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Abstract

The field of oncology has evolved dramatically over centuries, tran-
sitioning from ancient theories to modern, technology-driven treat-
ments. This manuscript chronicles key milestones in cancer research 
and therapy, highlighting pivotal discoveries that have shaped the 
discipline. Early understandings of cancer, rooted in Hippocrates’ 
humoral theory and Galen’s black bile hypothesis, dominated un-
til the 19th century, when Rudolf Virchow’s cellular pathology and 
advancements in microscopy revolutionized cancer science. The 
late 19th and early 20th centuries introduced radiation therapy, fol-
lowing Wilhelm Roentgen’s discovery of X-rays and Marie Curie’s 
work with radium, laying the foundation for targeted tumor treat-
ments. The mid-20th century saw the rise of chemotherapy, begin-
ning with nitrogen mustard and antimetabolites like methotrexate, 
while hormonal therapies emerged for breast and prostate cancers. 
Surgical innovations, including minimally invasive techniques and 
sentinel lymph node biopsies, reduced invasiveness and improved 
recovery. The 21st century ushered in precision medicine, with tar-
geted therapies such as imatinib (chronic myeloid leukemia (CML)) 
and trastuzumab (human epidermal growth factor receptor 2-positive 
(HER2+) breast cancer), alongside breakthroughs in immunotherapy 
(checkpoint inhibitors, chimeric antigen receptor (CAR)-T cells) and 
genomic medicine (clustered regularly interspaced short palindromic 

repeats (CRISPR), liquid biopsies). Artificial intelligence (AI) now 
enhances diagnostics, drug discovery, and personalized treatment 
planning. Future directions emphasize early detection, AI-driven 
precision oncology, and global collaboration to transform cancer 
into a manageable condition. This historical perspective underscores 
the remarkable progress in oncology, driven by scientific innovation, 
and envisions a future where cancer care is increasingly effective, 
personalized, and accessible.
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Introduction

The field of oncology has seen remarkable advancements over 
the centuries, driven by scientific discoveries, technological 
innovations, and a deeper understanding of cancer biology [1]. 
Below is an artificial intelligence (AI)-assisted insight into 
the historic milestones in oncology, highlighting key develop-
ments that have shaped cancer research and treatment [2, 3] 
(Table 1, Fig. 1).

Ancient Understanding of Cancer (Pre-19th 
Century)

Hippocrates (460 - 370 BCE): Coined the term “karkinos” 
(Greek for crab) to describe tumors, likening their appearance 
to crabs. He introduced the humoral theory, suggesting cancer 
was caused by an imbalance of bodily fluids.

Galen (129 - 216 CE): Expanded on Hippocrates’ ideas, 
attributing cancer to an excess of black bile.

Middle Ages (5th - 15th century): Cancer was often 
considered incurable, and surgical interventions were rare 
and crude.

During the Middle Ages, medical advancements stag-
nated, and cancer was largely regarded as a fatal and untreat-
able affliction. Surgical interventions were rare due to limited 
anatomical knowledge, rudimentary surgical techniques, and 
the risk of infection. Instead, treatments were largely palliative 
or based on religious and mystical beliefs rather than scientific 
understanding. The lack of effective interventions and the domi-
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nance of humoral theory prevented significant progress in can-
cer treatment until the advent of modern medical science in the 
19th century.

The historical understanding of cancer, from Hippocrates 
to the pre-modern era, was deeply rooted in humoral theo-
ry and limited medical knowledge. Hippocrates (460 - 370 
BCE), often called the “Father of Medicine,” first described 
tumors using the Greek term karkinos (crab), inspired by 
their appearance [4]. He theorized that cancer resulted from 
an excess of black bile, a central idea in humoral medicine 
[5]. Galen (129 - 216 CE), a prominent Roman physician, 
reinforced this belief, asserting that black bile buildup made 
cancer largely incurable [6]. His ideas dominated medical 
thought for centuries.

During the Middle Ages, medical progress stagnated, 
and cancer was viewed as untreatable. Treatments were often 
palliative, relying on religious or mystical beliefs rather than 
scientific understanding [7]. Surgical removal of tumors was 
rare due to limited anatomical knowledge, primitive tech-
niques, and infection risks [8]. The dominance of humoral 
theory persisted until the 19th century when advances in pa-
thology and cellular biology led to scientific approaches in 
cancer treatment. The shift from ancient theories to modern 
oncology paved the way for groundbreaking discoveries in 
cancer research.

