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Editorial

Pancreatic ductal adenocarcinoma (PDAC) remains 
one of the most formidable malignancies. The gloomy 
prognosis of PDAC is attributed to its aggressive nature, 
which is characterized by expeditious metastasis, treatment 
resistance, and lack of early detection methods. PDAC is 
driven by genetic alterations, including mutations in the 
KRAS oncogene, TP53, CDKN2A, and SMAD4 [1,2]. Genetic 
alterations lead to anomalies in vital biological processes 
that regulate cell invasion, apoptosis [3], and proliferation. 
Furthermore, the development of PDAC depends on the 
tumor microenvironment (TME). Its distinctive features 
include dense desmoplastic stroma and immunosuppressive 
mechanisms that lead to treatment resistance [4]. The new 
PDAC paradigm has evolved into multimodal therapy, which 
combines many treatment techniques to battle the ailment. 
Multimodal approaches aim to overcome the limitations 
of single-agent therapy and address the heterogeneity of 
PDAC by focusing on many disease features. Understanding 
multimodal therapies, surgical interventions, chemotherapy, 
radiation therapy, targeted medicines, and immunotherapy 
is critical to providing PDAC patients with the best potential 
prognosis. The molecular complexity and TME of PDAC are 
responsible for its aggressive character and resistance to 
treatment. High levels of genetic heterogeneity, including the 
accumulation of many somatic mutations and chromosomal 
abnormalities, are characteristics of PDAC [5]. Over 80% 
of cases have to activate KRAS mutations, which are widely 
present and cause constitutive activation of the PI3K/AKT/

mTOR and RAS/RAF/MEK/ERK signaling pathways. This 
promotes cell survival, proliferation, and metastasis. Apart 
from KRAS, deactivating mutations in tumor suppressor 
genes, including TP53, CDKN2A, and SMAD4, are frequently 
detected, resulting in abnormalities related to cell cycle 
regulation, programmed cell death, and transforming growth 
factor-beta (TGF-β) communication, in that order [6,7]. 
Furthermore, DNA methylation abnormalities and histone 
alterations indicate epigenetic modifications resulting in 
altered gene expression and silencing patterns [8,9]. A 
study describes the TME in PDAC as a thick desmoplastic 
stroma composed of an extracellular matrix (ECM), activated 
pancreatic stellate cells, and immune cells [10]. Another 
study proposes that this desmoplastic reaction creates a 
nutrient- and oxygen-deprived environment that promotes 
treatment resistance and cancer stem cell morphologies. 
The immunosuppressive features of the TME, which are 
regulated by regulatory T cells, myeloid-derived suppressor 
cells, and cytokines like TGF-β, further impede anti-tumor 
immune responses [11]. The majority of PDAC cases are 
diagnosed at later stages, making surgical resection not 
feasible, which exacerbates the difficulties associated with 
late identification. This emphasizes the importance of 
implementing early detection techniques and individualized 
treatment plans based on the molecular heterogeneity and 
TME specific to each patient [12].

The only potentially curative treatment option available 
for PDAC patients with localized, non-metastatic disease 
is still surgical excision. However, as per study, only 15-
20% of cases are considered treatable at diagnosis [13]. 
Robotic-assisted and laparoscopic operations are minimally 
invasive methods that have improved postoperative 
outcomes and shortened recovery times. Careful patient 
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selection is crucial for surgical resection, which frequently 
incorporates neoadjuvant therapy to reduce tumor size and 
increase respectability. Chemotherapy is the mainstay of the 
multimodal PDAC treatment plan [14]. The standard first-
line chemotherapy regimens for metastatic PDAC include 
gemcitabine/nab-paclitaxel and the FOLFIRINOX regimen, 
which consists of 5-fluorouracil, leucovorin, irinotecan, 
and oxaliplatin as a combination. In second-line treatment 
settings, innovative chemotherapeutic medicines including 
trifluridine/tipiracil (TAS-102) and liposomal irinotecan 
(nal-IRI) have shown promising results [15]. Resolving 
chemoresistance remains a significant challenge, which 
is typically connected to thick desmoplastic stroma and 
enhanced expression of drug efflux pumps such as ABCG2 
(BCRP) and ABCB1 (MDR1) [16]. Radiotherapy, whether 
utilized as an adjuvant or neoadjuvant therapeutic modality, 
is a critical component of multimodal PDAC treatment. 

Modern radiation therapy delivery technologies, such as 
stereotactic body radiation therapy (SBRT) and intensity-
modulated radiation therapy (IMRT), have decreased 
toxicity to surrounding healthy tissues while increasing 
targeting precision [17]. Targeted therapies exploit PDAC by 
focusing on specific oncogenic pathways and the TME. For 
example, PI3K/AKT/mTOR inhibitors and MEK inhibitors 
(e.g., trametinib) are KRAS downstream effector pathway 
inhibitors being explored in combination with chemotherapy 
[18]. Certain PDAC patients, particularly those with a high 
mutational burden and microsatellite instability, have 
reacted well to immunotherapies such as immune checkpoint 
inhibitors (e.g., pembrolizumab, nivolumab) and cancer 
vaccines. However, the low mutational burden in PDAC and 
the immunosuppressive TME remain significant obstacles to 
immunotherapy [19] (Figure 1). 

Figure 1: Overview of multimodal therapies involved in treatment of pancreatic ductal adenocarcinoma.
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