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Introduction

attention as a potential therapeutic target. Tumor cells exploit altered metabolic
pathways, such as increased glycolysis and glutamine metabolism, to sustain
) ) ) ) ) rapid growth and resist apoptosis. Inhibitors targeting metabolic enzymes

Pancreatic cancer remains one of the most lethal malignancies, with a ike glutaminase and Lactate Dehydrogenase (LDH) have shown promise
five-year survival rate that continues to be dismally low despite advances in iy preclinical models. Moreover, the interplay between metabolism and the
medical research and treatment modalities. This is largely due to its aggressive  jmmune microenvironment suggests that metabolic inhibitors could synergize
nature, late-stage diagnosis, and resistance to conventional therapies. The  ith immunotherapies to improve antitumor responses. The desmoplastic
complexity of pancreatic cancer lies in its unique tumor microenvironment,  groma of pancreatic cancer, composed of Cancer-Associated Fibroblasts
which fosters immune evasion and promotes tumor progression. Recent  (CAFs) and Extracellular Matrix (ECM) components, represents another
research has tumed its focus toward targeting the tumor immune milieu and  major obstacle to effective treatment. The stroma not only provides structural
molecular pathways as a promising strategy to improve patient outcomes.  sypport but also actively contributes to immune suppression and therapy
This approach aims to dismantle the intricate network of immune suppressive  resistance. Strategies to remodel the stroma include targeting hedgehog
cells and signaling cascades that contribute to treatment resistance and tumor  gjgnaling, inhibiting fibroblast activation protein (FAP), and using stromal-
growth. The Tumor Immune Microenvironment (TIME) in pancreatic cancer  gepleting agents such as pegylated hyaluronidase. While stromal-targeting
is characterized by an abundance of immunosuppressive cells, including  therapies have demonstrated mixed results in clinical trials, their combination

regulatory T cells (Tregs), Myeloid-Derived Suppressor Cells (MDSCs), and yith immune checkpoint inhibitors and cytotoxic agents holds potential for
Tumor-Associated Macrophages (TAMs). These cellular components work improving outcomes [2].

in concert to inhibit cytotoxic T cell responses, thereby creating a permissive _ ) o o . .
environment for tumor growth. One of the major challenges in pancreatic Epigenetic modifications play a significant role in pancreatic cancer
cancer immunotherapy is the exclusion of effector T cells from the tumor ~ Progression by altering gene expression pattems that favor tumor growth and
site, which limits the effectiveness of immune checkpoint inhibitors (ICls) that ~ immune evasion. The dysregulation of histone modifications, DNA methylation,
have shown success in other malignancies. Strategies to modulate the TIME, ~ nd non-coding RNAs has led to the exploration of epigenetic inhibitors as
such as targeting TGF-beta signaling, inhibiting Colony-Stimulating Factor ~ therapeutic agents. Bromodomain And Extra-Terminal (BET) inhibitors, Dna
1 Receptor (CSF1R), and depleting Tregs, have demonstrated potential in Methyltransferase (DNMT) inhibitors, and Histone Deacetylase (HDAC)
preclinical models and early-phase clinical trials. inhibitors have shown promise in preclinical studies. The combination of

epigenetic modulators with immune-based therapies is an exciting avenue
. .- under investigation to enhance tumor immunogenicity and response to
Descnptlon treatment. Despite significant advances, the successful translation of these
strategies into clinical practice remains challenging. The heterogeneity of
Another promising avenue in targeting the pancreatic cancer immune  pancreatic cancer, both at the molecular and immune levels, necessitates a
milieu is the use of cancer vaccines and adoptive cell therapies. Therapeutic ~ personalized approach to therapy. Biomarker-driven clinical trials are crucial
vaccines, such as GVAX, are designed to enhance antitumor immune  in identifying patient subsets that are most likely to benefit from specific
responses by priming dendritic cells to activate T cells against pancreatic  treatments. Liquid biopsy techniques, which analyze circulating tumor DNA
cancer antigens. Additionally, chimeric antigen receptor (CAR) T cell therapy, ~ (ctDNA), exosomes, and immune cell profiles, hold promise in real-time
which has shown remarkable success in hematologic malignancies, is being monitoring of treatment response and disease progression [3].
adapted for solid tumors. Engineering T cells to recognize tumor-associated
antigens such as mesothelin and Prostate Stem Cell Antigen (PSCA) has
provided encouraging results, but challenges related to the dense desmoplastic
stroma and immune suppression remain significant hurdles to overcome. In
addition to immunotherapeutic approaches, targeting molecular pathways
critical to pancreatic cancer progression has gained traction. Oncogenic KRAS
mutations are present in over 90% of pancreatic cancers, making them a
prime target for therapeutic intervention. While direct inhibition of KRAS has
historically been challenging, the development of KRAS G12C inhibitors and
novel strategies targeting downstream effectors such as MEK, ERK, and PI3K/
AKT pathways offer new hope. Combination therapies that integrate KRAS
inhibition with immune modulation are being explored to overcome resistance
mechanisms and enhance treatment efficacy [1].

