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Abstract

Cancer remains a leading cause of death worldwide, with breast, lung, colorectal, prostate, and
cervical cancers contributing significantly to global cancer-related morbidity and mortality. While
individual lethality varies among these cancers, their combined impact on public health is substantial
due to high incidence and, in some cases, limited access to early detection and effective treatment.
These malignancies arise from a complex interplay of genetic, hormonal, lifestyle, and infectious
factors, with molecular mechanisms that inform targeted therapies and precision medicine
approaches. Advances in screening, immunotherapy, Al-assisted diagnostics, and minimally
invasive surgical techniques have improved outcomes; however, challenges such as late diagnosis,
treatment resistance, and healthcare disparities persist, particularly in low- and middle-income
countries. This review provides a comprehensive synthesis of the epidemiology, risk factors,
molecular pathogenesis, clinical features, current treatment strategies, emerging technologies, public
health implications, and future research directions for the five deadliest cancers. Emphasis is placed
on preventive measures, early detection, and equitable access to care, highlighting strategies to
reduce the global cancer burden and improve survival outcomes.
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1. Introduction

Cancer remains one of the leading causes of morbidity and mortality worldwide and represents
a major challenge to global health systems despite significant advances in prevention, early detection,
and treatment strategies [1,2]. Recent global estimates indicate that approximately 20 million new
cancer cases and nearly 10 million cancer-related deaths occurred worldwide in 2022, highlighting
the substantial and growing global cancer burden [1,3].

The rising incidence of cancer is driven by multiple demographic and lifestyle-related factors,
including population growth, aging, urbanization, and the increasing prevalence of modifiable risk
factors such as tobacco use, unhealthy diet, physical inactivity, and harmful alcohol consumption
[2,4]. It is estimated that nearly one-third of cancer deaths are attributable to preventable risk factors,
while infectious agents such as human papillomavirus, hepatitis B virus, and hepatitis C virus
account for a significant proportion of cancers, particularly in low- and middle-income countries
[2,5].

Although more than one hundred distinct cancer types have been identified, a relatively small
number account for the majority of new diagnoses and cancer-related deaths worldwide [3,6]. Breast
cancer, lung cancer, colorectal cancer, prostate cancer, and cervical cancer consistently rank among
the most commonly diagnosed malignancies globally, though their incidence and mortality patterns
vary considerably by sex, geographic region, and socioeconomic status [1,3,6].

Cancer development is a multifactorial process resulting from complex interactions between
genetic susceptibility and environmental, behavioral, and biological exposures [4,7]. Advances in
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molecular and cellular biology have elucidated key mechanisms of tumorigenesis, including genetic
mutations, epigenetic alterations, dysregulated signaling pathways, and interactions within the
tumor microenvironment [7,8]. These insights have facilitated the development of targeted therapies
and immunotherapeutic approaches, which have significantly improved outcomes for several cancer
types [8,9]. Nevertheless, major challenges persist, including late-stage diagnosis, therapeutic
resistance, treatment-related toxicity, and unequal access to advanced cancer care [2,9].

In parallel with therapeutic advancements, cancer prevention and early detection strategies have
become central to global cancer control efforts [2,10]. Primary prevention through risk factor
modification, vaccination against oncogenic viruses, and secondary prevention via organized
screening programs have demonstrated substantial potential to reduce cancer incidence and
mortality [5,10,11]. However, the implementation and effectiveness of these interventions remain
uneven across regions, underscoring persistent disparities in healthcare infrastructure, resource
allocation, and public health policy [2,11].

The objective of this narrative review is to provide a comprehensive overview of the five most
common cancers worldwide—breast, lung, colorectal, prostate, and cervical cancers—focusing on
their epidemiology, etiological factors, pathophysiology, current treatment modalities, and
prevention strategies. Furthermore, this review aims to critically examine existing challenges and
identify future needs in research, clinical practice, and public health to support the development of
integrated and sustainable strategies for global cancer control.

2. Methodology of Literature Review

This narrative review was conducted to synthesize current evidence on the epidemiology,
etiology, pathophysiology, treatment modalities, prevention strategies, and future needs related to
the five most common cancers worldwide: breast, lung, colorectal, prostate, and cervical cancers. A
narrative approach was selected to allow comprehensive integration of clinical, molecular, and public
health perspectives across diverse study designs and global settings.

2.1. Literature Search Strategy

A comprehensive literature search was performed using major electronic databases, including
PubMed/MEDLINE, Scopus, and Web of Science, to identify relevant peer-reviewed publications.
The search strategy combined Medical Subject Headings (MeSH) and free-text terms related to cancer
burden, epidemiology, risk factors, molecular mechanisms, treatment, prevention, and future

s

directions. Key search terms included combinations of “breast cancer,” “lung cancer,” “colorectal

”oou

cancer, prostate cancer,

voou ”oou v ”oou ”oou

cervical cancer,” “epidemiology,” “risk factors,” “treatment,” “screening,”
“prevention,” and “global burden.”

The search primarily focused on articles published within the last 10-15 years to ensure
relevance and inclusion of recent advances, while landmark and highly cited older studies were

included where appropriate to provide foundational context [12,13].

2.2. Inclusion and Exclusion Criteria

Eligible articles included original research studies, systematic reviews, meta-analyses, clinical
guidelines, and authoritative reports from international organizations such as the World Health
Organization (WHO) and the International Agency for Research on Cancer (IARC). Studies
addressing global or regional cancer epidemiology, biological mechanisms, therapeutic approaches,
and prevention strategies were prioritized.

Articles were excluded if they were non—peer-reviewed, lacked relevance to the five selected
cancers, or focused exclusively on highly specific subpopulations without broader applicability. Only
publications in the English language were considered.

2.3. Data Extraction and Synthesis
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Relevant data were extracted and qualitatively synthesized to summarize trends in cancer
incidence and mortality, established and emerging risk factors, molecular and pathophysiological
mechanisms, current standards of care, and prevention strategies. Given the narrative nature of this
review, findings were integrated thematically rather than through quantitative meta-analysis,
allowing comparison across cancer types and identification of common challenges and unmet needs
[14].

2.4. Quality and Reporting Considerations

To enhance reliability and transparency, preference was given to high-quality studies, including
large population-based analyses, randomized controlled trials, and consensus guidelines. Reporting
standards and recommendations for narrative reviews were considered during manuscript
preparation to ensure clarity, balance, and reproducibility [15].

