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Crowned “The Emperor of All Maladies” by the physician Siddhartha Mukherjee in
his eponymous work, cancer towers as the most severe healthcare problem of the
21st century. In 2020, a staggering 19.3 million cases were reported worldwide. By
2025, this is predicted to climb to 30 million in India alone, making it the cancer
hotspot of Asia. In light of this, it is imperative that current diagnostic and
therapeutic strategies for treating this aggressive disease are better understood by
the wider public.

Though cancer research has been at the forefront of biomedical research for 250
years, early-stage diagnosis remains a challenge because it can develop for any
number of reasons. These include poor lifestyle choices, and contact with mutagens
like radiation or viruses which can result in genetic changes with deadly
consequences. Mutagens specifically can alter the genetic composition of the cell
resulting in loss of contact inhibition. This is an essential feature that allows cells to
regulate their growth and division, without which the cell can grow uncontrollably,
ultimately developing into a tumour. If untreated, this can result in cancer with
potentially fatal consequences.

Along with this decreased response to growth-inhibiting signals, cancer cells can
also be immune to programmed cell death (apoptosis) and extremely susceptible to
spreading to different organs (metastasis). As such, current research is geared
towards developing more effective treatments.
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Chemotherapy is one such treatment that uses one or more anti-cancer drugs
simultaneously. Novel compounds like Cisplatin, Carboplatin, and Oxaliplatin are a
few examples of the platinum-based chemotherapeutics that are currently very
effective against cancer. However, such treatments are notorious for their numerous
side effects, such as hair loss, infections, anaemia, bleeding and toxicity in a range of
organs.

With the global threat of cancer looming over us, can alternative treatments
targeting only cancerous cells be developed and delivered to patients?

This targeted drug action was first theorised by the German Nobel laureate, Dr. Paul
Ehrlich over a century ago and is the basis of the globally acclaimed Targeted Drug
Delivery Systems (TDDS). This treatment loads chemotherapeutic drugs like Cisplatin
into nanoparticles which are functionalised with surface ligands that conjugate to
the overexpressed surface receptors on malignant cancer cells, enabling precise and
directed therapeutic payload delivery.

The versatility of these nano drug delivery systems stems from their customisability
which allows them to treat many different types of cancers. Usually composed of
lipids in the form of micelles, they can also be prepared using gold and silver
nanoparticles called quantum dots - as long as they are functionalised to be
biologically compatible. This is why DNA-based nano-systems which are extremely
biocompatible have become of specific interest in the field. After these loaded
nanobots reach the target cell, the process of drug delivery can be further
stimulated to increase the efficacy of the treatment. In some cases of skin cancer,
low-frequency ultrasound waves have been successful in disrupting the skin's barrier
function, facilitating better drug absorption.

Researchers can verify this by preparing magneto-fluorescent nanoparticles which
allows the drug action to be visually observed. Due to their improved optical and
magnetic characteristics, these particles experience robust magnetic resonance and
emit fluorescence resulting in high-resolution imaging. Not only could this
revolutionise cancer diagnosis and open the door to tailored treatments, this level of
molecular monitoring could also ease concerns which have long plagued
nanotechnologies.

Cancer treatment has been transformed by nanomedicine as it efficiently targets
drug delivery to cancerous cells without the harmful side effects observed using
current chemotherapies.Although in its preclinical stage, nano-based cancer
treatments have proven to be very efficient but are not without their limitations. The
expense associated with creating and developing such versatile systems has
presented a significant challenge to wide scale production, which would only drive
up prices for practitioners and potential patients. This is undoubtedly an exciting
area of cancer research, exemplified by the 50,000 papers published in the field of
nano-oncology in the last 20 years. With over 200 types of cancer affecting around
20 million people globally, serious investment is required to implement nano-based
cancer treatments to support global healthcare infrastructure.
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