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Abstract

Millions of people die each year from cancer, an aberrant condition of cells that produces aggressive
tumours and unchecked cell multiplication. The development of several novel treatment regimens and
their subsequent trials are a result of our growing understanding of the illness and its molecular
mechanism of progression. Many malignancies are very difficult to diagnose and identify early. High
death rates are always the result of late-stage cancer discovery. The development of new, more sensitive,
and more efficient diagnostic and therapeutic techniques for cancer therapy is essential. Review the many
studies on advances in medicinal chemistry for the treatment of cancer in this article. The study found
that by improving medication biodistribution, allowing precision medicine, and reducing adverse effects,
"nanomedicine, targeted therapy, and nanotechnology" have transformed the treatment of cancer.
Advances in gene therapy, immunotherapy, and Al-driven diagnostics further refine patient-specific
treatments. Minimally invasive surgical techniques and thermal ablation offer effective alternatives to
tumor resection. The integration of Al, nanorobots, and engineered nanomaterials enhances early
detection, targeted drug delivery, and treatment efficacy. Collaborative efforts in medicinal chemistry
and Al will continue to drive breakthroughs in cancer therapeutics, improving patient outcomes.
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1 Introduction

Cancer is now treated using radiation treatment, chemotherapy, immunotherapy, hormone therapy,
targeted therapy, and surgery. Following the advent of targeted treatment, chemotherapy and radiation
therapy—two components of conventional cancer therapy—saw a significant transformation [1]. The
first innovative pharmacological method for treating cancer was the use of chemotherapeutic drugs,
which were cytotoxic to the tumours. Typically, they are developed to target the dysregulated processes
that occur inside cancer cells [2]. The main chemotherapeutic agents in the past were alkylating agents
and antimetabolites. Alkylating agents, which are medications based on nitrogen mustard, caused
cytotoxicity by adding alkyl groups to the bases of deoxyribonucleic acid (DNA) [3]. By stopping DNA
replication, antimetabolites (such as gemcitabine, fluorouracil, mercaptopurine, methotrexate, and
aminopterin) prevent cells from proliferating. Along with these, the chemotherapy also included anti-
mitotic drugs "(Vincristine, etoposide, paclitaxel, topotecan, taxol, etc.), polyamine transport inhibitors,
iron-modulating drugs (desferrioxamine, etc.)", and cytotoxic antibiotics (doxorubicin, actinomycin D,
bleomycin, etc.) [4], [5]-

A. Innovations and technological advancements

Technological developments and innovations have been crucial in changing the face of contemporary
healthcare, especially in the field of cancer. An example of this revolutionary advancement is the use of
robotic surgery in cancer [6]. Compared to laparoscopy and open operations, robotic surgery is a less
invasive surgical method that has several benefits [7]. It allows surgeons to perform complex procedures
more precisely and with less damage to important tissues because to its solid operating field,
magnification capabilities, and three-dimensional vision. This results in advantages for patients, such as
less scarring, less blood loss, faster healing, less problems from wounds, and shorter hospital stays [8],

[9].

Because they provide information on tissue shape, structure, metabolism, and functioning, biomedical
imaging methods are essential to the treatment of cancer. These strategies support clinical decision-
making when paired with other diagnostic approaches. The accuracy of cancer staging and treatment
planning is improved by hybrid imaging techniques [10]. Image-guided minimally invasive treatments
may lessen side effects and enhance treatment results. Advanced imaging technologies like "computed
tomography (CT) and magnetic resonance imaging (MRI)" have revolutionised surgery and medical care
because of their capacity to accurately see soft tissues and bones. For many medical situations, such as
cancer treatments, orthopaedic operations, reconstructive surgeries, and middle ear disorders, they
improve surgical techniques [11], [12].

One revolutionary development in cancer is personalised medicine, often known as precision medicine.
This technique carefully tailors therapies by taking into account a patient's medical history, lifestyle,
tumour environment, and genetic composition. It enhances the overall quality of life for patients,
minimises adverse effects, maintains organ function, and maximises treatment [13]. It represents a
change to a more efficient and patient-centered cancer care approach. These developments are mostly
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the result of translational research. The identification of prognostic and predictive molecular changes in
cancer has greatly improved since a one-size-fits-all strategy was replaced with a customised one driven
by molecular analysis [14]. Both localised and metastatic illness management has been significantly
impacted by the detection of gene mutations, amplifications, and fusions made possible by technologies
such as RNA sequencing and next-generation sequencing [15].