Overall, early conceptions of cancer were rooted in theo-
retical frameworks rather than empirical evidence, and it was 

not until later centuries that scientific advancements enabled 
a deeper understanding of its causes and potential treatments.

The Birth of Modern Oncology (19th Century)

Rudolf Virchow (1821 - 1902): Pioneered cellular pathology, 
identifying that cancer originates from cells, not humors.

Development of Microscopy (19th century): Enabled 
the study of cancer cells and tissues, leading to the classifica-
tion of different cancer types.

First Mastectomy (1882): William Halsted performed the 
first radical mastectomy for breast cancer, emphasizing surgi-
cal removal of tumors.

The 19th century marked the birth of modern oncology, 
driven by groundbreaking discoveries in cellular pathology, 
microscopy, and surgical techniques. Rudolf Virchow (1821 
- 1902), a pioneering German pathologist, revolutionized can-
cer research by establishing that cancer originates from cells 
rather than an imbalance of bodily humors [9]. His work in 
cellular pathology refuted humoral theory, shifting cancer re-
search from a theoretical to a scientific framework [10].

The advancement of microscopy played a crucial role in 
this transformation. With improved magnification and staining 
techniques, scientists could examine cancerous tissues at the 
cellular level, leading to the classification of various cancer 

Table 1.  Key Milestones in Oncology: From Ancient Theories to AI

Era Core themes Key technologies 
and concepts Milestone events

Ancient understanding 
of cancer
460 BCE - 1850

Pre-scientific 
thought, spiritual 
interpretation

Humoral theory, black 
bile, spiritual healing

460 - 370 BCE: Hippocrates - Humoral theory
129 - 216 CE: Galen - Cancer = excess black bile

Scientific birth 
of oncology
1850 - 1940

Cancer as cellular 
disease
Imaging and 
surgery emerge

Microscopy, X-rays, radium 
therapy, radical mastectomy

1855: Virchow - Cellular pathology
1882: Halsted - Radical mastectomy
1895: Roentgen - X-rays for imaging
1898: Curie - Radium for therapy

Therapeutic foundations
1940 - 1990

Establishment of 
chemotherapy, 
radiotherapy, 
hormones, imaging, 
and modern surgery

Chemotherapy (nitrogen 
mustard, methotrexate), 
radiation therapy (LINAC, 
CT, MRI, PET), hormonal 
therapy (ADT, tamoxifen) 
minimally invasive surgery

1942: Nitrogen mustard - Lymphoma
1948: Methotrexate - Childhood leukemia
1950s: Linear accelerators
1965: MOPP regimen - Hodgkin’s lymphoma
1971: CT imaging developed
1980s: Minimally invasive surgery
1993: Sentinel lymph node biopsy

Immuno-genomic-AI
2010 - present

Integration of 
immunotherapy 
liquid biopsy, 
CRISPR, multi-
omics and AI

Checkpoint inhibitors, 
CAR-T, ctDNA-based 
MRD detection, MCED, 
CRISPR, AI-enhanced 
diagnosis and treatment

2011: Ipilimumab - First checkpoint inhibitor
2014: PD-1/PD-L1 inhibitors (e.g., pembrolizumab)
2017: CAR-T therapy approved (ALL, DLBCL)
2018: ctDNA methylation profiling for MRD detection
2020: MCED blood tests emerge
2020s: mRNA-based cancer vaccines
2020s: AI in diagnosis, treatment planning, drug discovery

ADT: androgen deprivation therapy; AI: artificial intelligence; ALL: acute lymphoblastic leukemia; CAR-T: chimeric antigen receptor T-cell; CRISPR: 
clustered regularly interspaced short palindromic repeats; CT: computed tomography; ctDNA: circulating tumor DNA; DLBCL: diffuse large B-cell 
lymphoma; LINACs: lineal accelerator; MCED: multi-cancer early detection; MOPP: mechlorethamine + vincristine + procarbazine + prednisone; 
MRD: minimal residual disease; MRI: magnetic resonance imaging; PD-1: programmed cell death-1; PD-L1: programmed cell death ligand 1; PET: 
positron emission tomography.
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types [11]. This breakthrough allowed for more precise diag-
noses and a deeper understanding of tumor behavior.

