the past few years, numerous studies have consistently underscored the importance of detecting PALN metastasis as a significant prognostic indicator in pancreatic cancer. Its association with other clinicopathological factors can assist in therapeutic decision-making and predict metastasis to other organs, potential recurrences, and, most importantly, the patient’s likelihood of survival at diagnosis time. This emphasizes the importance of comprehensive assessment and monitoring of PALN involvement in pancreatic cancer patient management [30].



In patients with pancreatic cancer, the identification of metastasis to PALN is widely acknowledged as a significant harbinger of adverse prognosis. However, the substantial frequency of such metastases has prompted considerable debate regarding their prognostic implications [27]. There exists ambiguity regarding whether all individuals with PALN involvement inevitably experience poor surgical outcomes, thus engendering discourse on the nature of this association—whether it is directly indicative of prognosis or merely a coincidental finding [30]. Furthermore, the detection of micrometastases within PALNs, which often evade identification through routine hematoxylin and eosin (HE) staining, presents a significant challenge. These occult micrometastases may exert a notable influence on prognostic outcomes following potentially curative pancreatectomy for pancreatic cancer. Hence, the imperative for more refined diagnostic modalities to accurately delineate and evaluate PALN involvement, thereby enhancing patient prognostication and optimizing therapeutic strategies, becomes increasingly apparent [36,37].



Sho et al. demonstrated in their study that patients with metastatic PALN exhibited significantly poorer survival compared to those without (17 vs. 23 months; p < 0.001) [38]. Schwarz et al. demonstrate similar findings, but in addition to corroborating this association, they also assessed variations among different diagnostic analyses. They noted that the median OS for patients with and without the involvement of PALN in frozen section analysis was 9.7 vs. 28.5 months, respectively (p = 0.012), and 15.7 vs. 27.2 months (p = 0.050) when assessed using hematoxylin and eosin staining [39].



In their analysis, Doi et al. delineate metastasis to PALN as the sole independent factor significantly associated with mortality in pancreatic cancer. Approximately 84% of patients with positive PALN succumbed within one year, contrasting with 46% of those with negative status [40]. Paiella et al., in a 2016 meta-analysis, corroborate these findings. They ascertain that up to that time, metastasis to PALN was linked to heightened mortality compared to patients with negative PALN, irrespective of regional nodal status (p < 0.001). This was accompanied by a notably diminished median survival among patients with PALN metastasis [30]. In contrast, Sperti et al. and Hemdel et al. findings demonstrate that even though lymph node status and PALN metastases were associated with poor survival at univariate analysis, they were not independent prognostic factors [41,42].



Lee et al. analyzed the specific prognostic role in resectable pancreatic cancer, revealing that unexpected malignant PALN involvement has a comparable negative prognostic impact on radiologically evident PALN metastasis. These findings underscore the necessity for the immediate pathological evaluation of unexpected PALN enlargements and consideration of surgical strategy modification on-site [28]. Similar results were observed by Hempel, where all patients underwent curative pancreatoduodenectomy or total pancreatectomy, yielding a median OS of 14.1 and 20.2 months for patients with metastatic PALN and those without, respectively [42]. This aligns with the findings of Lin et al., who demonstrated in resectable pancreatic carcinoma that the 5-year survival rates in patients without PALN metastasis were 22.9%, while in those with PALN metastasis, it was 0% [29].



Kim et al. conducted an extensive analysis focusing on treatment response, unveiling that patients harboring metastatic PALN who underwent postoperative chemotherapy exhibited substantially augmented disease-specific survival (DFS) rates (p = 0.0003) [27]. This finding resonates with the study by Sho et al., where a multivariate analysis conducted on patients with PALN metastasis unveiled that adjuvant chemotherapy and the number of metastatic PALNs were significantly correlated with long-term survival. These results underscore the important role of adjuvant chemotherapy in mitigating disease progression and improving long-term survival outcomes in patients with metastatic para-aortic lymph nodes [38].



