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Cancer, a complex and multifaceted disease, arises from the
A uncontrolled growth of cells and is a leading cause of
Received: 15 July 2024 mortality ~ worldwide.  This review provides a
comprehensive overview of cancer, starting with its basic
Accepted: 25 Aug 2024 pathology and historical background, tracing the evolution
of our understanding from early medical texts to modern
Published: 05 Sep 2024 scientific breakthroughs. The discussion covers the

chemistry of cancer, including the role of DNA mutations,
. oncogenes, tumor suppressor genes, and the body's repair
doi: 10.48047/AFJBS.6.15.2024.4467-4477 mechanisms. ~ Cancer  epidemiology is  explored,
highlighting risk factors, global incidence patterns, and the
importance of early detection. Current trends in cancer
treatment are analyzed, with a focus on personalized
medicine, genomics, and the integration of artificial
intelligence in diagnostics. Emerging therapies, such as
targeted treatments, nanotechnology, and phytoconstituents,
are examined for their potential to revolutionize cancer
care. Additionally, the review addresses the challenges and
opportunities in translating these innovations from the
laboratory to clinical practice. The role of technology, such
as robotic surgery and wearable devices, in improving
patient outcomes is also discussed. Finally, the future
directions of cancer research, particularly the integration of
phyto-constituents  with  conventional therapies and
immunotherapy, are explored, emphasizing the need for
sustainable practices in sourcing medicinal plants. This
review underscores the ongoing advancements in cancer
research and the importance of a multidisciplinary approach
to tackling this formidable disease.
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Cancer

1. Introduction to cancer

The uncontrolled development of cells is known as Cancer. A group of diseases known as cancer is caused by
aberrant cell growth with the potential to propagate to other organs.Cancer is also known as neoplasia which
means formation of new cell growth. This abnormal growth of cells leads to formation of Tumors. Tumors can
be cancerous and uncancerous. The cancerous tumors are known as malignant tumor it grows rapidly in the
body tissues/organs and spread throughout the body from one organ to organ and grow new cancer cells by
process metastasis. The uncancerous tumors are known as benign tumors are localized, microscopic and don’t

spread in the body. This can be removed by the surgery process. 21

2. Scope of cancer

The scope of cancer is vast, affecting millions of people worldwide, and it presents significant challenges for
individuals, healthcare systems, and societies.

Nearly 10 million deaths worldwide will be attributed to cancer in 2020, reported by World Health
Organization (WHO). The cases of cancer is rising due to several factors, including an aging population,
elevated contact to risk variables like poor eating habits, tobacco use, and inactivity and environmental
pollutants.

Many cancers identified at a later stage after extensive investigation when they are more difficult to handle.
Early identification through screening and awareness programs can significantly improve survival rates. For
example, Colonoscopy for colon cancer, and mammogram for breast cancer is effective screening tools that can
detect cancer early.

Treatment of cancer has developed significantly over the past times. Traditional cornerstones of cancer care
continue to be procedures like radiation therapy, chemotherapy, and surgery. Cancer treatment remains
complex and often requires a collaborative approach. Surgeons, radiologists, oncologists, pathologists, and
more medical specialists work together to create personalized treatment plans for patients. Treatment for cancer
can have serious side effects that lower quality of life, necessitating supportive care and rehabilitation services.
The economic impact of cancer is substantial. The value of receiving cancer treatment, including treatment,
hospital stays, and lost productivity, are significant. Additionally, the emotional and psychological toll on
patients and their families is profound, highlighting the need for comprehensive support systems. !

3. Types of cancer
Cancer comes in far too many varieties. As a scenario brain cancers grows in the brain, whereas lung cancers
grows in the lungs. Additionally the form of cells that caused malignancy to develop can be used to characterize

it, such as
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3.1. Carcinoma

A carcinoma is the most frequent type of cancer. Under a microscope, the cells that cover the exterior and
interior surfaces of the body resemble columns. These cells are called epithelial cells. The majority of cancers
of the breast, colon, and prostate are adenocarcinomas.

3.2. Sarcoma

Sarcomas are cancers that can grow in the fibrous tissue of tendons and ligaments as well as the soft tissues of
the bone, including muscles, blood, and lymph vessels. The most common types of soft tissue sarcoma are
liposarcoma, Kaposi sarcoma, and malignant fibrous histiocytoma.

3.3. Leukemia

Cancers that develop close to bone tissues are known as leukemia. These cancers do not give rise to solid
tumors. The buildup of abnormal white blood cells in excess leads to a decrease in normal blood cells in the
bone marrow and blood.

3.4. Multiple Myeloma

Multiple myeloma is caused by plasma cells abnormal plasma cells called myeloma cells build up in the bone
marrow and form tumors. Another name for multiple myeloma is plasma Kahler disease.