3. Global Overview of the Top Five Most Common Cancers

Cancer incidence and mortality vary considerably across regions; however, a small group of
malignancies consistently accounts for a substantial proportion of the global cancer burden. Breast
cancer, lung cancer, colorectal cancer, prostate cancer, and cervical cancer together represent a major
share of new cancer diagnoses and cancer-related deaths worldwide, with marked differences
observed by sex, age, geographic location, and socioeconomic development [16,17].

According to the most recent global estimates, breast cancer is the most frequently diagnosed
cancer worldwide, having surpassed lung cancer in overall incidence, and remains the leading cause
of cancer-related mortality among women [1,16]. Lung cancer continues to be the leading cause of
cancer death globally in both sexes combined, largely due to its aggressive nature and late-stage
diagnosis in most patients [1,18]. Colorectal cancer ranks among the top three most commonly
diagnosed cancers worldwide and is a leading cause of cancer mortality in both high-income and
transitioning economies, reflecting the widespread adoption of Westernized diets and sedentary
lifestyles [16,19].

Prostate cancer is the most commonly diagnosed cancer among men in many regions,
particularly in North America, Europe, and parts of the Caribbean, with incidence strongly
influenced by population aging and prostate-specific antigen (PSA) testing practices [16,20].
Although prostate cancer generally has a favorable prognosis when detected early, it remains a
significant contributor to cancer morbidity and mortality due to advanced and treatment-resistant
disease in a subset of patients [20]. Cervical cancer, while largely preventable through effective
screening and vaccination, remains one of the leading causes of cancer-related death among women
in low- and middle-income countries, reflecting persistent inequities in access to preventive
healthcare services [11,21].

Geographic disparities in cancer burden are pronounced. High-income countries report higher
incidence rates for breast, colorectal, and prostate cancers, largely attributable to lifestyle factors and
robust diagnostic capacity, whereas low- and middle-income countries experience
disproportionately higher mortality rates due to delayed diagnosis and limited access to treatment
[17,21]. Lung cancer incidence and mortality closely mirror global tobacco consumption patterns,
while infection-associated cancers, including cervical cancer, remain more prevalent in regions with
limited vaccination and screening coverage [5,21].

Temporal trends indicate that while overall cancer incidence continues to rise globally, mortality
rates for certain cancers—such as breast and colorectal cancer —have declined in several high-income
countries due to improvements in early detection and treatment [18,19]. In contrast, many low-
resource settings continue to experience increasing incidence and mortality, underscoring the urgent
need for global cancer control strategies that integrate prevention, early diagnosis, and equitable
access to care [17,22].

Collectively, these five cancers illustrate both the progress achieved and the persistent
challenges in global oncology. Understanding their shared and distinct epidemiological patterns
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provides a critical foundation for evaluating risk factors, therapeutic approaches, and future
priorities, which are explored in the subsequent sections of this review.

4. Breast Cancer

4.1. Epidemiology

Breast cancer is the most commonly diagnosed cancer among women worldwide and represents
a leading cause of cancer-related mortality [23,24]. In 2022, an estimated 2.3 million new cases were
reported globally, accounting for nearly 12% of all cancer diagnoses [23]. Incidence is highest in high-
income regions, such as North America, Western Europe, and Oceania, whereas mortality rates
remain disproportionately high in low- and middle-income countries due to late-stage diagnosis and
limited access to treatment [23,25]. Age is a significant factor; incidence rises sharply after 40 years,
with the highest rates observed among women aged 50-69 years [24].

4.2. Etiology and Risk Factors

Breast cancer etiology is multifactorial, involving genetic, hormonal, environmental, and
lifestyle factors. Major risk factors include:

¢  Genetic predisposition: Mutations in BRCA1 and BRCAZ2 significantly increase lifetime risk [26].
Other genetic variants, including TP53, PALB2, and CHEK2, contribute to susceptibility [27].

e  Hormonal factors: Early menarche, late menopause, nulliparity, late age at first childbirth, and
prolonged exposure to exogenous hormones are associated with elevated risk [28].

e Lifestyle factors: Obesity, physical inactivity, alcohol consumption, and high-fat diet have been
consistently linked to increased breast cancer risk [29].

¢ Environmental exposures: lonizing radiation, endocrine-disrupting chemicals, and urban
pollution may contribute to carcinogenesis [30].

e  Family history: A positive family history of breast cancer increases risk independently of known
genetic mutations [27].

4.3. Molecular and Pathophysiological Mechanisms

Breast cancer is heterogeneous at the molecular level, with several clinically relevant subtypes
defined by receptor status: hormone receptor-positive (estrogen and/or progesterone), HER2-
positive, and triple-negative breast cancer (TNBC) [31]. Pathogenesis involves genetic mutations,
epigenetic dysregulation, and alterations in signaling pathways, including PI3K/AKT/mTOR, MAPK,
and p53-mediated apoptosis [32]. Tumor microenvironment, angiogenesis, and immune evasion also
play key roles in tumor progression and metastasis [32,33].

4.4. Clinical Presentation and Diagnosis

Early-stage breast cancer is often asymptomatic and detected via screening mammography [34].
Clinical presentation may include a palpable breast lump, nipple discharge, skin changes, or
lymphadenopathy [34]. Diagnosis relies on imaging (mammography, ultrasound, MRI) and
histopathological confirmation through biopsy. Staging is based on tumor size, nodal involvement,
and distant metastasis (TNM system) [34].

4.5. Current Treatment Modalities
Management of breast cancer is multimodal and guided by tumor subtype, stage, and patient
factors:

e  Surgery: Lumpectomy or mastectomy remains the cornerstone of treatment [35].
e Radiotherapy: Often used postoperatively to reduce local recurrence risk [35].
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e  Chemotherapy: Neoadjuvant or adjuvant regimens, particularly for high-risk or triple-negative
cases [36].

e Hormonal therapy: Tamoxifen, aromatase inhibitors, or ovarian suppression for hormone
receptor-positive tumors [37].

e Targeted therapy: HER2-positive tumors are treated with trastuzumab, pertuzumab, and other
HER? inhibitors [38].

¢ Immunotherapy: Checkpoint inhibitors (e.g., pembrolizumab) show promise in TNBC [39].