The integration of Artificial Intelligence (Al) and computational biology in
pancreatic cancer research is facilitating the identification of novel therapeutic
targets and predictive biomarkers. Al-driven analysis of multi-omics data,
including genomic, transcriptomic, and proteomic profiles, enables a deeper
understanding of tumor biology and immune interactions. These insights pave
the way for the development of rationally designed combination therapies that
can tackle multiple aspects of tumor progression and immune suppression.
Future research efforts must also focus on improving drug delivery systems
to enhance therapeutic efficacy while minimizing toxicity. Nanoparticle-
based drug carriers, liposomal formulations, and antibody-drug conjugates
offer potential solutions to improve drug penetration into pancreatic tumors.
Additionally, localized drug delivery approaches, such as intratumoral injections
and hydrogel-based systems, are being explored to bypass systemic toxicity
The role of metabolic reprogramming in pancreatic cancer has also gained and enhance on-target effects [4,5].
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complex interplay between the microbiome and the tumor immune milieu
may lead to novel therapeutic avenues. In conclusion, targeting the tumor
immune microenvironment and molecular pathways represents a promising
frontier in pancreatic cancer treatment. The integration of immunotherapy,
targeted molecular inhibitors, metabolic interventions, stromal remodeling,
and epigenetic modulation offers a multi-faceted approach to overcoming the
challenges posed by this aggressive malignancy. While significant hurdles
remain, continued research, technological advancements, and collaborative
efforts hold the potential to transform pancreatic cancer from a devastating
diagnosis into a manageable disease. By leveraging a deeper understanding
of tumor biology and immune interactions, the next generation of therapeutic
strategies may finally offer hope to patients battling pancreatic cancer.

Acknowledgement

None.

Conflict of Interest

None.

References

1. Conroy, Thierry, Frangoise Desseigne, Marc Ychou and Olivier Bouché, et al.
"FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer." N Engl J Med
364 (2011): 1817-1825.

Page 2 of 2

Hong, David, Drew Rasco, Michael Veeder and Jason J. Luke, et al. "A phase
1b/2 study of the Bruton tyrosine kinase inhibitor ibrutinib and the PD-L1 inhibitor
durvalumab in patients with pretreated solid tumors." Oncology 97 (2019): 102-111.

O'Reilly, Eileen M., Do-Youn Oh, Neesha Dhani and Daniel J. Renouf, et al.
"Durvalumab with or without tremelimumab for patients with metastatic pancreatic
ductal adenocarcinoma: A phase 2 randomized clinical trial." JAMA Oncology 5
(2019): 1431-1438.

4. Bockorny, Bruno, Valerya Semenisty, Teresa Macarulla and Erkut Borazanci,

et al. "BL-8040, a CXCR4 antagonist, in combination with pembrolizumab and
chemotherapy for pancreatic cancer: The COMBAT trial." Nat Med 26 (2020): 878-
885.

Balachandran, Vinod P., Gregory L. Beatty and Stephanie K. Dougan. "Broadening
the impact of immunotherapy to pancreatic cancer: Challenges and opportunities."
Gastroenterol 156 (2019): 2056-2072.

How to cite this article: Hanna, Hacker. “Advancing Pancreatic Cancer
Treatment: Targeting the Tumor Immune Microenvironment and Molecular
Pathways.” J Genet DNA Res 09 (2025): 246.



https://www.nejm.org/doi/abs/10.1056/NEJMoa1011923
https://karger.com/ocl/article-abstract/97/2/102/239242
https://karger.com/ocl/article-abstract/97/2/102/239242
https://karger.com/ocl/article-abstract/97/2/102/239242
https://jamanetwork.com/journals/jamaoncology/article-abstract/2738420
https://jamanetwork.com/journals/jamaoncology/article-abstract/2738420
https://www.nature.com/articles/s41591-020-0880-x
https://www.nature.com/articles/s41591-020-0880-x
https://www.sciencedirect.com/science/article/pii/S001650851930054X
https://www.sciencedirect.com/science/article/pii/S001650851930054X

