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Introduction

The advent of targeted cancer therapy has transformed
oncology, offering precision approaches that interfere with
specific molecular alterations driving tumorigenesis. Unlike
traditional chemotherapy, which exerts non-specific cytotoxic
effects, targeted therapies selectively inhibit oncogenes,
signaling pathways, or surface receptors that are aberrantly
activated in cancer cells. Examples include tyrosine kinase
inhibitors targeting the epidermal growth factor receptor,
anaplastic lymphoma kinase, and BCR-ABL, monoclonal
antibodies such as trastuzumab against HER2, and small
molecules targeting angiogenesis or BRAF mutations. These
therapies have produced unprecedented improvements in
response rates and survival across various cancers, including
non-small-cell lung cancer, breast cancer, melanoma, and
chronic myeloid leukemia. However, the clinical benefits of
targeted therapies are often limited by the emergence of
resistance, which can occur either as primary resistance
(intrinsic, where patients never respond) or secondary
resistance (acquired, where initial response is followed by
disease progression). Understanding the molecular mechanisms
underlying resistance is crucial for the development of next-
generation therapies and combination strategies that can
overcome these barriers and improve long-term patient
outcomes [1].

Description

Resistance to targeted therapies arises from a complex
interplay of genetic, epigenetic, cellular, and
microenvironmental factors that allow cancer cells to evade
drug effects while sustaining proliferative signaling. These
mechanisms can be broadly classified into on-target resistance,
where mutations occur in the drug target itself, and off-target
resistance, where compensatory pathways or alternative
oncogenic drivers bypass the inhibited target. One of the best-
studied examples of on-target resistance is found in EGFR-
mutant NSCLC treated with first-generation TKIs such as
gefitinib or erlotinib. While these drugs initially produce
significant tumor regression, most patients relapse within a year
due to secondary mutations such as T790M, which sterically
hinders drug binding while maintaining kinase activity [2].

Off-target resistance mechanisms frequently involve the
activation of alternative signaling pathways that restore
proliferative and survival signals. For instance, in melanoma
patients with BRAF V600E mutations treated with BRAF
inhibitors like vemurafenib, resistance can occur through
upregulation of MEK/ERK signaling, overexpression of receptor
tyrosine kinases, or activation of parallel pathways such as
PI3K/AKT. This has led to the clinical adoption of combination
therapies targeting both BRAF and MEK to delay resistance.
Similarly, in HER2-positive breast cancer, resistance to
trastuzumab can result from PI3K mutations, PTEN loss, or
shedding of HER2 extracellular domains, leading to persistent
downstream signaling. Another critical layer of resistance
involves epigenetic reprogramming and tumor plasticity. Cancer
cells exhibit remarkable adaptability, often undergoing
phenotypic changes that render them less dependent on the
targeted pathway. In lung cancer, for example, resistance to
EGFR inhibitors can be associated with epithelial-to-
mesenchymal transition, which confers invasive potential and
reduces sensitivity to apoptosis. In certain cases, histological
transformation occurs, such as NSCLC converting to small-cell
lung cancer following EGFR TKI treatment, accompanied by
alterations in TP53 and RB1. Such lineage plasticity underscores
the dynamic nature of resistance, extending beyond simple
point mutations [3].

Emerging evidence also points to the role of cancer stem cells
in resistance. CSCs represent a subpopulation of tumor cells with
self-renewal and differentiation potential, often quiescent and
inherently resistant to targeted therapies due to enhanced DNA
repair capacity, expression of drug efflux pumps, and metabolic
flexibility. Upon therapy, CSCs may survive and repopulate the
tumor, driving relapse and progression. Understanding these
diverse mechanisms has guided the development of novel
therapeutic strategies. Combination therapies are increasingly
employed to simultaneously block multiple signaling nodes,
delay resistance, and improve durability of response. For
example, combining EGFR TKls with MET inhibitors or BRAF
inhibitors with MEK inhibitors has demonstrated clinical benefit.
Epigenetic therapies such as histone deacetylase inhibitors or
DNA methyltransferase inhibitors are being tested to reverse
resistance associated with EMT or lineage plasticity [4,5].
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Conclusion

Resistance to targeted cancer therapy represents a
formidable challenge that limits the long-term success of
precision oncology. While targeted agents initially provide
remarkable responses by selectively inhibiting oncogenic
drivers, cancer cells inevitably evolve through genetic
mutations, activation of bypass pathways, epigenetic plasticity,
and microenvironmental support. The heterogeneity of
resistance mechanisms underscores the adaptability of tumors
and the need for multifaceted therapeutic strategies. Advances
in next-generation inhibitors, rational drug combinations, and
novel modalities such as PROTACs, cellular therapies, and
immune-oncology approaches are paving the way to overcome
resistance. Equally critical is the integration of precision
diagnostics, including ctDNA monitoring and comprehensive
molecular  profiling, which enable dynamic treatment
adaptation. Ultimately, a deeper understanding of the molecular
underpinnings of resistance, coupled with innovative
therapeutic strategies, will be essential to achieve durable and
curative outcomes for patients. The battle against resistance is
ongoing, but it also represents an unprecedented opportunity to
refine cancer therapy into a truly personalized discipline.

Acknowledgement

None.

2025

Journal of Medical Oncology

Vo0l.08 No.01:03

Conflict of Interest

None.

References

1. Leao T, Castelao G, Korobeynikov A, Monroe EA, Podell S, et al.
(2017). Comparative genomics uncovers the prolific and distinctive
metabolic potential of the cyanobacterial genus Moorea. Proc Natl
Acad Sci 114: 3198-3203.

2. Dhakal D, Chen M, Luesch H, Ding, Y. (2021). Heterologous
production of cyanobacterial compounds. J Ind Microbiol
Biotechnol 48: kuab003.

3. LeeY, Phat C, Hong SC (2017). Structural diversity of marine cyclic
peptides and their molecular mechanisms for anticancer,
antibacterial, antifungal and other clinical applications. Peptides 95:
94-105.

4. O'Connor OA, Horwitz S, Masszi T, Van Hoof A, Brown P, et al.
(2015). Belinostat in patients with relapsed or refractory peripheral
T-cell lymphoma: Results of the pivotal phase Il BELIEF (CLN-19)
study. J Clin Oncol 33: 2492-2499.

5. Campbell P, Thomas CM (2017). Belinostat for the treatment of

relapsed or refractory peripheral T-cell lymphoma. Oncol Pharm
Pract 23: 143-147.

This article is available from: http://www.imedpub.com/journal-medical-oncology/


https://www.pnas.org/doi/abs/10.1073/pnas.1618556114
https://www.pnas.org/doi/abs/10.1073/pnas.1618556114
https://academic.oup.com/jimb/article-abstract/48/3-4/kuab003/6119914
https://academic.oup.com/jimb/article-abstract/48/3-4/kuab003/6119914
https://www.sciencedirect.com/science/article/pii/S0196978117302139
https://www.sciencedirect.com/science/article/pii/S0196978117302139
https://www.sciencedirect.com/science/article/pii/S0196978117302139
https://ascopubs.org/doi/abs/10.1200/jco.2014.59.2782
https://ascopubs.org/doi/abs/10.1200/jco.2014.59.2782
https://ascopubs.org/doi/abs/10.1200/jco.2014.59.2782
https://journals.sagepub.com/doi/abs/10.1177/1078155216634178
https://journals.sagepub.com/doi/abs/10.1177/1078155216634178
http://www.imedpub.com/journal-medical-oncology/