Surgical oncology also progressed significantly. In 1882, 
William Halsted introduced the radical mastectomy for breast 
cancer, emphasizing complete tumor removal to prevent re-
currence [12]. Though aggressive, his approach laid the foun-
dation for modern surgical techniques and demonstrated the 
importance of localized cancer treatment [13].

Furthermore, anesthesia and antiseptic techniques pio-
neered by Joseph Lister improved the safety and efficacy of 
cancer surgeries, reducing mortality rates [14]. These devel-
opments, along with the emergence of histopathology, trans-
formed cancer treatment, moving beyond speculative theories 
toward evidence-based medical practice.

The scientific breakthroughs of the 19th century laid the 
foundation for modern oncology. The transition from humoral 
explanations to cellular pathology set the stage for future can-
cer research, leading to innovations in diagnosis, treatment, 
and ultimately, improved patient outcomes.

Radiation Therapy (Late 19th - Early 20th Cen-
tury)

Discovery of X-rays (1895): Wilhelm Roentgen’s discovery 
led to the use of radiation for cancer treatment.

Radium Therapy (Early 1900s): Marie Curie’s discov-
ery of radium paved the way for radiation therapy, particularly 
for cervical and skin cancers.

The late 19th and early 20th centuries marked a revolu-
tionary shift in cancer treatment with the introduction of radia-
tion therapy. In 1895, Wilhelm Roentgen discovered X-rays, 
allowing physicians to visualize internal structures without 
invasive surgery [15]. This breakthrough led researchers to 
explore the therapeutic potential of X-rays in treating tumors, 
marking the beginning of radiation-based oncology [16].

Building on Roentgen’s discovery, Marie Curie and Pierre 
Curie isolated radium in the early 1900s, demonstrating its po-
tent radioactive properties [17]. Radium’s ability to emit con-
tinuous, powerful radiation made it an effective tool for cancer 
treatment, particularly for cervical and skin cancers [18]. Phy-
sicians soon developed radium therapy, using radium implants 
to deliver localized radiation directly to tumors, reducing the 
need for radical surgery [19].

Despite its effectiveness, early radiation therapy had sig-
nificant limitations. Patients often suffered from severe burns 
and radiation sickness due to uncontrolled exposure and a lack 
of precision in dosage [20]. However, over time, advancements 
in radiation delivery methods, including fractionated dosing 
and improved shielding techniques, enhanced both safety and 
therapeutic outcomes. These developments transformed radia-
tion therapy into a cornerstone of modern oncology, enabling 
more targeted and effective cancer treatments.

The discoveries of X-rays and radium laid the foundation for 
contemporary radiation oncology, influencing innovations such 
as intensity-modulated radiation therapy (IMRT) and proton 
therapy. These advancements continue to shape cancer treatment, 
offering patients safer and more precise therapeutic options.

Chemotherapy (Mid-20th Century)

Nitrogen Mustard (1940s): Initially developed as a chemical 
weapon, it was repurposed as the first chemotherapy drug for 
lymphoma.

Discovery of Antimetabolites (1948): Methotrexate, a 
folate antagonist, became the first drug to induce remission in 
childhood leukemia.

Combination Chemotherapy (1960s): The use of mul-
tiple drugs (e.g., for Hodgkin’s lymphoma) significantly im-
proved outcomes.

The mid-20th century marked a major breakthrough in 
oncology with the development of chemotherapy. During the 
1940s, researchers discovered that nitrogen mustard, originally 
developed as a chemical weapon, could selectively kill rap-
idly dividing cells [21]. This led to its repurposing as the first 
chemotherapy drug, successfully treating lymphoma and pav-
ing the way for further drug-based cancer therapies [22].

In 1948, the discovery of antimetabolites further revo-
lutionized chemotherapy. Sidney Farber demonstrated that 
methotrexate, a folate antagonist, could induce remission in 
childhood leukemia, proving that chemical agents could ef-
fectively target cancer cells [23]. This milestone spurred the 
development of additional drugs designed to interfere with 
cancer cell growth and replication [24].

By the 1960s, the introduction of combination chemo-
therapy transformed cancer treatment. Physicians, including 
Vincent DeVita, found that using multiple drugs with different 
mechanisms of action significantly improved survival rates, 
particularly in Hodgkin’s lymphoma [25]. This approach not 
only increased treatment effectiveness but also helped prevent 
drug resistance, a major challenge in cancer therapy [26].

