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Introduction

Autophagy, a highly conserved catabolic process, is essential for cellular
homeostasis, particularly during metabolic stress, nutrient deprivation, and
hypoxia. Derived from the Greek words "auto" (self) and "phagy" (eating),
autophagy literally means “self-eating,” highlighting its fundamental role in the
degradation and recycling of cytoplasmic components via lysosomes. Although
initially perceived as a passive process of cellular self-digestion, autophagy is
now recognized as a complex, regulated pathway involved in numerous
physiological and pathological conditions, including cancer. The dualistic nature
of autophagy-promoting both cell survival and cell death-has attracted
significant attention in oncology, raising critical questions about its precise
function in tumor initiation, progression, and therapeutic resistance. Depending
on the context, tumor type, stage of disease, and environmental cues,
autophagy may act as a tumor suppressor or as a mechanism of tumor cell
survival. This paradox poses both challenges and opportunities in cancer
therapy, warranting a comprehensive exploration of the molecular and
contextual nuances underlying autophagy's role in cancer biology. In this article,
we delve into the multifaceted functions of autophagy in cancer, examining how
its regulation influences tumorigenesis, metastasis, therapy resistance, and cell
death, with an eye on future therapeutic strategies that modulate autophagy in
a tumor-specific manner [1,2].

Description

Autophagy occurs through three main types-macroautophagy,
microautophagy, and chaperone-mediated autophagy-with
macroautophagy being the most extensively studied and commonly
associated with cancer. The process of macroautophagy (hereafter
referred to simply as autophagy) involves the formation of double-
membrane vesicles called autophagosomes, which encapsulate damaged
organelles, misfolded proteins, and other cytoplasmic constituents. These
autophagosomes subsequently fuse with lysosomes, leading to the
degradation and recycling of their contents. This process is orchestrated by
a network of evolutionarily conserved Autophagy-Related (ATG) genes and
regulated by key signaling pathways, including the mammalian target of
rapamycin (mTOR), AMP-Activated Protein Kinase (AMPK), and Beclin-1
complexes [3].

The dual nature of autophagy is also evident in its role in immune
modulation. On the one hand, autophagy can enhance antigen
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presentation and stimulate immune surveillance, contributing to anti-
tumorimmunity. On the other hand, it may also facilitate immune evasion by
degrading MHC molecules or promoting T-cell apoptosis. Additionally,
autophagy intersects with several other cancer hallmarks, including
angiogenesis, epithelial-mesenchymal transition (EMT), metastasis, and
maintenance of Cancer Stem Cells (CSCs). In breast cancer and glioblastoma,
for example, autophagy supports CSC survival under metabolic stress, thus
fostering recurrence and therapeutic failure [4].

From a therapeutic standpoint, modulating autophagy presents a promising
yet complex opportunity. Inhibition of protective autophagy using CQ or other
lysosomal inhibitors has been explored in combination with chemotherapy,
radiation, and targeted therapies. For example, in Pancreatic Ductal
Adenocarcinoma (PDAC), which exhibits high autophagy flux, autophagy
inhibition synergizes with gemcitabine and EGFR inhibitors. Conversely,
induction of lethal autophagy using mTOR inhibitors (e.g., rapamycin) or AMPK
activators (e.g., metformin) is also under investigation for apoptosis-resistant
tumors. However, systemic autophagy modulation risks collateral effects on
normal tissues and immune function, emphasizing the need for tumor-specific
targeting and biomarkers to predict autophagy dependency [5].

Conclusion

Autophagy represents a central node in the intricate web of tumor biology,
embodying both life-sustaining and death-promoting roles depending on the
cellular context. Its ambivalent nature-functioning as a double-edged sword in
cancer progression-challenges simplistic categorization and demands nuanced
therapeutic strategies. While autophagy suppresses tumor initiation by
mitigating cellular stress and genomic instability, it paradoxically aids
established tumors in surviving adverse microenvironments, resisting therapy,
and evading immune surveillance. As research continues to unveil the
molecular underpinnings of autophagy regulation, a more refined understanding
of its spatiotemporal dynamics in cancer will be crucial. Therapeutic
interventions must be precisely tailored to exploit autophagy’'s weaknesses
without undermining its physiological benefits. With advances in molecular
diagnostics, nanomedicine, and combinatorial therapies, targeting autophagy
holds tremendous promise as a context-specific cancer treatment strategy.
Ultimately, embracing the complexity of autophagy rather than oversimplifying it
may pave the way toward more effective and personalized oncology care.
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