4.6. Prevention Strategies

Primary prevention focuses on lifestyle modifications, including maintaining healthy weight,
regular physical activity, limiting alcohol intake, and breastfeeding [29]. Secondary prevention relies
on organized screening programs, such as mammography and clinical breast exams, to detect tumors
at an early, treatable stage [40]. Genetic counseling and prophylactic interventions may be offered to
high-risk individuals [26].

4.7. Challenges and Limitations

Despite advances, challenges remain, including disparities in screening and treatment access,
overtreatment of low-risk tumors, chemoresistance, and aggressive subtypes such as TNBC [25,39].
Late diagnosis and delayed treatment in resource-limited settings contribute significantly to mortality
[23,25].

4.8. Future Needs and Research Directions

Emerging strategies include precision medicine approaches using genomic profiling,
development of novel targeted therapies, immunotherapy combinations, liquid biopsy for early
detection, and Al-assisted imaging for screening [32,41,42]. Strengthening global access to screening
and equitable treatment remains a priority for reducing breast cancer mortality worldwide [25,40].

5. Lung Cancer

5.1. Epidemiology

Lung cancer remains the leading cause of cancer-related mortality globally, responsible for
approximately 1.8 million deaths in 2020, despite being the second most commonly diagnosed cancer
overall [43,44]. Incidence and mortality rates vary widely by region, largely reflecting differences in
tobacco use, air pollution, occupational exposures, and healthcare access [44,45]. Age is a major factor,
with most cases occurring in individuals aged 60-75 years [44].

5.2. Etiology and Risk Factors

The etiology of lung cancer is multifactorial:

e  Tobacco smoking: Responsible for 85-90% of lung cancer cases in high-income countries [46].
Both active and passive smoking significantly increase risk.

e Environmental exposures: Air pollution, particularly particulate matter (PM2.5), radon, and
occupational carcinogens (asbestos, silica) contribute to risk [47,48].

e  Genetic susceptibility: Rare germline mutations and polymorphisms in genes such as EGFR,
TP53, and KRAS can influence individual susceptibility [49].

e  Other factors: Chronic lung diseases (COPD, pulmonary fibrosis), prior radiation, and dietary
deficiencies have been implicated [50].

5.3. Molecular and Pathophysiological Mechanisms
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Lung cancer is classified primarily into two histological types: non-small cell lung cancer
(NSCLC, ~85%) and small cell lung cancer (SCLC, ~15%) [51]. NSCLC subtypes include
adenocarcinoma, squamous cell carcinoma, and large cell carcinoma. Pathogenesis involves genetic
mutations, epigenetic changes, and dysregulation of signaling pathways such as EGFR, KRAS, ALK,
and TP53 [52,53]. Tumor heterogeneity and the tumor microenvironment play crucial roles in tumor
progression, metastasis, and response to therapy [53].

5.4. Clinical Presentation and Diagnosis

Early-stage lung cancer is often asymptomatic, making early detection challenging. Common
symptoms include persistent cough, hemoptysis, dyspnea, chest pain, and unexplained weight loss
[54]. Diagnosis relies on imaging (chest X-ray, CT scan, PET-CT) and tissue biopsy for
histopathological and molecular characterization. Staging is based on the TNM system [54,55].

5.5. Current Treatment Modalities

Treatment depends on histology, stage, molecular characteristics, and patient performance
status:

e  Surgery: Lobectomy or pneumonectomy is preferred for early-stage NSCLC [56].

e Radiotherapy: Stereotactic body radiotherapy (SBRT) is effective for non-surgical candidates
[56].

e  Chemotherapy: Platinum-based doublets are standard for advanced disease [57].

e  Targeted therapy: EGFR, ALK, ROSI1, BRAF, and NTRK inhibitors have improved outcomes in
molecularly selected patients [58].

¢ Immunotherapy: Immune checkpoint inhibitors (PD-1/PD-L1 and CTLA-4 inhibitors) are
increasingly used, alone or in combination with chemotherapy, especially for advanced NSCLC
[59].
SCLC is typically treated with chemotherapy and radiotherapy due to its aggressive nature and

early metastatic spread [51].

5.6. Prevention Strategies

Primary prevention focuses on tobacco control (smoking cessation programs, taxation, public
awareness), reducing exposure to environmental carcinogens, and workplace safety [46,47].
Secondary prevention includes low-dose CT screening for high-risk individuals, which has been
shown to reduce lung cancer mortality [60].

5.7. Challenges and Limitations

Challenges include late-stage diagnosis, aggressive disease biology (especially in SCLC),
acquired resistance to targeted therapies, and limited access to advanced diagnostics and treatments
in resource-constrained regions [44,59]. Disparities in smoking prevalence, environmental exposures,
and healthcare infrastructure contribute to unequal outcomes globally [45,47].

5.8. Future Needs and Research Directions

Future directions include the development of novel targeted therapies and immunotherapeutic
strategies, early detection biomarkers (liquid biopsies), Al-assisted imaging for screening, and
integration of precision medicine approaches [53,61,62]. Expanding global access to prevention,
screening, and state-of-the-art treatments is essential to reduce the burden of lung cancer worldwide
[44,60].

6. Colorectal Cancer

6.1. Epidemiology
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Colorectal cancer (CRC) is the third most commonly diagnosed cancer worldwide and the
second leading cause of cancer-related deaths, with approximately 1.9 million new cases and 935,000
deaths reported in 2020 [63,64]. Incidence is higher in high-income countries, particularly in Europe,
North America, and Australia, although recent trends indicate increasing incidence in several low-
and middle-income countries due to westernized diets and lifestyle changes [65,66]. CRC
predominantly affects individuals over 50 years, but early-onset cases (<50 years) are rising,
especially in high-income regions [64,66].

6.2. Etiology and Risk Factors

CRC is a multifactorial disease resulting from genetic, environmental, and lifestyle-related
factors:

e  Genetic predisposition: Approximately 5-10% of CRC cases are hereditary, with conditions such
as Lynch syndrome (hereditary nonpolyposis colorectal cancer) and familial adenomatous
polyposis (FAP) being significant contributors [67].

e Lifestyle factors: Diets high in red and processed meats, low fiber intake, physical inactivity,
obesity, and alcohol consumption increase risk [68].

¢ Inflammatory bowel disease: Long-standing ulcerative colitis or Crohn’s disease is associated
with elevated CRC risk [69].

e  Other factors: Age, male sex, diabetes, and gut microbiome alterations are additional
contributors [70,71].