Chemotherapy’s evolution from a wartime discovery to a 
powerful medical tool revolutionized oncology. Over time, re-
finements in drug development, targeted therapies, and better ad-
ministration techniques have enhanced efficacy while reducing 
toxicity. These advancements have shaped modern cancer care, 
turning chemotherapy into a cornerstone of cancer treatment.

Hormonal Therapy (20th Century)

Discovery of Hormone Receptors (1960s): Identification of 
estrogen receptors in breast cancer led to the development of 
tamoxifen, a groundbreaking hormonal therapy.

Androgen Deprivation Therapy (1940s - 1950s): Used 
for prostate cancer, marking the beginning of targeted hormo-
nal treatments.

The 20th century brought significant advancements in 
cancer treatment with the introduction of hormonal therapy, 
particularly for hormone-dependent cancers such as breast and 
prostate cancer. Unlike traditional treatments like surgery or 
chemotherapy, hormonal therapy targeted the molecular mech-
anisms driving cancer growth.

In the 1940s and 1950s, researchers discovered that pros-
tate cancer progression was influenced by androgens [27]. 
This led to the development of androgen deprivation therapy 
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(ADT), which either reduced androgen levels or blocked their 
effects, slowing tumor growth [28]. ADT became a corner-
stone of prostate cancer treatment and remains a standard ap-
proach today [29].

Further breakthroughs occurred in the 1960s with the dis-
covery of estrogen receptors in breast cancer cells [30]. Scien-
tists found that some breast cancers depended on estrogen for 
growth, leading to the development of tamoxifen, a selective 
estrogen receptor modulator (SERM) [31]. Tamoxifen revolu-
tionized breast cancer treatment by effectively blocking estro-
gen’s effects, significantly improving survival rates in estrogen 
receptor-positive patients [32].

These discoveries transformed oncology by introducing 
targeted therapies that addressed cancer at a molecular level. 
Today, hormonal therapies continue to evolve, with newer 
agents like aromatase inhibitors and androgen receptor block-
ers offering more precise and effective treatments for hor-
mone-driven cancers.

Advances in Surgical Oncology: Minimally 
Invasive Techniques (20th Century)

Minimally Invasive Surgery (1980s - 1990s): Laparoscopic 
and robotic techniques reduced recovery times and improved 
precision.

Sentinel Lymph Node Biopsy (1990s): Reduced the need 
for extensive lymph node removal in breast cancer and mela-
noma.

The 20th century witnessed transformative advancements 
in surgical oncology, improving precision, reducing invasive-
ness, and enhancing patient outcomes. These innovations re-
defined cancer surgery, making procedures safer and more ef-
fective.

In the 1980s and 1990s, the advent of minimally invasive 
surgery revolutionized cancer treatment. Laparoscopic tech-
niques, introduced in the late 1980s, allowed surgeons to per-
form operations using small incisions and specialized instru-
ments, leading to reduced trauma, shorter recovery times, and 
fewer complications [33]. By the late 1990s, robotic-assisted 
surgery, pioneered by the da Vinci Surgical System, further en-
hanced precision, offering improved visualization and control, 
particularly in prostate and gynecologic cancers [34]. These 
innovations significantly improved patient recovery while 
maintaining surgical effectiveness.

Another major breakthrough in the 1990s was the devel-
opment of sentinel lymph node biopsy (SLNB), which trans-
formed the surgical management of breast cancer and mela-
noma. Traditionally, extensive lymph node removal was the 
standard, often resulting in complications such as lymphedema 
[35]. SLNB, introduced by Donald Morton and colleagues, al-
lowed surgeons to identify and remove only the sentinel lymph 
nodes, the first to which cancer spreads, minimizing unneces-
sary surgery and reducing complications [36].

These advancements marked a shift toward more targeted, 
patient-friendly surgical approaches. Minimally invasive tech-
niques and SLNB continue to be refined, contributing to im-
proved cancer treatment with fewer complications and better 

quality of life for patients. The evolution of surgical oncology 
underscores the growing emphasis on precision and personal-
ized treatment strategies.

Radiation Therapy Innovations (20th - 21st Cen-
tury)

Linear Accelerators (1950s): Enabled more precise and con-
trolled delivery of radiation.