3.5. Melanoma

Cancer that begins in cells that differentiate into melanocytes specialized cells that make melanin. Melanomas

grow in other pigmented tissues, such as the eye, despite most frequently occurring on the skin. [l

4. History of cancer

Cancer has been documented in both humans and other animals throughout recorded history. Some of the early
documented cases of cancer can be found in books from antiquity, human mummies from Egypt, and fossilized
bone tumors. Mummies have been observed to have osteosarcoma growths, a type of bone cancer.

Hippocrates, the Greek physician who lived from 460 to 370 BC, is referred to as the "Father of Medicine."
Hippocrates distinguished between tumors that formed ulcers and those that did not by using the name
carcinoma. Although malignant tumors are still compared to crabs in Hippocrates' and Celsus's descriptions
Galen's name for cancer specialists is now oncologists.

Scientists like Galileo and Newton started using autopsies, a scientific method, to research sickness in the
fifteenth century. Harvey's (1628) autopsies provided insight into the previously unknown process of blood
flow throughout the body and heart. In order to determine the reason of death, doctors began dissecting bodies
in the 16th and 17th centuries. Professor Wilhelm Fabry of Germany thought that a mammary duct milk clot

was the source of breast cancer.
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Scientific oncology emerged in the 19th century, utilizing the new microscope to examine sick tissues. Often
referred to as the father of cellular pathology, Rudolf Virchow laid the scientific groundwork for today's
pathologic analysis of cancer. Many other treatments, such as x-rays, the tumor suppressor gene technology,

targeted therapy, immunotherapy, and chemotherapy, were developed in the 20th and 21st centuries. © !

5. Chemistry of cancer

5.1. Mutations in DNA and Oncogenes

Genetic mutations are alterations in the DNA's nucleotide sequence. These changes can take many different
forms, including duplication, insertions, deletions, and point mutations. Proto-oncogenes are normal genes
involved in cell development and differentiation; Oncogenes are mutant versions of these genes. Oncogenes
have the ability to induce unchecked cell proliferation and cancer when they are mutated or expressed
inappropriately.

5.2. Tumor Suppressor Genes

Tumor suppressor genes control the growth of cells by either preventing division or encouraging apoptosis, or
programmed cell death. These growth restrictions can be lifted by mutations in these genes like breast
cancerland breast cancer2 enabling cells to multiply uncontrolled. Leads to cause of breast and other cancers. []
5.3. DNA Repair Mechanisms

Inadequate mechanisms for repairing damaged DNA can result in a build-up of mutations, which can aid in the
development of cancer. For example, Double-strand DNA breaks are repaired by BRCA1 and BRCA2, and

abnormalities in these genes has been connected to ovarian and breast malignancies. [

6. Cancer Epidemiology

Epidemiology is essential for creating preventative, diagnostic, and therapeutic plans that work. The term
"epidemiology" refers to the study of how diseases affect populations and the factors influencing their
distribution. When it comes to cancer, epidemiology certain substances, such benzene, asbestos, and certain
chemicals, can raise the risk of cancer.

6.1. Understanding Cancer Incidence and occurring

Globally, cancer incidence varies by type, geography, and demographics. For instance, certain cancer like lung,
breast, and colorectal cancers are more common in developed countries because of lifestyle factors, while
others, such as cervical cancer, are more common in developing regions due to differences in access to
screening and preventive measures.

6.2. Risk Factors and Determinants

Cancer epidemiology focuses heavily on identifying cancers are more prevalent risk factors that raise the
possibility of cancer development. These danger signs can be broadly categorized into modifiable.

6.2.1. Modifiable Risk Factors:
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Major modifiable risk factors include:

1. Tobacco Use: cancers are more prevalent it is commonly known that Smoking raises the possibility of
becoming several malignancies, especially lung cancer. Additionally, it raises the chance of bladder,
esophageal, throat, and oral cancers.

2. Diet and Obesity: Diets deficient in fruits and greens and heavy in processed and red flesh along with
obesity, have been connected to various cancers, including colorectal cancer.

6.2.2. Environmental Exposure: Exposure to carcinogens in the environment or workplace, certain

substances, such benzene, asbestos, and certain chemicals, can raise the risk of skin cancer. [

7. Cancer surveillance and trends

Cancer surveillance involves monitoring cancer incidence and outcomes over time to identify trends and
patterns. This data helps public health officials allocate resources and develop strategies for cancer prevention
and control.

7.1. Survival Rates and Results

The rates of cancer survival have generally enhanced over the previous few decades as a result of developments
in therapeutic assistance, and early detection. Rates of survival can differ greatly depending on the type of
cancer and the diagnosis stage, and other factors such as age and overall health.

e Five-Year Survival Rate: This is a common metric used to assess cancer prognosis. It represents the
percentage of patients who survive the diagnosis for at least 5 years. For instance the rate of survival for
five years in prostate cancer is high compared to more aggressive cancers like pancreatic cancer.

