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ABSTRACT: Cancer remains a major global health concern characterized by the uncontrolled growth and
spread of abnormal cells. Early detection is essential for improving survival rates, prompting advancements
in diagnostic technologies. Traditional methods such as imaging, biopsies, and laboratory tests, while
foundational, face limitations in sensitivity, particularly for early-stage cancers. Recent breakthroughs include
advanced imaging techniques like Positron Emission Tomography (PET), Computed Tomography (CT), and
Magnetic Resonance Imaging (MRI), which provide precise insights into tumor anatomy and metabolic
activity. Molecular diagnostics, including multi-parameter flow cytometry, synthetic biomarkers, and liquid
biopsy, enhance early detection by identifying specific tumor markers in blood or tissues. Nanotechnology,
with tools like gold nanoparticles and quantum dots, improves sensitivity for biomarker detection and
imaging. Additionally, artificial intelligence (Al) revolutionizes diagnostics by automating imaging analysis,
improving accuracy, and facilitating early-stage cancer detection in breast and colorectal cancers. Emerging
tools such as microfluidic technology, exosome analysis, and circulating tumor DNA (ctDNA) monitoring
further refine early cancer diagnosis and prognosis. These advancements enable non-invasive, highly sensitive
detection methods, improving personalized treatment strategies, disease monitoring, and overall patient
outcomes.

INDEX TERMS - Types of cancer, Cancer screening, Treatment, Early cancer diagnosis, advancement

1.INTRODUCTION:

A group of diseases known as cancer are defined by the unchecked development and dissemination of aberrant
cells. If metastasis the term for the spread of cancer at this stage is not controlled, it may be fatal. Numerous
internal (hormones, immune system disorders, random mutations, and inherited mutations) and external
(tobacco, chemicals, radiation, and infectious organisms) factors contribute to cancer. Cancer has many
different, intricate, and poorly understood causes. Numerous variables are known to raise the risk of cancer,
such as environmental contaminants, obesity, lack of physical exercise, certain infections, and nutritional
factors. Together, these elements may start or encourage carcinogenesis in the human body, making cancer
the primary cause of death.
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Cancer has become one of the causes of death India. It is estimated that there nearly 2 to 2.5 million cancer
cases at any given point of time. Over 7 lakhs new cases and 3 lakh death occur annually due to cancer. About
15 lakhs patients require offices for conclusion, treatment and take after up at a given time.
1.1.Carcinogens: Carcinogens are a class of substances that directly cause DNA damage and either cause or
contribute to cancer. Carcinogens include things like tobacco, asbestos, arsenic, radiation from the sun,
gamma and x-rays, and compounds found in vehicle exhaust fumes. Free radicals, which attempt to steal
electrons from other molecules in the body, are created when our bodies are exposed to carcinogens. These
free radicals harm cells and impair their normal operation. %2

2.TYPES OF CANCER:[?4

2.1.0n the basis of tissue effected:
There are five wide categories which demonstrates the tissue and blood classifications of cancer.

e Carcinoma: Melanoma, basal cell carcinoma, squamous cell skin cancer, and Merkel cell carcinoma
are the four primary forms of carcinoma. Carcinoma is a type of cancer that develops in the tissue
known as "epithelial tissue" that covers the surfaces of organs, glands, or bodily structures.

e Myeloma: It develops in bone marrow plasma cells; occasionally, the myeloma cells clump together
in a single bone to create a single tumour known as a plasmacytoma. Multiple myeloma, on the other
hand, is a condition in which myeloma cells gather in numerous bones to develop numerous bone
tumours.

e Sarcoma: It is a cancerous growth that develops from connective tissues, including bones, muscles,
tendons, cartilage, and fat. There are four different types of sarcomas: soft tissue sarcoma,
osteosarcoma, chondrosarcoma, and Ewing's sarcoma. The most prevalent types of sarcomas are of
the bone, such as osteosarcoma, which occurs in bone, and chondrosarcoma, which occurs in cartilage.

e Lymphoma: Lymphoma is a form of cancer that starts in the lymphatic system's nodes or glands.

e Leukaemia: Often referred to as "blood cancer™” or bone marrow cancer, this condition prevents the
bone marrow from generating healthy red and white blood cells and platelets. Myelodysplastic
syndromes (MDS), essential thrombocythemia (ET), hairy cell leukaemia, acute lymphocytic
leukaemia, acute myeloid leukaemia, agnogenic myeloid leukaemia, and chronic myeloid leukaemia
are among the different types of leukaemia.