Stereotactic Radiosurgery (1980s): Techniques like 
Gamma Knife and CyberKnife allowed for highly targeted ra-
diation, sparing healthy tissue.

Proton Therapy (21st century): Uses protons instead of 
X-rays, reducing damage to surrounding tissues.

Radiation therapy has undergone remarkable advance-
ments from the mid-20th century to the present, enhancing 
precision, reducing side effects, and improving patient out-
comes. These innovations have transformed cancer treatment 
by minimizing damage to healthy tissue while maximizing tu-
mor control.

In the 1950s, the introduction of linear accelerators rev-
olutionized radiation therapy. Unlike earlier cobalt-60 ma-
chines, which exposed healthy tissues to excessive radiation, 
linear accelerators enabled the precise delivery of high-energy 
X-ray beams, significantly improving treatment effectiveness 
[37]. This development laid the foundation for modern exter-
nal beam radiation therapy.

The 1980s saw further innovation with stereotactic radio-
surgery (SRS), which provided highly focused radiation for 
brain and spinal tumors. Techniques such as Gamma Knife 
and CyberKnife allowed for precise targeting, delivering 
high-dose radiation with extreme accuracy while sparing sur-
rounding healthy tissue [38, 39]. These non-invasive methods 
enabled treatment of previously inoperable tumors with fewer 
complications.

In the 21st century, proton therapy emerged as a cutting-
edge advancement. Unlike traditional X-ray radiation, proton 
therapy uses charged protons that precisely target tumors while 
minimizing exposure to adjacent healthy tissues, making it es-
pecially beneficial for pediatric cancers and tumors near criti-
cal structures [40]. Its superior dose distribution has led to im-
proved outcomes with fewer long-term side effects.

These advancements have transformed radiation therapy 
into a safer and more effective cancer treatment. Ongoing re-
search continues to refine these technologies, integrating AI 
and adaptive radiation therapy to further enhance precision 
and patient care.

Targeted Therapy: Precision Medicine (Late 
20th - 21st Century)

Imatinib (Gleevec) (2001): A breakthrough for chronic my-
eloid leukemia (CML), targeting the BCR-ABL fusion protein.

Human epidermal growth factor receptor 2 (HER2)-
Targeted Therapy (1998): Trastuzumab (Herceptin) revolu-
tionized treatment for HER2-positive breast cancer.
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Epidermal growth factor receptor (EGFR) Inhibitors 
(2000s): Drugs like gefitinib and erlotinib targeted EGFR mu-
tations in lung cancer.

The late 20th and early 21st centuries ushered in a new era 
of cancer treatment with the development of targeted thera-
pies, which focus on specific molecular abnormalities driving 
cancer growth. These innovations have revolutionized oncol-
ogy by offering more effective and less toxic alternatives to 
traditional treatments.

A major breakthrough came in 2001 with the approval 
of imatinib (Gleevec), a targeted therapy for CML. Imatinib 
inhibits the BCR-ABL fusion protein, which is responsible 
for uncontrolled cell division in CML. This drug transformed 
CML from a fatal disease into a manageable condition with 
significantly improved survival rates [41].

Another milestone occurred in 1998 with the introduction 
of trastuzumab (Herceptin), the first HER2-targeted therapy 
for HER2-positive breast cancer. By blocking the HER2 re-
ceptor, which promotes aggressive tumor growth, trastuzumab 
dramatically improved patient outcomes and became a corner-
stone of breast cancer treatment [42].

The 2000s saw further progress with the development of 
EGFR inhibitors such as gefitinib and erlotinib for lung cancer. 
These drugs selectively target EGFR mutations, which drive 
tumor growth in specific lung cancer subtypes, offering more 
effective and personalized treatment options compared to tra-
ditional chemotherapy [43].

Targeted therapies have revolutionized cancer treatment 
by providing personalized approaches that improve efficacy 
while reducing side effects. Ongoing research continues to ex-
pand their scope, with new drugs targeting different molecular 
pathways, offering hope for improved cancer outcomes in the 
future.

Immunotherapy: A New Era in Cancer Treatment 
(21st Century)

Checkpoint Inhibitors (2011): Drugs like ipilimumab (anti-
CTLA-4) and pembrolizumab (anti-PD-1) unlocked the im-
mune system’s ability to fight cancer.

Chimeric antigen receptor T-cell (CAR-T) Therapy 
(2017): Genetically engineered T cells were approved for cer-
tain blood cancers, marking a new era in personalized medi-
cine.