In concordance, Schwarz et al. demonstrated that DFS in patients with and without the involvement of PALN on frozen section examination was 5.6 vs. 12.9 months, respectively (p = 0.041), and 8.4 vs. 12.9 months (p = 0.038) for hematoxylin and eosin analysis [39]. However, in their meta-analysis, Paiella et al. confirmed that the impact of positive PALN on outcome might be more accurately assessed through DFS, owing to the necessity of robust studies that have thoroughly examined this association [30].




7. Pancreatic Cancer from the Present to the Future


Currently, no established diagnostic tools or screening methodologies are employed in clinical practice for pancreatic cancer detection. Consequently, there is a pressing need to explore risk factors, preclinical indicators, and surveillance strategies to enable early detection, an ongoing focus of research endeavors [43]. Nevertheless, screening asymptomatic individuals for pancreatic cancer currently poses challenges, given the propensity for false positive results and associated risks that may outweigh potential benefits. The use of detection of precise preoperative detection of pancreatic LNM can be a massive improvement in predicting the prognosis of these patients.



The clinical relevance of novel markers in para-aortic lymph nodes (PALN) lies in their potential to enhance diagnostic accuracy and treatment strategies for patients with resectable PDAC. By selectively harvesting PALN samples from PDAC patients exhibiting elevated levels of these novel markers, clinicians can achieve a more precise staging of the disease, identifying micrometastases that might not be detectable through conventional imaging techniques. This targeted approach allows for a more tailored surgical plan, as the presence of cancer cells in the PALN could indicate a higher likelihood of systemic disease, potentially altering the decision to proceed with extensive resection [44,45,46]. Furthermore, novel marker identification in PALN can provide critical prognostic information, helping to stratify patients based on their risk and guide adjuvant therapy decisions. Ultimately, novel marker integration in the assessment of PALN can lead to improved personalized treatment, better management of the disease, and potentially enhanced survival outcomes for PDAC patients [47,48].



Despite the promise of cancer biomarkers and the utilization of ‘omics’ technologies (such as genomics, transcriptomics, and metabolomics), their clinical translation remains elusive. Some associations of cancer biomarkers with pancreatic lymph node metastases have been studied over the last few decades; some examples are the Homing cell adhesion molecule (CD44) [49], Prominin-1 (CD133) [50], Bicaudal-C (BICC1) [51], Mothers against decapentaplegic homolog 4 (SMAD4) [52], Vascular endothelial growth factor D (VEGF-D) [53], M2-polarized tumor-associated macrophage (M2-TAM) [54], and Carbohydrate antigen sialyl Lewis A (CA19-9) [55], which can represent an important improvement in the management of pancreatic cancer.



Moreover, obtaining biopsies or tissue samples practice at the time of diagnosis in research settings undermines the utility of time-sensitive biomarkers for identifying preclinical, asymptomatic, yet surgically treatable cancers. Embracing novel technologies will be crucial in achieving early diagnosis, with emerging evidence from image-based radiomics, artificial intelligence, and machine learning offering promising avenues for enhanced detection capabilities [24,34,35,56,57].




8. Conclusions


In our study, we have delved deeply into the anatomical complexities essential for understanding pancreatic cancer. Our review underscored the intricate structures surrounding the pancreas that hinder precise clinicopathological diagnoses and promote the metastatic cascade, complicating therapeutic decisions and rendering prognosis predictions more uncertain. Furthermore, we have emphasized the critical role of the pancreatic lymphatic system in the spread of cancer, particularly through a detailed examination of its anatomy. Our findings demonstrated how metastasis to the PALN serves as a significant prognostic factor, influencing survival outcomes. Our study stresses the importance of considering these anatomical and pathological factors in the clinical management of pancreatic cancer, suggesting that a more comprehensive approach to diagnosis and treatment could significantly improve patient prognosis and survival rates.
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Figure 1. Regional lymph nodes of the pancreas classification according to JPS. The subdivided regions: 13 refers to the posterior pancreaticoduodenal lymph nodes, 14 to the lymph nodes around the superior mesenteric artery, and 17 to the anterior pancreaticoduodenal lymph nodes. 
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