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Introduction
Cancer screening and early detection aim to identify disease before symptoms develop, when
treatment may be more effective. Screening is different from diagnosis. A screening test is applied to
people who do not have signs or symptoms of the cancer being investigated, whereas diagnostic
testing evaluates a person because of symptoms, an abnormal screening result, or another clinical
concern. Advances in imaging, molecular biology, genomics, artificial intelligence, and blood-based
testing are creating new possibilities, but a new technology is useful only when evidence shows that
its benefits exceed its harms in the intended population. Earlier detection is not automatically better if
the test finds indolent tumors, produces many false positives, or leads to invasive procedures without
reducing mortality. This essay reviews established screening principles and emerging approaches
including low-dose computed tomography, human papillomavirus testing, prostate-specific antigen
strategies, liquid biopsy, circulating tumor DNA, multicancer detection tests, imaging AI, and risk-
based screening. (National Cancer Institute, 2024)

Principles of Cancer Screening
A successful screening program requires more than an accurate laboratory or imaging test. The target
cancer should represent an important health problem, a detectable preclinical stage should exist,
effective treatment should be available, and the system must provide confirmatory diagnosis and
follow-up. Screening intervals should balance benefit, burden, and cost.

The most important outcomes are reduction in cancer-specific mortality, serious morbidity, or
advanced-stage disease. A test can appear successful because it increases the number of cancers
detected without changing the number of people who die. This can occur through lead-time bias and
overdiagnosis.

Lead-Time Bias
Lead-time bias occurs when screening moves the date of diagnosis earlier without changing the date
of death. Survival measured from diagnosis appears longer even though the person does not live
longer.

For example, if a cancer would normally be diagnosed at age 68 and the patient dies at age 70,
measured survival is two years. If screening identifies the same cancer at 64 and the patient still dies
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at 70, apparent survival becomes six years although life expectancy did not improve.

Mortality and randomized comparisons are therefore more informative than survival time alone.

Overdiagnosis
Overdiagnosis refers to detection of a cancer that would never have caused symptoms or death
during the person’s lifetime. This is not a false-positive result; the abnormal cells meet the definition
of cancer, but discovering them does not benefit the patient.

Overdiagnosis can lead to surgery, radiation, medication, anxiety, financial cost, and long-term side
effects that would otherwise never have occurred.

The risk varies by cancer and screening method. Programs should communicate uncertainty and
avoid presenting every detected lesion as equally dangerous.

False Positives and False Negatives
A false-positive result suggests cancer when cancer is not present. It may lead to repeated imaging,
biopsy, procedure-related complications, cost, and anxiety. False negatives can delay evaluation by
creating false reassurance.

Sensitivity describes the proportion of people with the disease correctly identified, while specificity
describes the proportion without the disease correctly classified. Positive predictive value depends
strongly on disease prevalence.

A highly sensitive test used in a low-risk population can still produce many false-positive results.

Breast Cancer Screening
Mammography remains the principal screening method for breast cancer in average-risk populations.
Digital breast tomosynthesis provides three-dimensional image reconstruction and can improve
detection in some settings while reducing recalls.

Women at high inherited risk may require MRI in addition to mammography. Dense breast tissue can
reduce mammographic sensitivity and is also associated with increased risk.

Supplemental ultrasound or MRI may be appropriate for selected patients but can increase false-
positive findings. Screening recommendations vary according to age, risk, and professional guideline.
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Artificial Intelligence in Mammography
Artificial intelligence systems can assist radiologists by identifying suspicious regions, prioritizing
examinations, or acting as a second reader. Performance depends on the training data, imaging
equipment, population, and clinical workflow.

An algorithm that performs well in one dataset may perform differently in another health system. Bias
can occur if particular racial, age, or breast-density groups are underrepresented.

AI should therefore be externally validated and monitored after deployment. The clinical question is
whether it improves outcomes and workflow without increasing unnecessary procedures.

Lung Cancer Screening
Low-dose computed tomography is an established screening method for people at high risk because
of age and smoking history. Randomized trials demonstrated mortality benefit compared with chest
radiography in appropriately selected populations.

CT can also identify benign nodules, leading to repeat imaging or invasive evaluation. Standardized
nodule-management systems help reduce unnecessary procedures.