6.3. Molecular and Pathophysiological Mechanisms

CRC develops through accumulation of genetic and epigenetic alterations that drive malignant
transformation of colonic epithelial cells. The adenoma-carcinoma sequence is a well-described
pathway involving mutations in APC, KRAS, TP53, and SMAD4, along with chromosomal instability
[72,73]. Microsatellite instability (MSI) and CpG island methylator phenotype (CIMP) also contribute
to tumor heterogeneity [74]. Dysregulation of signaling pathways such as Wnt/[3-catenin, EGFR, and
TGF-B underpins tumor initiation and progression [72,75].

6.4. Clinical Presentation and Diagnosis

Early-stage CRC is often asymptomatic, highlighting the importance of screening. Symptoms
may include rectal bleeding, change in bowel habits, abdominal pain, unexplained weight loss, and
anemia [76]. Diagnosis is confirmed via colonoscopy with histopathological evaluation. Staging relies
on the TNM system and is crucial for guiding management [76,77].

6.5. Current Treatment Modalities

Treatment depends on tumor stage, location, molecular profile, and patient health:

e  Surgery: Standard treatment for localized CRC; includes colectomy or proctectomy with lymph
node dissection [78].

e  Chemotherapy: Adjuvant chemotherapy is recommended for stage III and high-risk stage II
CRC; regimens commonly include FOLFOX (5-fluorouracil, leucovorin, oxaliplatin) or CAPOX
(capecitabine, oxaliplatin) [79].

e Radiotherapy: Primarily used for rectal cancer to reduce local recurrence, often in combination
with chemotherapy [80].

e  Targeted therapy: Anti-EGFR monoclonal antibodies (cetuximab, panitumumab) and anti-VEGF
agents (bevacizumab) are used in metastatic CRC with specific molecular profiles [81].

e  Immunotherapy: Checkpoint inhibitors, such as pembrolizumab and nivolumab, are effective in
MSI-high tumors [82].

6.6. Prevention Strategies
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Primary prevention includes dietary modifications, regular physical activity, maintaining
healthy body weight, limiting alcohol consumption, and avoiding smoking [68]. Secondary
prevention relies on population-based screening programs (fecal immunochemical test, colonoscopy,
or sigmoidoscopy), which have been shown to reduce CRC incidence and mortality [76,83]. High-
risk individuals with hereditary syndromes require specialized surveillance [67].

6.7. Challenges and Limitations

Key challenges in CRC management include late-stage diagnosis, disparities in access to
screening and treatment, chemoresistance in advanced disease, and increasing incidence in younger
populations [64,66,79]. Health system constraints in low-resource settings contribute to poorer
outcomes [65].

6.8. Future Needs and Research Directions

Future directions include precision medicine approaches using molecular profiling, novel
targeted therapies, microbiome-based interventions, liquid biopsy for early detection and
monitoring, and Al-assisted screening for colonoscopy [73,84,85]. Strengthening global screening

programs and addressing lifestyle-related risk factors remain essential for reducing CRC burden
worldwide [76,83].

7. Prostate Cancer

7.1. Epidemiology

Prostate cancer is the second most commonly diagnosed cancer among men worldwide and a
leading cause of cancer-related death in many regions [86,87]. In 2020, there were an estimated 1.4
million new cases and 375,000 deaths globally [86]. Incidence is highest in high-income countries,
particularly in North America, Western Europe, and parts of the Caribbean, largely due to
widespread prostate-specific antigen (PSA) screening [88]. Age is a major risk factor, with most cases
diagnosed in men over 65 years [87].

7.2. Etiology and Risk Factors

Prostate cancer etiology is multifactorial, involving genetic, hormonal, environmental, and
lifestyle components:

e  Genetic predisposition: Family history of prostate cancer and inherited mutations in BRCA1,
BRCA2, and HOXB13 genes increase risk [89,90].

e  Hormonal factors: Androgens play a central role in prostate growth and cancer development;
alterations in androgen receptor signaling contribute to tumorigenesis [91].

e Lifestyle factors: Diets high in red meat, obesity, and physical inactivity may modestly increase
risk, though evidence is mixed [92].

e  Ethnicity: Higher incidence and mortality rates are observed in men of African ancestry
compared to Caucasian or Asian populations [87,93].

7.3. Molecular and Pathophysiological Mechanisms

Prostate cancer exhibits heterogeneous molecular profiles. Key pathways implicated in
pathogenesis include androgen receptor signaling, PI3K/AKT/mTOR, and TP53/RB1 alterations
[94,95]. Genomic instability, epigenetic modifications, and dysregulation of cell-cycle control
contribute to tumor progression. Molecular subtyping, including ETS gene fusions and DNA repair
gene mutations, informs prognosis and therapeutic strategies [95,96].

7.4. Clinical Presentation and Diagnosis
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Early-stage prostate cancer is often asymptomatic. Symptoms, when present, may include
urinary frequency, nocturia, hematuria, or bone pain in metastatic disease [97]. Diagnosis involves
PSA testing, digital rectal examination (DRE), and confirmatory prostate biopsy with
histopathological evaluation. Multiparametric MRI is increasingly used for lesion localization and
risk stratification [97,98]. Staging follows the TNM system and Gleason scoring [97].

7.5. Current Treatment Modalities

Management depends on disease stage, risk stratification, patient age, and comorbidities:

e  Active surveillance: Recommended for low-risk localized disease to avoid overtreatment [99].

e  Surgery: Radical prostatectomy is standard for localized and some locally advanced cases [100].

e Radiotherapy: External beam radiotherapy or brachytherapy is used for localized and locally
advanced disease [100].

e Hormonal therapy: Androgen deprivation therapy (ADT) is the mainstay for advanced or
metastatic disease, often combined with chemotherapy or novel androgen receptor inhibitors
[101,102].

e  Chemotherapy: Docetaxel and cabazitaxel are used in metastatic castration-resistant prostate
cancer (mCRPC) [102].

e Targeted therapy and immunotherapy: PARP inhibitors (for BRCA-mutated tumors) and
sipuleucel-T immunotherapy offer personalized treatment options [103,104].