2.2.0n the basis of organ effected:
e Colorectal cancer
Lung cancer
Liver cancer
Stomach cancer
Cervical cancer
Bladder cancer
Oesophageal cancer
Cancer of the lip and oral depth
Nasopharyngeal cancer
Kaposi sarcoma
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3.CANCER SCREENING:P!

The routine use of specific examination tests in individuals who do not exhibit any cancer symptoms but are
at a high risk of getting specific cancer kinds is referred to as screening. Advances in cancer screening have
shown promise for early detection of many cancer forms, which frequently leads to higher cure rates.

3.1.Imaging test:

e Mammogram: Mammography screening recommendations and definitions of screening and diagnostic
mammograms are provided in this fact sheet.
e Computed tomography (CT): Questions and Responses A fact sheet outlining the CT scan process,
technology, and applications for diagnosis and therapy.
3.2.Laboratory test:

e Prostate-Specific Antigen (PSA) test: a fact sheet outlining the advantages and disadvantages of the
PSA screening test for prostate cancer.
e Papand HPV Testing: a fact sheet explaining HPV and Pap testing as part of cervical cancer screening.
Guidelines for cervical cancer screening are included in the fact sheet.
3.3.0ther testing information:

e Understanding cancer series: gene testing: The advantages of gene testing for cancer and other diseases
are covered in this lesson, along with an explanation of what genes are and how mutations in them are
found.

4. TREATMENTS:®

4.1.Radiation therapy: High-power emissions are utilized in this procedure to destroy or harm tumours,
cancer cells, and non-cancerous disorders; however, there are certain drawbacks, such as adverse
consequences.

4.2.Hormone therapy: This method involves using extra hormones to inhibit or prevent tumour growth or
spread. Additionally, the type of therapy is determined by a number of criteria, including the patient's age, the
size and form of the tumour, and many more.

4.3.Bone marrow and blood transplant: An uncommon and specialized treatment known as a bone marrow
and blood transplant involves transferring healthy bone marrow cells into a patient once their own unhealthy
bone marrow has been removed.

4.4.Biologic therapy: Treatments using substances that the patient's body naturally produces or that can be
used to stop the growth of cancer cells are known as biologic therapies.

4.5.Angiogenesis inhibitors: Angiogenesis inhibitors are the chemicals that stop blood vessels from forming.
Angiogenesis inhibitors are used in therapy to stop tumours from growing new blood vessels. Angiogenesis
inhibitors are effective for treating a variety of cancer.

4.6.Surgery: In certain situations, surgery can be used to diagnose, treat, or even prevent problems. The
majority of cancer patients will undergo surgery of some kind. It frequently has the best chance of being cured,
particularly if the cancer hasn't progressed to other body areas. Go here to learn more about surgery.
4.7.Stem cell transplant (peripheral blood, bone marrow and cord blood transplant): Here, we provide
an overview of stem cell transplants used to treat cancer, including bone marrow transplants.
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5.EARLY CANCER DIAGOSIS:"#l

Technological
advancements in cancer
diagnostics
Tumor Imaging techniques | | Molecular diagnostic techniques
Screening, Staging,
and Monitoring
therapeutic response
+ Positron emission tomography (PET) * Multi-parameters flow cytometry
* X-ray computed tomography (CT) * Next generation sequencing (NGS)
* Single photon emission computed tomography (PET) * Long noncoding RNAs (IncRNAs)
* Magnetic resonance imaging/ spectroscopy (MRI/MRS) * Oncotype Dx
+ Ultrasound + Synthetic biomarkers
+  X-ray + Immunohistochemistry
* Low-cost diagnostics and treatments
* ctDNA and liquid biopsy
» Exosomes
* Liquid biopsy
+ Nano technology
+ Volatile organic compound (VOC) analysis
* Fluorescence in situ hybridization (FISH)