7.2. Prevention and Screening
Cancer epidemiology also highlights the significance of early detection and prevention. Preventive measures
can significantly reduce cancer risk and improve survival rates.

e Screening Programs: Regular screening can early detection of tumors when they are more manageable.
Breast scans for breast tumors, a Pap test for cervical carcinoma, are examples of common screening
tests.

e Trends and Future Directions: Analyzing trends over time helps in understanding shifts in cancer
patterns. For instance, the rise in certain cancer types may be attributed to changes in lifestyle or
environmental exposures, while declines in others may reflect improvements in prevention and

treatment, (10 111

8. Clinical manifestation
Clinical manifestations of cancer refer to the signs and symptoms that patients may experience due to the
presence and effects of cancer in their body. Recognizing these manifestations is essential for early detection,
diagnosis, and therapy planning.
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8.1. Manifestations Based on Cancer Type:

e Breast Cancer: Besides a lump, symptoms may include variations in the breast's skin, nipple discharge,

or size or form.

e Prostate Cancer: Symptoms can consist of pelvic pain, erectile dysfunction, blood in the urine, and

trouble urinating.

e Lung Cancer: breathing difficulties, chest pain, and a chronic cough, and coughing up blood are typical

signs.

e Colorectal Cancer: Symptoms may manifest as altered bowel movements, bleeding in the stool or

unexplained anemia.

e Skin Cancer: moles or other skin lesions changing in size form, or color, as well as non-healing ulcers,

can suggest dermal cancer.

e Leukemia: Symptoms can include fatigue, bleeding, frequent infections, and swollen lymph nodes.
Cancer can also lead to psychosocial manifestations such as anxiety, depression, fear of recurrence, and
changes in body image due to treatment effects or surgery.

8.2. Importance of Clinical Manifestations

1. Diagnosis: They provide essential clues that help healthcare providers identify the underlying disease or
condition.

2. Treatment: Manifestations guide treatment decisions, helping to tailor therapies to individual patients.

3. Monitoring: They are used to track disease progression or response to treatment over time.

4. Patient Communication: Manifestations form the basis of patient-doctor communication, as patients often
describe their symptoms to seek medical help. *?]

8.3. Psychosocial Manifestations

Cancer can also lead to psychosocial manifestations such as anxiety, depression, fear of recurrence, and
changes in body image due to treatment effects or surgery. Patients may experience social isolation, financial

stress, and difficulties in coping with the emotional impact of their diagnosis.

9. Latest trends

9.1. Personalized Medicine and Genomics

The state of cancer treatment is leading the way in personalized medicine, emphasizing the importance
of tailoring therapies according to each patient's unique genetic profile. Advances in genomic sequencing
technologies have enabled researchers to better understand the genetic mutations driving different cancers. By
examining the DNA of a patient's tumor, doctors can identify specific mutations and choose the targeted
treatments with the highest chance of success. [**]

9.2. Early Detection and Diagnosis
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i. Liquid Biopsies: Using liquid biopsies, which include testing a blood sample used for tumor DNA fragments
or cancer cells have gained significant attention. This method is particularly useful for monitoring cancer
progression and detecting resistance to treatments.

ii. Artificial Intelligence and Machine Learning: These two fields of study are revolutionizing cancer
detection & diagnosis Atrtificial intelligence systems can accurately evaluate medicinal pictures, including CT
scans and mammograms, frequently matching or surpassing the performance of human radiologists. These tools
are able to spot minute patterns that the human eye could overlook, leading to earlier and more accurate
diagnoses. 4]

9.3. Emerging Therapies and Innovations

I. Personalized Vaccines: vaccinations against cancer are being created to boost immunological response to
target specific antigens found on cancer cells. Personalized vaccines, created according to the distinct mutations
in a person's tumor, represent a cutting-edge approach. These vaccines aim to strengthen the immune system's

defenses against cancer cells in particular, potentially leading to more effective treatments. [*°]
9.4. Technological Integration

i. Wearable Technology and Local Tracking: Wearable technology and technologies for remote monitoring
are being integrated into cancer care. These gadgets can monitor a patient's vital signs, degree of activity, and
even specific biomarkers, providing continuous data to healthcare providers. This real-time monitoring helps in

managing symptoms, adjusting treatments promptly, and improving overall patient outcomes. 6]

10. Treatment of cancer

Cancer treatment is a multifaceted field aimed at eradicating cancer cells, controlling their growth, and
managing the symptoms of the disease. As among the most complex and changing fields of medicine, such as
cancer treatment encompasses several strategies, each suited to the particular kind of cancer and its stage an
outline of the primary categories and their elements is provided below:

10.1. Chemotherapy

Chemotherapy uses drugs to either kill or stop the growth of cancer cells. These drugs can be administered
either injection or orally. Chemotherapy is usually systemic, meaning it affects the whole body, and is often
used when cancer has spread or is at high risk of spreading. "]

10.2. Hormone Replacement Treatment

Cancers that are treated with hormone therapy are influenced by hormones, like malignancies of the breast and
prostate. It functions either way lowering the levels of hormones in the body or blocking their effects. [*8]

10.3. Targeted Therapy

Targeted therapy aims at specific molecules engaged in the development and spread of cells that are cancerous.