Cancer Vaccines (2006): The HPV vaccine (2006) pre-
vents cervical cancer, and mRNA vaccines are being explored 
for therapeutic use.

The 21st century has brought about transformative ad-
vancements in cancer treatment, with immunotherapy emerg-
ing as a powerful tool in harnessing the body’s immune system 
to fight cancer more effectively. This shift has revolutionized 
oncology by offering new options for patients, especially those 
with difficult-to-treat cancers.

A groundbreaking development occurred in 2011 with the 
approval of checkpoint inhibitors, such as ipilimumab (anti-
cytotoxic T lymphocyte antigen-4 (CTLA-4)) and pembroli-
zumab (anti-programmed cell death-1 (PD-1)). These drugs 

work by blocking immune checkpoint proteins, such as CTLA-
4 and PD-1, which cancer cells use to evade immune detection. 
By inhibiting these checkpoints, the immune system is able to 
recognize and attack tumors more effectively. This marked a 
significant shift toward immunotherapy as a mainstream treat-
ment modality, particularly for melanoma and non-small cell 
lung cancer [44, 45].

In 2017, CAR-T therapy was approved for blood cancers 
such as leukemia and lymphoma. This innovative treatment 
involves genetically modifying a patient’s own T cells to rec-
ognize and destroy cancer cells. CAR-T therapy has demon-
strated remarkable success in treating refractory blood cancers, 
offering a personalized approach to cancer therapy [46].

Additionally, cancer vaccines have made significant pro-
gress. The human papillomavirus (HPV) vaccine, approved in 
2006, prevents cervical cancer by targeting the HPV, a leading 
cause of the disease. Furthermore, mRNA vaccines, initially 
developed for COVID-19, are being explored for cancer treat-
ment. These vaccines offer promising avenues for personal-
ized cancer vaccines by targeting tumor-specific antigens [47].

Immunotherapy continues to transform cancer treatment 
by offering novel and targeted therapeutic options, improving 
survival rates, and enhancing patient quality of life. Ongoing 
research holds great potential for further expanding its applica-
tions across various cancer types.

Genomic Revolution: Transforming Cancer Di-
agnosis and Treatment (21st Century)

Human Genome Project (2003): Enabled the identification 
of cancer-related genes and mutations.

Precision Medicine (2000s): Genomic profiling allows 
for tailored treatments based on individual tumor genetics.

Clustered regularly interspaced short palindromic re-
peats (CRISPR) and Gene Editing (2010s): Emerging tech-
nologies hold promise for correcting genetic mutations driving 
cancer.

The 21st century has been marked by a genomic revolution 
that has dramatically advanced cancer diagnosis and treatment, 
ushering in an era of precision medicine. This transformation 
began with the completion of the Human Genome Project in 
2003, which provided a comprehensive map of the human ge-
nome. This breakthrough allowed scientists to identify cancer-
related genes and mutations, offering critical insights into the 
genetic basis of cancer [48]. Understanding these genetic al-
terations has been pivotal in shaping new, more effective treat-
ment strategies.

One of the most significant outcomes of genomic research 
is the rise of precision medicine in oncology. Through genomic 
profiling, clinicians can now analyze the genetic makeup of 
individual tumors and tailor treatments to the specific muta-
tions driving a patient’s cancer. This personalized approach en-
hances the effectiveness of treatments while minimizing side 
effects, as therapies are designed to target only the tumor’s 
unique genetic characteristics [49].

Emerging technologies, such as CRISPR and gene edit-
ing, are poised to further revolutionize cancer treatment. These 
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tools allow for precise editing of genetic material, potentially 
correcting mutations that cause cancer. Although still in the ex-
perimental phase, CRISPR holds immense promise for devel-
oping novel therapeutic strategies that could prevent or even 
cure genetic cancers [50].

Together, these genomic advancements are not only trans-
forming cancer care today but also laying the groundwork for 
future breakthroughs that could reshape the landscape of can-
cer treatment.

Liquid Biopsy and Early Detection (21st Cen-
tury)

Circulating Tumor DNA (ctDNA) (2010s): Non-invasive 
blood tests can detect cancer mutations and monitor treatment 
response.

Multi-Cancer Early Detection (MCED) Tests (2010s): 
Emerging technologies aim to detect multiple cancers at early 
stages through blood samples.