Figure no 2: Recent technologies

The rising global cancer burden highlights the need for advanced diagnostics to enable early detection and
precise prognosis. Traditional methods like imaging (CT, MRI, PET) and biopsies are vital but more effective
in advanced stages. Emerging molecular diagnostics, including flow cytometry, immunohistochemistry, and
next-generation sequencing, enhance early detection, tumor classification, and therapy monitoring. Imaging
provides structural and metabolic insights but faces challenges like radiation exposure, cost, and signal-to-
noise issues. Molecular technologies address these gaps, improving accuracy and enabling precision medicine.
Integrating advanced imaging with molecular diagnostics enhances early diagnosis, optimizes treatments, and
improves patient outcomes significantly.

6.RECENT ADVANCE TECHNOLOGIES:
6.1.Imaging technique
6.1.1.Positron emission tomography: [

Positron Emission Tomography (PET) is a vital imaging technique in oncology, primarily used for assessing
the functional status of tumors. Unlike structural imaging methods (like X-ray or MRI), PET focuses on
metabolic activity, making it particularly effective for cancer diagnosis. Mechanism: PET scans utilize
radioactive tracers, such as 2-fluoro-2-deoxy-D-glucose (FDG), which target areas of high glucose
metabolism, a hallmark of cancer cells. When these tracers accumulate in tumor tissues, they emit gamma
rays that are detected to create images. Clinical Impact: This highlights the technique's crucial role in
informing treatment decisions, including the avoidance of unnecessary biopsies in many cases. Advancements
in Tracers: New tracers, such as 11C-methionine and 18F-DOPA, are being developed to enhance sensitivity
and specificity, allowing for better differentiation between cancerous and non-cancerous tissues.

6.1.2.X-ray computed tomography:

Computed tomography (CT) is a vital imaging method for cancer diagnosis and management, effectively
screening for various cancers, including colon, lung, head and neck, and breast cancers. Its high spatial and
temporal resolution aids in follow-up procedures such as biopsies, surgeries, and radio-chemotherapy.
Advancements like increased scan speed, dual energy techniques, iterative reconstruction, and radiation dose
reduction have enhanced the clinical utility of CT. CT is commonly paired with positron emission tomography
(PET) scans, which excel in functional imaging but lack spatial precision. The combination of PET and CT
improves anatomical localization, increasing the sensitivity and specificity of cancer detection. For example,
a study by Shawky et al. found that PET/CT had a sensitivity of 100% and a specificity of 95.4% for breast
cancer detection, significantly outperforming CT alone. Moreover, CT is often used alongside single-photon
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emission computed tomography (SPECT) in hybrid imaging, particularly for detecting skeletal metastases in
cancers like breast, prostate, and lung cancers.

6.1.3.Magnetic resonance spectroscopy:[°

One use of magnetic resonance imaging that offers chemical details about tissue metabolites is magnetic
resonance spectroscopy (MRS), also known as nuclear magnetic resonance spectroscopy. Recently, the
identification and classification of malignancies in various body parts has been added to MRS's reach.
Magnetic resonance spectroscopy (MRS) is an essential tool in cancer diagnosis, particularly for brain tumors
but also for various other cancers like pancreatic and breast cancer. Unlike traditional MRI, which primarily
measures water signals, MRS focuses on metabolites like lactate, N-acetyl aspartate (NAA), and choline.
Advanced techniques like hyperpolarized MRI and chemical exchange saturation transfer (CEST) enhance
MRS's capabilities, allowing for better characterization of tumors and metabolic changes. Hyperpolarized
13C-labeled substrates help monitor glycolysis in tumors, while CEST provides high-resolution imaging of
molecular interactions. These innovations improve early cancer detection and monitoring, enabling more
effective treatment strategies. Overall, MRS's ability to analyses metabolic profiles is crucial in distinguishing
between tumor types and assessing treatment responses.