Targeted therapy differs from conventional chemotherapy in that it doesn't affect both malignant and healthy
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cells are designed to specifically attack cancer cells. [*°]
10.4. Transplantation of stem cells
Stem cell transplants, also referred to as bone marrow transplants, involve substituting healthy stem cells for
bone marrow that has been injured or destroyed. This process is often used to treat cancers like leukemia and
lymphoma. 2%
10.5. Nanotechnology
Nanotechnology is a newly developing field that shows possibilities for treating cancer. Nanoparticle
engineering can be used to directly deliver drugs to cancer cells. Increasing therapy effectively and decreasing
side effects. These particles can be made to discharge their cargo in reaction to particular triggers, like the
acidic environment of a tumor.
Nanoparticles can be used in imaging techniques to improve the detection and visualization of tumors at the
molecular level. This enhanced imaging can lead to earlier diagnosis and better monitoring of treatment
progress. 241
10.6. Robotic Surgery
Robotic surgery technologies, like the Surgical System, provide physician more control and precision when
doing operations. Minimally invasive surgery is made possible by these systems, which can result in shorter
recovery times, less discomfort, and a lower chance of problems. Robotic platforms improve surgical results by
providing high-definition 3D imaging and the capacity to execute intricate movements with extreme precision.
[22]
10.7. Role of phytoconstituents

e Reducing Inflammation
One established risk factor for the onset of cancer is chronic inflammation. Strong anti-inflammatory properties
are exhibited by phytoconstituents such as curcumin from turmeric, resveratrol from grapes, and gingerol from
ginger. By preventing the synthesis of pro-inflammatory cytokines and enzymes, they lessen inflammation and
hence the chance that cancer may manifest.

e Induction of Apoptosis
Programmed cell death, or apoptosis, is an essential process by which the body gets rid of unhealthy or aberrant
cells. Numerous phytoconstituents can cause cancer cells to undergo apoptosis while sparing healthy cells. For
instance, substances such as epigallocatechin gallate (EGCG) from green tea and genistein from soy have been
shown to trigger apoptotic pathways, thereby reducing tumor growth. 2l
10.8. Clinical Applications and Challenges
The translation of phyto-constituents from the lab to the clinic involves several challenges, including:
i. Bioavailability: Many phyto-constituents have poor bioavailability, meaning they are not easily absorbed or
retained in the body. Strategies to improve bioavailability, such as nanoparticle delivery systems and chemical

modifications, are under investigation.
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ii. Standardization: Ensuring consistent quality and concentration of phyto-constituents in extracts is crucial
for clinical efficacy. This requires standardized extraction and manufacturing processes.

iii. Synergistic Effects: Phyto-constituents often work synergistically with other compounds understanding
these interactions are important for developing effective combination therapies. 24

10.9. Future Directions

The future of phyto-constituents in cancer research looks promising, with several emerging trends:

e Combination Therapies: Phyto-constituents are being studied in combination with conventional
chemotherapies and targeted therapies to enhance efficacy and decreases the adverse effects.

e Precision Medicine: Progress in Genomics and Customized Medicine are enabling the identification of
specific phyto-constituents that may be particularly effective against certain cancer types or genetic
profiles.

e Integration with Immunotherapy: There is growing interest in combining phyto-constituents with
immunotherapy to enhance the immune response against cancer.

e Sustainable Sourcing: With the increasing interest in phyto-constituents, sustainable sourcing and
conservation of medicinal plants are becoming important considerations. [2°]

Conclusion:

Cancer is a multifaceted disease that presents significant challenges in terms of diagnosis, treatment, and
prevention. The review highlights the vast scope of cancer, emphasizing its global impact and the need for early
detection and personalized treatment approaches. Advancements in genomic medicine, targeted therapies, and
nanotechnology are transforming cancer care, offering hope for more effective and less invasive treatments.
The integration of phytoconstituents, with their anti-inflammatory and apoptotic properties, represents a
promising avenue for future research, particularly in combination with conventional therapies. Despite these
advancements, challenges such as bioavailability and standardization persist, underscoring the need for ongoing
innovation and research. The future of cancer treatment lies in a multidisciplinary approach that combines
cutting-edge technology, personalized medicine, and a deep understanding of the molecular underpinnings of
the disease to improve patient outcomes and quality of life.
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