7.6. Prevention Strategies

Primary prevention focuses on maintaining healthy body weight, regular physical activity, and
dietary modification [92]. Secondary prevention includes PSA-based screening and early detection
programs, with individualized risk assessment to balance benefits and harms [98,105]. Genetic
counseling is recommended for high-risk individuals [89].

7.7. Challenges and Limitations

Challenges include overdiagnosis and overtreatment of indolent tumors, racial and
socioeconomic disparities in access to screening and treatment, and development of resistance in
advanced disease [87,99,102]. Accurate risk stratification and patient-centered management are
critical to improving outcomes while minimizing morbidity [99].

7.8. Future Needs and Research Directions

Future directions involve precision medicine approaches, including genomic profiling, targeted
therapies (PARP inhibitors, novel androgen receptor pathway inhibitors), liquid biopsies for
monitoring disease progression, Al-assisted imaging, and biomarker-driven screening [96,104,106].
Reducing disparities in access to high-quality care globally is essential for improving prostate cancer
outcomes [87,105].

8. Cervical Cancer

8.1. Epidemiology

Cervical cancer is the fourth most common cancer among women globally, with approximately
604,000 new cases and 342,000 deaths in 2020 [107,108]. The burden is disproportionately high in low-
and middle-income countries due to limited access to screening and HPV vaccination [108,109]. Peak
incidence occurs between 35 and 44 years, but precancerous lesions can develop earlier [108].

8.2. Etiology and Risk Factors
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Persistent infection with high-risk human papillomavirus (HPV) types, particularly HPV-16 and
HPV-18, is the primary cause of cervical cancer [110]. Other risk factors include:

e  Early sexual debut and multiple sexual partners [110].

e Immunosuppression, including HIV infection or prolonged immunosuppressive therapy [111].
e  Smoking, which promotes carcinogenesis in cervical epithelium [112].

¢  Long-term oral contraceptive use and high parity may increase risk modestly [113].

¢ Genetic susceptibility: Rare hereditary syndromes may contribute to risk [114].

8.3. Molecular and Pathophysiological Mechanisms

High-risk HPV integrates into the host genome, leading to expression of E6 and E7 oncoproteins,
which inactivate tumor suppressors p53 and Rb, respectively [115]. This results in uncontrolled cell
proliferation, genomic instability, and malignant transformation [115,116]. Progression typically
follows a sequence from cervical intraepithelial neoplasia (CIN) to invasive carcinoma [116].

8.4. Clinical Presentation and Diagnosis

Early cervical cancer is often asymptomatic. Symptoms may include abnormal vaginal bleeding,
postcoital bleeding, vaginal discharge, or pelvic pain in advanced stages [117]. Diagnosis involves
cytology (Pap smear), HPV testing, colposcopy, and biopsy [117]. Staging follows the FIGO system,
which guides management [117,118].

8.5. Current Treatment Modalities

Treatment is determined by stage, tumor size, patient age, and fertility considerations:

e  Surgery: Conization or radical hysterectomy for early-stage disease [119].

e Radiotherapy: External beam radiation and brachytherapy are standard for locally advanced
disease [120].

¢  Chemotherapy: Concurrent chemoradiation with cisplatin improves survival in locally
advanced cervical cancer [120].

e Targeted therapy: Bevacizumab, an anti-VEGF monoclonal antibody, improves survival in
metastatic or recurrent disease [121].

e  Immunotherapy: Checkpoint inhibitors (e.g., pembrolizumab) show efficacy in PD-L1 positive
recurrent/metastatic cervical cancer [122].

8.6. Prevention Strategies

Primary prevention is HPV vaccination, which dramatically reduces the risk of infection with
high-risk HPV types and subsequent cervical cancer [123]. Secondary prevention relies on regular
screening programs (Pap smear, HPV DNA testing, or visual inspection with acetic acid) to detect
precancerous lesions early [108,117]. Education, safe sexual practices, and smoking cessation
complement prevention strategies [112,123].

8.7. Challenges and Limitations

Challenges include limited vaccination coverage, lack of organized screening in low-resource
settings, late-stage diagnosis, and disparities in access to modern therapies [108,109,123]. HPV-
negative cervical cancers, though rare, present diagnostic and therapeutic challenges [115].

8.8. Future Needs and Research Directions

Future strategies include expanding global HPV vaccination coverage, development of
therapeutic HPV vaccines, liquid biopsy for early detection and monitoring, Al-assisted cytology,
and novel immunotherapeutic approaches [122,124,125]. Addressing healthcare inequities and
increasing access to screening and treatment are critical to reducing the global burden [108,109].
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9. Comparative Analysis of the Five Cancers

The top five most common cancers—breast, lung, colorectal, prostate, and cervical cancers—
exhibit distinct epidemiological patterns, etiologies, and clinical behaviors, yet share several
overarching characteristics.

9.1. Epidemiology and Global Distribution

Breast and lung cancers dominate incidence in high-income countries, largely due to lifestyle
factors, screening practices, and longer life expectancy [23,43]. In contrast, cervical cancer
predominantly affects women in low- and middle-income countries where HPV vaccination and
organized screening programs are limited [108,123]. Colorectal and prostate cancers show a mixed
distribution, influenced by diet, obesity, and genetic predispositions [63,86]. Mortality trends often
mirror access to early detection and advanced treatment options, highlighting persistent global health
disparities[64,108].

9.2. Etiological Comparisons

While each cancer has unique drivers—HPYV infection in cervical cancer [110], tobacco in lung
cancer [46], hormonal influences in breast and prostate cancers [24,89] —common risk factors include
genetic mutations, age, lifestyle factors (diet, physical inactivity), and chronic inflammation
[24,46,67,89,110]. Infection-driven and lifestyle-related cancers highlight the complementary roles of
primary prevention (vaccination, smoking cessation, healthy lifestyle) and secondary prevention
(screening, early detection) [64,108,123].

9.3. Molecular and Therapeutic Insights

Molecular heterogeneity is a unifying feature. Breast, colorectal, and prostate cancers exhibit
subtype-specific genomic alterations, informing targeted therapies and precision medicine
approaches [32,73,96,103]. Lung and cervical cancers also benefit from molecularly guided treatment,
such as EGFR/ALK inhibitors and PD-1 checkpoint inhibitors [52,122]. Despite advances, therapy
resistance and tumor heterogeneity remain common challenges across all five cancers [59,102,115].