6.2.Molecular diagnosis technology
6.2.1.Synthetic biomarker:™!!

manufactured biomarkers are a novel lesson of cancer symptomatic device that employments a biosensor
sensor put interior the body to recognize phenotypic changes at an early arrange of the tumor and increase
this cancer related signals to a really tall level that can be effectively evaluated. This approach is created based
on noteworthy propels made within the regions of chemistry, engineered science and cell building and is for
more delicate than strategies that dissect biomarkers that shed into the body liquids.

6.2.2.Exosomes:[*%

Exosomes are crucial for the beginning and growth of tumours in cancer. Furthermore, through mechanisms
including immunosuppression through the inhibition of immune cell growth, induction of apoptosis of
activated CD8+ T cells, and suppression of natural killer cell activity, they play a significant role in the
malignant evolution of cancer. Exosome counts are higher in cancer patients than in healthy people, according
to recent research. Exosomes are also thought to be a possible source of data for cancer detection as well as
assessment of tumour growth and metastasis. It has been demonstrated that the exosome sorting complex
responsible for transport (ESCRT) mechanism produces exosomes that closely mimic the contents of a parent
cell, making them appealing candidates for biomarkers. ESCRTs were first identified as a protein sorting and
membrane sculpting/scission mechanism utilising yeast in a series of genetic screens. In actuality,
transmembrane payloads cannot effectively enter the lysosome lumen when ESCRT activity is absent.
Numerous exosome-based studies are available for the diagnosis of glioblastoma (GBM), melanoma,
pancreatic, prostate, breast, and ovarian malignancies. Exosomes' biomarker potential is extremely promising
and has the potential to completely change how we identify and treat cancer. The most crucial issues in vesicle
biology are precisely quantifying and purifying exosomes.There are a number of contemporary techniques,
including non-optical and optical ones, including flow cytometry, dynamic light scattering (DLS), and
nanoparticle tracking analysis (NTA).

6.2.3.Nano technology:

Nanoparticles moreover come into play for the delicate discovery of cancer cells. For case, the separation and
characterization of circulating tumor cells (CTCs) presents challenges due to their generally moo wealth; by
the by, differing nanomaterials, counting attractive nanoparticles, nanowires, and dendrimers, are broadly
created and considered for exact CTCs discovery. Also, nanoparticle tests gather inside tumour tissues and
can serve as differentiate operators for in vivo cancer imaging, improving anatomical structure visualization.
these nanotechnology-based approaches too play a vital part in measuring treatment reaction, optimizing
treatment procedures. nanotechnology has been creating quickly amid the past few a long time and with this,
properties of nanomaterials are being broadly examined and numerous endeavours are made to manufacture
fitting nanomaterials. Due to their one of a kind optical, attractive, mechanical, chemical and physical
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properties that are not appeared at the bulk scale, nanomaterials have been utilized for more delicate and exact
biomarker location. Nanomaterials that have been connected to detecting cancer biomarkers shift from gold
nanoparticles, quantum dabs, attractive nanoparticles, carbon nanotubes and nanowires.

Gold nanoparticles: Gold nanoparticles (GNPs) are gaining attention in bio-imaging due to their unique
optical properties. Their strong surface-plasmon resonance enhances both absorption and scattering, making
them more effective imaging labels compared to conventional organic dyes, with absorption cross sections
that can be four to five orders of magnitude greater. Additionally, GNPs demonstrate superior
biocompatibility, reduced cytotoxicity, and resistance to photobleaching in human cell studies.