The 21st century has witnessed remarkable advancements 
in cancer detection, particularly with the development of liquid 
biopsy, a non-invasive method that is revolutionizing cancer 
diagnosis and monitoring. One of the key innovations in liquid 
biopsy is the use of ctDNA, which consists of small fragments 
of cancerous DNA released into the bloodstream. By analyzing 
ctDNA through blood tests, clinicians can detect cancer-relat-
ed mutations, monitor treatment responses, and identify mini-
mal residual disease. This approach provides a less invasive 
and more accessible alternative to traditional tissue biopsies, 
enabling frequent monitoring of cancer progression without 
the need for additional surgical procedures [51].

In addition to ctDNA, another exciting development is the 
emergence of MCED tests. These technologies aim to detect a 
variety of cancers at their earliest, most treatable stages by an-
alyzing blood samples for cancer-related biomarkers. MCED 
tests have the potential to revolutionize cancer screening by 
identifying cancers that may otherwise go undiagnosed until 
more advanced stages, thus improving survival rates and treat-
ment outcomes [52].

Together, liquid biopsy and MCED tests represent a sig-
nificant leap forward in early cancer detection. These non-
invasive, precise methods enable clinicians to diagnose and 
monitor cancers more effectively, ultimately leading to earlier 
interventions and better patient outcomes.

AI in Oncology: Transforming Cancer Care (21st 
Century)

AI for Diagnosis: Machine learning algorithms improve the 
accuracy of cancer detection in imaging and pathology.

Drug Discovery: AI accelerates the identification of new 
drug targets and therapies.

Personalized Treatment Plans: AI analyzes patient data 
to recommend optimal treatment strategies.

In the 21st century, AI has become a transformative force 
in oncology, revolutionizing many aspects of cancer care. 

One of the most significant contributions of AI has been in 
the realm of cancer diagnosis. Machine learning algorithms, 
which can analyze medical imaging and pathology slides, have 
enhanced the accuracy and speed of cancer detection. These 
algorithms are capable of detecting subtle patterns in imaging 
data that may be missed by human experts, allowing for ear-
lier and more accurate diagnoses. AI’s ability to process vast 
amounts of data quickly and consistently has had a profound 
impact on fields such as radiology and histopathology, where it 
is used to detect tumors, classify cancer types, and even predict 
patient outcomes [53].

In drug discovery, AI is accelerating the identification of 
new drug targets and therapies. By analyzing large datasets of 
genetic, molecular, and clinical information, AI can predict 
which compounds are most likely to be effective for specific 
cancer types. This approach helps to reduce the time and cost 
associated with developing new drugs, enabling faster delivery 
of innovative treatments to patients [54].

AI is also central to the creation of personalized treatment 
plans. By analyzing a patient’s unique genetic, clinical, and 
treatment history, AI can recommend the most effective thera-
pies tailored to their specific cancer profile. This personalized 
approach improves treatment outcomes by targeting the indi-
vidual characteristics of each patient’s disease [55].

Overall, AI is reshaping oncology, improving diagnosis, 
accelerating drug discovery, and enabling personalized treat-
ment strategies that enhance the effectiveness of cancer care.

Future Direction

The future direction of oncology is poised to be transforma-
tive, driven by rapid advancements in technology, deeper 
understanding of cancer biology, and the integration of in-
novative approaches. Based on the historical milestones and 
current trends, the future of oncology will focus on preci-
sion, prevention, and personalization. Advancements in AI, 
immunotherapy, genomics, and early detection are poised to 
transform oncology by enhancing efficacy, minimizing in-
vasiveness, and improving accessibility [56-58]. Multidis-
ciplinary and international collaboration will be critical to 
implementing these innovations and ultimately shifting can-
cer from a life-threatening disease to a manageable chronic 
condition.

Conclusion

The history of oncology is a testament to human ingenuity and 
perseverance. From ancient theories to cutting-edge technolo-
gies, each milestone has brought us closer to understanding 
and conquering cancer. The integration of genomics, immuno-
therapy, and AI promises a bright future direction of oncology, 
with a focus on precision, prevention, and personalization. 
Advances in AI, immunotherapy, genomics, and early detec-
tion will revolutionize cancer care, making it more effective, 
less invasive, and accessible, with global collaboration key to 
transforming cancer into a manageable condition.
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