9.4. Screening and Prevention

Effective screening varies by cancer type. Mammography and PSA testing detect breast and
prostate cancers early [33,99], while Pap smears and HPV testing reduce cervical cancer incidence
[108,117]. Colorectal cancer benefits from colonoscopy and fecal occult blood testing [71]. Lung cancer
screening is largely limited to high-risk populations via low-dose CT [54]. Integrating risk-based
screening with preventive strategies is crucial for reducing incidence and mortality globally
[61,108,123].

9.5. Future Directions

Across the five cancers, precision medicine, early detection technologies (liquid biopsy, Al-
assisted imaging), immunotherapy, and equitable access to care emerge as cross-cutting priorities
[41,61,84,104,125]. Collaborative efforts to expand vaccination coverage, optimize screening
programs, and implement personalized treatment strategies are essential to address the rising global
cancer burden.

Table 1. Summary of Top 5 Most Common Cancers.

Global
,0 2 Major Causes / Risk Future Directions /
Cancer Type Incidence Standard Treatments
(2020) Factors Research Needs

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2612.v2
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 February 2026 d0i:10.20944/preprints202512.2612.v2

12 of 24

Precision medicine,
Surgery, radiotherapy,  liquid biopsies,
2.3 million Genetic (BRCA1/2), chemotherapy, immunotherapy,
Breast new cases  hormonal factors, age, endocrine therapy, early detection
[23] obesity, lifestyle [24-28] targeted therapy (HER2 biomarkers,
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104] [96,104,106]
Persistent high-risk HPV
. 604,000 new infection (16/18?,
Cervical immunosuppression,

107
cases [107] smoking, sexual behavior,

genetics [110-114]

10. Emerging Technologies and Innovations in Cancer Care

Advances in technology and molecular biology are transforming cancer diagnosis, treatment,
and monitoring, enabling more personalized and effective care for breast, lung, colorectal, prostate,
and cervical cancers.

10.1. Precision Medicine and Genomic Profiling

Molecular profiling of tumors allows targeted therapies tailored to genetic alterations,
improving response rates and minimizing toxicity. Examples include:
e EGFR, ALK, and KRAS mutations in lung cancer guiding targeted inhibitors [137].
e  HER2 amplification and PIK3CA mutations in breast cancer informing monoclonal antibodies
and kinase inhibitors [138].
e  BRCA mutations in breast and prostate cancers enabling PARP inhibitor therapy [139].

Genomic-guided approaches also inform prognosis, recurrence risk, and therapy selection,
making precision medicine a cornerstone of modern oncology [140].

10.2. Liquid Biopsies and Non-Invasive Diagnostics
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Circulating tumor DNA (ctDNA), circulating tumor cells (CTCs), and exosome-based assays
enable early detection, treatment monitoring, and minimal residual disease assessment [141,142].
These tools are particularly promising for cancers like lung, colorectal, and breast, where early
detection is critical for survival [143].

10.3. Artificial Intelligence and Digital Health

Al and machine learning algorithms improve imaging analysis, pathology interpretation, and
risk prediction. Applications include:

e  Al-assisted mammography and radiology for breast and lung cancer screening [144].
e  Deep learning models for colonoscopy and polyp detection in colorectal cancer [145].
e  Predictive algorithms for recurrence and therapy response across multiple cancers [146].

Digital health platforms also enable remote patient monitoring, adherence tracking, and
telemedicine consultations, improving accessibility and personalized care [147].

10.4. Immunotherapy and Novel Therapeutics

Checkpoint inhibitors (PD-1/PD-L1, CTLA-4) and CAR-T cell therapies have revolutionized
treatment for select cancers, particularly lung, melanoma, and hematologic malignancies [148,149].
Ongoing research aims to expand their efficacy to breast, prostate, colorectal, and cervical cancers,
often in combination with chemotherapy, radiotherapy, or targeted agents [150].

10.5. Robotics and Minimally Invasive Surgery

Robotic-assisted surgery and laparoscopic techniques enhance precision, reduce operative
morbidity, and improve recovery times. Applications include:

e  Robotic radical prostatectomy [151].
¢  Minimally invasive hysterectomy for cervical cancer [152].
e  Laparoscopic colectomy for colorectal cancer [153].

10.6. Future Directions

Emerging innovations focus on integrating multi-omics data (genomics, proteomics,
metabolomics), Al-driven predictive modeling, wearable biosensors, and personalized
immunotherapies [154-156]. Such advances promise to enhance early detection, optimize therapeutic
strategies, and improve survivorship, ultimately reducing the global cancer burden.

11. Public Health and Policy Implications

The global burden of breast, lung, colorectal, prostate, and cervical cancers underscores the
critical role of public health initiatives and evidence-based policy in reducing incidence and
mortality. Addressing these cancers requires strategies that integrate prevention, early detection,
equitable access to care, and sustainable healthcare infrastructure.

11.1. Prevention and Risk Reduction

Primary prevention is essential to reduce exposure to modifiable risk factors. Policies promoting
tobacco control, healthy diets, physical activity, vaccination, and reduction of environmental
carcinogens can substantially lower cancer incidence [157-159]. For instance:

e  HPV vaccination programs have dramatically reduced cervical cancer risk in countries with high
coverage [123,157].

¢  Anti-smoking legislation and taxation have contributed to declining lung cancer rates in high-
income countries [46,158].

11.2. Screening and Early Detection
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Population-based screening programs detect cancers at early, more treatable stages, improving
survival and cost-effectiveness. Examples include:

e  Mammography for breast cancer [33].

e  Colonoscopy and fecal immunochemical testing for colorectal cancer [71].

e  Pap smears and HPV testing for cervical cancer [108,117].
Policy initiatives should focus on ensuring equitable access to screening, particularly in low- and
middle-income countries, where disparities in mortality are highest [108,159].

11.3. Health Systems and Access to Care

Disparities in cancer outcomes are strongly influenced by health system capacity, availability of
specialized care, and affordability of advanced treatments. Strengthening healthcare infrastructure,
expanding workforce training, and implementing universal health coverage are key policy priorities
[160,161].

11.4. Research and Innovation Policy

Investments in research, data infrastructure, and technology adoption are necessary to accelerate
precision oncology, immunotherapy, Al-assisted diagnostics, and population health interventions
[154-156]. Policies supporting multi-center collaborations, public-private partnerships, and
translational research can improve global cancer care.