Quantum dots: Quantum dots (QDs) are semiconducting nanocrystals that have gained prominence as
powerful molecular imaging agents due to their unique optical properties. Unlike traditional organic
fluorescent dyes, which face limitations such as low photobleaching resistance and broad absorption/emission
peaks, QDs offer several advantages.[13]

6.2.4.Liquid biopsy:™*4

One of the new and unconventional diagnostic concepts is liquid biopsy, which uses bodily fluids including
blood, saliva, and urine to gather information on the molecular fingerprints of solid tumors through a
minimally invasive method. Because it can be used to track the disease's progression in real time, it has been
abused as a potent tool in personalized medicine. The analysis of circulating tumor cells (CTCs), ctDNA,
circulating (or cell free) miRNAs (CT miRNAs), and extracellular vehicles (EVs) is supported by liquid
biopsy. This has significantly improved the early detection, prognosis, and design of tumor-specific therapy,
ultimately leading to better cancer management. According to mechanistic and translational research using
CTC-derived cell lines and explants (CDx), liquid biopsy is currently one of the components of numerous
clinical trials that have enhanced our comprehension of the metastatic process.

6.2.5.Microfluidic technology: %!

Microfluidic technology is a potent tool for cancer diagnosis because it enables fluid manipulation at the
micron size. Its ability to carry out intricate laboratory procedures on a microchip with great accuracy and
efficiency enabled researchers to show that their platform was a dependable and easy way to separate
individual cells without labelling, which is essential for the study of specific therapeutic targets for the
detection of cancer cells and cell-derived products. The technology can also be used to monitor therapy
enabling research in the fields of genomes, transcriptomics, and metabolomics. Unusual cells, such as tumour
cells, fetal cells, and circulating stem cells, can be captured by it. More than 90% of cancer fatalities are caused
by metastases, hence the platform is particularly helpful for researching particular processes and available
treatments. The lack of a suitable microfluidic device that can perform all laboratory operations on a single
chip is a disadvantage of microfluidic technology. However, the technology has the potential to identify cancer
early and save lives by lowering and eliminating the obstacles to precise diagnosis.

6.2.6.Artificial intelligence: 161718l

Through the use of machine learning (ML) techniques that automate tedious activities and analyse vast
volumes of data, artificial intelligence (Al) holds great promise for transforming cancer screening, diagnosis,
and treatment. In particular, a type of machine learning called deep learning (DL) has shown promise in
identifying and classifying malignant lesions in a range of oncology applications. Especially for breast and
colon cancer, Al models have illustrated tall exactness in cancer screening, determination, expectation,
classification, and atomic marker recognizable proof. Additionally, in CNS cancers, Al and Radiomics have
enhanced postoperative surveillance, surgical planning, and glioma grading. Al may also be used to create
widely applicable cancer screening tools for colonoscopies and mammograms, which could increase the
detection rates of numerous cancer types. Al is being utilized to enhance colonoscopy detection of colonic
polyps, which can aid in colon cancer screening and diagnosis. To automate polyp identification during
colonoscopy and give additional characterisation of discovered polyps, computer-aided detection (CADe) and
computer-aided diagnosis (CADXx) systems have been created. Real-time Al-assisted colonoscopy has showed
greater adenoma detection rates (ADR) than colonoscopy alone, and Gastrointestinal (GI) Genius, an Al
system, has shown high detection rates and sensitivity for polyp identification. These Al-assisted algorithms
have the potential to lower adenoma miss rates and the risk of post-colonoscopy colorectal cancer by
supporting endoscopists with higher ADR during screening colonoscopy.
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7.CONCLUSION:

In conclusion, because of its intricate and multifaceted nature, cancer continues to rank among the world's
leading causes of mortality. Numerous cancers are caused by a combination of external and internal causes,
including lifestyle decisions and environmental exposures, as well as genetic abnormalities. Early detection
and treatment personalization are being improved by developments in diagnostic technology, including as
imaging methods, molecular diagnostics, and artificial intelligence. More potent treatments are being created
as a result of ongoing research and advancements in technology, giving cancer patients hope for improved
care, treatment results, and survival rates.
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