B. Common Cancer Treatment Options

e Blood & Bone Marrow Stem Cell Transplantation: Memorial Sloan Kettering performs
hundreds of adult stem cell transplants annually, making it one of the most skilled transplantation
centres in the US.

e Cancer Surgery: Not only are Memorial Sloan Kettering doctors committed to treating cancer,
but they also work to ensure that patients properly recover from their treatments.

e Chemotherapy: Cancer may be cured, controlled, or its symptoms can be lessened by
chemotherapy. Find out more about how we provide drug-based therapy to our patients.

e Immunotherapy Cancer Treatment: A novel approach to treating cancer is immunotherapy,
which targets cancer cells by triggering the immune system.

e Interventional Radiology: For some individuals, interventional radiology offers a less intrusive
option to surgery by using catheters and needles.

e Radiation Therapy for Cancer: Tumours may be destroyed by radiation treatment or may not
recur. This treatment may be used alone, in conjunction with chemotherapy, surgery, or both.
Find out how MSK uses radiation therapy and what kinds of treatments are available.

e Targeted Therapy & Precision Oncology: Discover precision oncology and genetic targeted
treatment for cancer at MSK. In order to prevent cancer from spreading, this kind of cancer
therapy targets certain gene alterations in cancer cells and tumours.

2 Literature Review

(Kuzminska et al., 2024) [16] Because of its proven ability to stop tumour development, curcumin has
sparked interest in its potential to treat a number of malignancies, including those of the breast, lung,
prostate, and brain. Curcumin's weak water solubility, low bioavailability, and low chemical stability,
however, restrict its therapeutic use. Curcumin's pharmacological qualities, such as improved anticancer
selectivity index and bioavailability, have been improved by structural alterations in response to these
difficulties. This study identifies prospective curcumin chemical changes that may result in the creation
of more potent anticancer treatments. Researchers hope to produce more stable, bioavailable molecules
with improved therapeutic potential by functionalising the parent curcumin molecule. This makes
curcumin derivatives attractive options for use in medicine.

(Liu et al., 2024) [17] Gene therapy, cell-based therapeutics, antibody-drug conjugates (ADCs), and
small molecule targeted medicines are becoming highly sought-after methods. In addition to offering
patients more therapeutic comfort and the possibility to slow the development of their illness, these state-
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of-the-art therapy techniques also enable precise and personalised tumour targeting. We covered the
many therapeutic techniques in this study, such as gene therapy, cell therapy, peptide and antibody
medicines, and small molecule targeted medications. Each approach will be thoroughly explained,
including its current state of development, clinical difficulties, and possible remedies. In order to provide
successful therapy and more effectively progress research, the goal is to help researchers and doctors
develop a greater knowledge of these many treatment alternatives.

(Kong et al., 2023) [18] Both in vitro research and in vivo applications have made the many practical
applications of nanobots for cancer treatment a reality. In this study, we analyse and assess the most
recent advancements in nanobots in cancer treatment, with an emphasis on their key features and
applications in "drug administration, tumour sensing and diagnostics, targeted therapy, minimally
invasive surgery, and other" all-encompassing therapies. At the same time, we talk about the difficulties
and possible avenues for nanobot research to transform cancer therapies. Before evolving into real
nanosubmarines in the bloodstream, medical nanobots are expected to become more sophisticated and
capable of performing a range of medical tasks.

(Helms et al., 2023) [19] Finding novel therapy combinations to enhance outcomes for diseases like
sarcomas and brain tumours requires ongoing progress in our knowledge of the biology of tumour
heterogeneity. Access to new technologies that attempt to lessen or better manage therapy-related
toxicities is necessary for paediatric cancer survivors. Paediatric oncology patients still need long-term,
interdisciplinary subspeciality care despite improvements in survival and therapy. For paediatric cancer
survivors to get the best treatment possible throughout their lives, communication between paediatric
oncologists, primary paediatricians, survivorship clinics, and adult primary care must be improved. In
order to emphasise recent developments and opportunities for ongoing improvement, we address five
primary areas of paediatric oncology in this State-of-the-Art review: lowering toxicity, cancer biology,
innovative therapeutics, detection and monitoring, and access to care.