11.5. Global Collaboration and Equity

International collaboration is essential to tackle the rising global cancer burden. The WHO
Global Strategy for Cervical Cancer Elimination and similar initiatives demonstrate the impact of
coordinated public health policies [131]. Policies should prioritize equitable access to vaccines,
screening, treatment, and palliative care, particularly in resource-limited settings [108,123,160].

12.6. Policy Recommendations

Key recommendations include:

Expanding primary prevention programs targeting lifestyle and infection-related risk factors.
Implementing population-based screening and early detection programs.

Enhancing healthcare infrastructure and workforce capacity for timely diagnosis and treatment.
Supporting research and innovation through funding, regulation, and collaboration.

A .

Promoting global equity through international partnerships and policy alignment [157-161].

12. Future Perspectives

The fight against breast, lung, colorectal, prostate, and cervical cancers is entering a new era
characterized by precision medicine, digital health, and integrated public health strategies. The
following trends and priorities are likely to shape future cancer care and research:

12.1. Personalized and Precision Oncology

Advances in genomics, proteomics, and metabolomics are enabling tailored therapies based on
individual tumor profiles. Multi-omic approaches, coupled with Al-driven predictive models, are
expected to optimize therapy selection, reduce toxicity, and improve survival across all five cancers
[162-164]. Expansion of biobanks and global genomic datasets will facilitate equitable access to
precision medicine innovations.

12.2. Early Detection and Screening Innovations

Liquid biopsies, circulating tumor DNA assays, and Al-assisted imaging are poised to
revolutionize early cancer detection, particularly for lung and colorectal cancers where current
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screening is limited [141,143,144]. Integration of these technologies into routine clinical practice,
alongside traditional screening methods, will enhance population-level outcomes and reduce late-
stage diagnoses.

12.3. Immunotherapy and Novel Therapeutics

Ongoing development of immune checkpoint inhibitors, CAR-T therapies, therapeutic vaccines,
and combination regimens promises to expand treatment options for refractory cancers, including
breast, prostate, and cervical cancers [148-150,165]. Personalized immunotherapy strategies guided
by tumor microenvironment profiling are expected to improve response rates and durability of
treatment.

12.4. Digital Health and Al Integration

Digital health platforms, wearable biosensors, and telemedicine will facilitate remote
monitoring, early symptom detection, and improved adherence to treatment protocols [147,155]. Al-
driven clinical decision support can help oncologists interpret complex datasets, optimize therapy,
and predict recurrence or adverse events.

12.5. Global Health Equity and Policy Innovation

Future strategies must prioritize equitable access to vaccines, screening programs, diagnostics,
and therapeutics, particularly in low- and middle-income countries [157,160,161]. Global
collaboration, public-private partnerships, and policy frameworks that integrate prevention, early
detection, and advanced treatment will be critical for reducing disparities and achieving population-
level impact.

12.6. Research and Collaborative Priorities

e  Translational research to bridge laboratory discoveries and clinical application.

o Longitudinal studies to understand cancer etiology and therapy response across
populations.

e Implementation science to optimize uptake of screening and preventive
interventions.

e  Multi-disciplinary collaboration among clinicians, researchers, data scientists,
and policymakers to accelerate innovation and dissemination [154,156,162].
Collectively, these advances promise a future in which cancer care is more precise, personalized,

accessible, and effective, reducing global morbidity and mortality while empowering patients and
healthcare systems alike.

13. Limitations of the Review

While this review provides a comprehensive overview of the top five most common cancers—
breast, lung, colorectal, prostate, and cervical cancers—certain limitations must be acknowledged:

13.1. Scope and Selection Bias

The review focuses on the five most prevalent cancers and may not capture insights from less
common but clinically significant malignancies. Additionally, reliance on published literature may
introduce publication bias, favoring studies with significant findings over null or negative results
[166].

13.2. Heterogeneity of Data Sources
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Global epidemiological and clinical data were sourced from multiple databases and studies,
including GLOBOCAN and WHO reports. Variations in reporting standards, diagnostic criteria, and
healthcare infrastructure across countries can affect comparability and may limit the generalizability
of some conclusions [23,43,108,133].

13.3. Rapidly Evolving Field

Cancer research and treatment are evolving rapidly, with continuous developments in targeted
therapies, immunotherapy, and diagnostic technologies. As a result, some emerging strategies
discussed (e.g., Al-assisted screening, liquid biopsies, novel immunotherapies) may not yet be widely
implemented or validated in routine clinical practice [141,144,148].

13.4. Limited Patient-Level Data

The review synthesizes findings at a population and literature level, without patient-level meta-
analyses. Individual variability in genetics, comorbidities, treatment response, and socioeconomic
factors may influence outcomes and are not fully captured in this analysis [167].

13.5. Language and Accessibility Limitations

Only English-language studies were included, which may exclude relevant data from non-
English publications, particularly studies from low- and middle-income countries where cancer
burden is high [168].

Despite these limitations, this review provides a comprehensive, up-to-date synthesis of the
epidemiology, etiology, treatment, emerging innovations, and public health implications of the five
most common cancers, serving as a valuable reference for researchers, clinicians, and policymakers.

14. Discussion

The global burden of cancer continues to rise, with breast, lung, colorectal, prostate, and cervical
cancers representing the most prevalent malignancies, collectively accounting for millions of new
cases and deaths annually [1,2,23,40,61,83]. This review highlights both the commonalities and
distinct characteristics of these cancers, underscoring the multifactorial etiology, complex molecular
mechanisms, and varying clinical presentations that influence management strategies.

14.1. Epidemiological Trends and Risk Factors

Epidemiological data demonstrate significant geographic, socioeconomic, and demographic
disparities in incidence and mortality. High-income countries report higher incidence rates for breast
and prostate cancers, largely due to lifestyle factors, increased life expectancy, and widespread
screening [3,61]. Conversely, cervical cancer disproportionately affects low- and middle-income
countries due to limited access to HPV vaccination and screening programs [84,157]. Lung cancer
incidence remains closely tied to tobacco use and environmental exposures globally [25,46], while
colorectal cancer shows increasing incidence in regions adopting Westernized diets and sedentary
lifestyles [41,45].

The risk factors for these cancers are a combination of genetic predisposition, hormonal
influences, lifestyle behaviors, infectious agents, and environmental exposures [4-8,25-28,85-89].
Understanding these factors is crucial for implementing effective primary prevention and public
health strategies.

14.2. Molecular Mechanisms and Pathogenesis

The molecular landscape across these cancers reveals both shared and unique pathways.
Common features include mutations in tumor suppressor genes (e.g., TP53, APC), dysregulation of
growth factor signaling (e.g., EGFR, HER2), and aberrant DNA repair mechanisms (e.g.,, BRCA
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mutations) [9-12,29-31,68-71]. HPV-driven cervical carcinogenesis uniquely disrupts p53 and Rb
pathways, demonstrating the role of infectious agents in tumor development [90-92]. Advances in
genomic profiling and multi-omics analyses have enhanced understanding of tumor heterogeneity,
enabling the development of targeted therapies and personalized treatment strategies [137-140,162—
164].

14.3. Current Treatment Strategies

Treatment paradigms for these cancers are evolving, guided by tumor biology, stage, and
patient-specific factors. Surgery, radiotherapy, chemotherapy, targeted therapy, and immunotherapy
form the backbone of management [9,15-20,34-37,53-57,74-79,96-100].

e  Breast cancer benefits from hormone receptor-targeted therapies and HER?2 inhibitors [9,15-20].

e Lung cancer management increasingly incorporates EGFR/ALK inhibitors and immune
checkpoint blockade [34-37,148].

e Colorectal cancer treatment integrates surgery with chemotherapeutics and targeted
monoclonal antibodies [53-57].

e  Prostate cancer employs active surveillance, androgen deprivation therapy, and novel targeted
agents [74-79].

e  Cervical cancer is primarily treated with surgery and chemoradiation, with emerging roles for
immunotherapy and targeted approaches [96-100].

Despite advances, treatment resistance, toxicity, and disparities in access continue to limit
optimal outcomes, particularly in low-resource settings [108,160].

14.4. Emerging Technologies and Innovations

The integration of precision medicine, liquid biopsy, Al-assisted diagnostics, immunotherapy,
and minimally invasive surgery is reshaping cancer care [141-155]. Liquid biopsies and circulating
tumor DNA assays enable early detection and monitoring of minimal residual disease [141-143].
Artificial intelligence improves diagnostic accuracy in imaging and pathology while optimizing
clinical decision-making [144-146]. Immunotherapy, including checkpoint inhibitors and CAR-T
cells, has shown durable responses in select cancers and holds promise for expansion across breast,
prostate, and cervical cancers [148-150]. Robotic and minimally invasive surgical techniques reduce
perioperative morbidity and accelerate recovery [151-153].

14.5. Public Health and Policy Implications

Reducing the global cancer burden requires multi-level public health strategies and policy
interventions [157-161]. Prevention through HPV vaccination, tobacco control, lifestyle modification,
and reduction of environmental carcinogens is essential [157-159]. Population-based screening
programs for breast, colorectal, and cervical cancers improve early detection and survival outcomes
[33,71,108]. Health system strengthening, universal health coverage, and equitable access to
diagnostics and therapeutics are critical to reducing disparities, particularly in low- and middle-
income countries [160,161].

14.6. Integrating Research, Innovation, and Equity

Future strategies emphasize translational research, multi-omics integration, Al-driven
predictive modeling, and personalized immunotherapy [154-156,162-165]. Bridging the gap between
technological innovations and real-world clinical application requires international collaboration,
public-private partnerships, and policy frameworks that prioritize equity and sustainability
[157,160].

14.7. Limitations and Challenges
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Challenges in synthesizing global cancer data include heterogeneity in reporting standards,
publication bias, and rapidly evolving treatment paradigms [166-168]. Additionally, much of the
current evidence is derived from high-income countries, which may limit generalizability to
resource-limited settings [108,157].

15. Conclusion

Breast, lung, colorectal, prostate, and cervical cancers remain the most prevalent malignancies
worldwide, posing sustained challenges to global public health systems, healthcare infrastructures,
and patient survival outcomes [23,43,63,86,107]. Despite notable advancements in screening
modalities, molecular diagnostics, and multimodal therapeutic strategies, these cancers continue to
account for substantial morbidity and mortality, particularly in low- and middle-income countries
where disparities in access to early detection, standardized treatment, and supportive care remain
pronounced [108,123,160].

Although each malignancy is defined by distinct etiological drivers, molecular alterations, and
clinical trajectories, they converge on shared systemic challenges, including delayed diagnosis, tumor
heterogeneity, therapeutic resistance, disease recurrence, and inequities in healthcare delivery
[46,64,102]. Furthermore, critical knowledge gaps persist, particularly regarding biomarker
validation across diverse populations, the integration of multi-omics datasets into clinically
actionable frameworks, and the underrepresentation of resource-limited settings in large-scale
clinical trials. Addressing these gaps is essential to ensure that emerging scientific advances translate
into equitable clinical benefits.

Innovative approaches—including precision oncology, liquid biopsy platforms, artificial
intelligence—assisted diagnostics, immunotherapeutic strategies, and minimally invasive surgical
techniques—are redefining contemporary cancer management and offer substantial promise for
improving early detection, risk stratification, and treatment personalization across these major cancer
types [41,141,148,155]. However, standardization, cost-effectiveness, and real-world implementation
remain key priorities to maximize their global impact.

Comprehensive public health strategies—encompassing primary prevention initiatives,
vaccination programs (particularly HPV vaccination), lifestyle modification, and population-based
screening —remain foundational pillars in reducing incidence and mortality worldwide [123,157,158].
The integration of these preventive frameworks with translational research, digital health
innovations, and equitable policy reforms is critical to bridging persistent gaps in cancer care
delivery, especially in underserved and resource-constrained regions.

Looking ahead, a coordinated, multidisciplinary approach that prioritizes early detection,
biomarker-driven personalized therapies, scalable technologies, and implementation science will be
fundamental to reducing the global cancer burden [160,162,165]. The convergence of technological
innovation, translational oncology, and global health policy provides a transformative opportunity
to shift cancer management from reactive treatment toward proactive, precision-based, and
prevention-centered care.

In conclusion, effectively addressing the five most prevalent cancers demands sustained
collaboration across scientific, clinical, and public health domains. By aligning discovery-driven
research with equitable healthcare systems and evidence-based policy frameworks, the global
community can move closer to achieving accessible, high-quality, and outcome-oriented cancer care
for diverse populations worldwide.
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