(Shams et al., 2023) [8] highlights important developments in both medical and surgical oncology by
examining the development of cancer therapies throughout time. Neoadjuvant and adjuvant therapy, as
well as the importance of multidisciplinary tumour boards, are highlighted in the article, which highlights
the combination of medical surgery. Additionally, it discusses developments, difficulties, and the critical
function of patient-centered care. Additionally, it provides information on how the rapidly changing area
of integrated oncological care is expected to develop in the future. This research provides a clear
understanding of the dynamic and transformative nature of cancer treatment, reflecting the unwavering
commitment of the surgical and medical communities to the ongoing fight against cancer.

(Chehelgerdi et al., 2023) [20] Cancer diagnosis and therapy might be completely transformed by the
use of nanotechnology. In this study, several of the approved formulations are analysed, and the
difficulties in transferring laboratory results to clinical settings are discussed. The many chemicals and
nanocarriers that may be used for targeted tumours and the inherent challenges of cancer treatment are
highlighted in this research. In the future, nanotechnology has promise for enhancing cancer diagnosis
and therapy; however, further investigation is required to get over the present clinical translation barriers.
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(Anand et al., 2022) [21] Despite its acknowledged negative effects on patients' physical and mental
well-being, chemotherapy is still a commonly used treatment option for cancer, despite mounting
research that suggests a more methodical and focused approach may be the way of the future. In recent
decades, chemotherapeutic drugs and pharmaceuticals have been the first option for advanced-stage
cancers when surgery and/or radiation treatment cannot be recommended for certain reasons. In addition
to evaluating the current state of the enrolled medications and pharmaceuticals, the current report
provides a concise overview of the latest developments in chemotherapy. It also thoroughly examines
the growing significance of targeted and specific therapeutic approaches currently being used to improve
clinical and survival rates for cancer patients.

(Pucci et al., 2019) [22] A lot of work is being done in oncological research to develop effective novel
treatments that might minimise serious adverse effects from traditional treatments. Various technologies
are either already in clinical use or are now being assessed in clinical studies. Bioengineering
extracellular vesicles and patient cells has enabled the development of ad hoc systems and precise
targeting methods, even if nanomedicine is assisting in the development of "biocompatible materials for
both therapeutic and diagnostic uses". An extensive examination of the most recent developments in
both fundamental and applied cancer research is given in this review.

3 Conclusion

The combination of surgical and medical advancements has resulted in a dramatic change in the field of
cancer therapy in recent years. Nanomedicine, combined with targeted therapy, has significantly
improved the biodistribution of chemotherapeutic agents, enhancing treatment precision while
minimizing side effects. Cancer patients have fresh hope thanks to emerging techniques including "gene
therapy, siRNA delivery, immunotherapy, and antioxidant compounds". Thermal ablation and magnetic
hyperthermia present promising alternatives to conventional tumor resection. Additionally, radiomics
and pathomics enable efficient data management, improving prognosis and treatment outcomes. In
pediatric oncology, efforts are focused on breaking survival plateaus and minimizing toxicity. Medical
and surgical oncology continue to evolve, with precision medicine tailoring treatments to individual
patients and minimally invasive techniques prioritizing organ preservation. Advances in protein
engineering and nanotechnology facilitate nanoscale targeting, improving efficacy and reducing adverse
effects. Al integration in healthcare, including models like GPT-4, LLaVA-Med, and Huawei’s Al-
assisted screening, is revolutionizing cancer diagnosis and early detection. To fully harness nanorobotics
in cancer treatment, collaboration between material scientists, Al experts, and medical researchers is
essential. Nanomaterials incorporating natural compounds enhance tumor specificity and therapeutic
effectiveness, ultimately improving patient compliance. Innovations in medicinal chemistry, driven by
these advancements, are reshaping cancer treatment, offering more effective, personalized, and less
invasive therapeutic solutions.
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