Screening should be combined with smoking-cessation support. It does not make continued smoking
safe. (National Cancer Institute, 2025)

Cervical Cancer Screening
Cervical cancer screening has changed substantially through understanding of persistent high-risk
human papillomavirus infection. Screening approaches include HPV testing, cervical cytology, and
combinations according to age and guideline.

HPV testing can identify people at risk before cellular abnormalities become severe. Vaccination
reduces future cervical cancer risk but does not immediately eliminate the need for screening
because vaccinated populations may have prior exposure or incomplete protection.

Self-collected samples for HPV testing are expanding access in some settings, although regulatory
approval and follow-up pathways vary.

Colorectal Cancer Screening
Colorectal screening options include colonoscopy, stool-based tests, and other methods. Colonoscopy
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can both detect cancer and remove precancerous polyps.

Stool tests are less invasive and may increase participation but must be repeated at recommended
intervals. A positive stool test requires colonoscopy for diagnosis.

The best test is not only the most sensitive one. Participation, access, follow-up completion, and
patient preference determine real-world effectiveness.

Prostate Cancer Screening
Prostate-specific antigen testing can detect prostate cancer before symptoms, but it also identifies
tumors that may never become clinically important. PSA can be elevated because of benign prostate
conditions as well as cancer.

Modern approaches use shared decision-making and additional risk information, including age, family
history, race, PSA trend, imaging, and biomarkers, before biopsy.

Active surveillance allows selected low-risk cancers to be monitored rather than treated immediately,
reducing some harms of overdiagnosis.

Risk-Based Screening
Traditional screening often uses age and sex as major eligibility criteria. Risk-based screening adds
family history, genetics, prior disease, smoking, breast density, environmental exposure, and other
factors.

Risk stratification can focus intensive screening on people most likely to benefit while reducing
unnecessary testing in lower-risk groups.

Models must be validated across diverse populations and should not worsen inequality by depending
on data or genetic testing available only to wealthier patients.

Genetic Testing and Hereditary Cancer
Pathogenic variants in genes such as BRCA1, BRCA2, Lynch syndrome genes, and others can
substantially increase cancer risk. Genetic testing may lead to earlier or more intensive screening,
preventive medication, or risk-reducing surgery.

Testing should be paired with informed consent and appropriate counseling. Variants of uncertain
significance should not be treated as confirmed disease-causing mutations.
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Family implications must also be considered because results may reveal risk for relatives.

Liquid Biopsy
Liquid biopsy refers to analysis of tumor-related material in blood or other body fluids. Targets include
circulating tumor DNA, circulating tumor cells, proteins, RNA, methylation patterns, and extracellular
vesicles.

Liquid biopsy is already useful in some diagnosed cancers for selecting treatment or monitoring
resistance. Using it for population screening is more difficult because very early tumors release small
amounts of detectable material.

A screening test must distinguish clinically important cancer from biological noise and identify the
tissue of origin accurately enough to guide diagnostic evaluation.

Circulating Tumor DNA
Circulating tumor DNA contains fragments released by cancer cells. Sequencing or methylation
analysis may identify tumor-associated patterns.

Sensitivity generally increases with tumor burden, which creates a challenge for stage I cancer. A
negative blood test cannot currently exclude all early cancers.

False positives may arise from age-related clonal hematopoiesis or technical error. Confirmatory
pathways are therefore essential.

Multicancer Early Detection Tests
Multicancer early detection tests attempt to screen for several cancers using one blood sample. They
may analyze DNA methylation, mutations, proteins, or combined signals.

The concept is attractive because many lethal cancers currently lack population screening. However,
evidence is still developing regarding mortality benefit, stage shift, false-positive consequences,
diagnostic workup, and cost. (National Cancer Institute, 2024)

Detection of a signal must be followed by imaging, endoscopy, biopsy, or other evaluation. A blood
test does not itself establish a cancer diagnosis.
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Minimal Residual Disease
Circulating tumor DNA can also be used after cancer treatment to look for molecular evidence of
residual disease. This use differs from screening healthy populations.

A positive result may indicate higher recurrence risk, but whether changing treatment based on the
test improves survival must be established for each cancer and clinical context.

The distinction between recurrence monitoring and population screening is important because the
pretest probability is much higher in a person already diagnosed with cancer.

Imaging Biomarkers
Advanced imaging methods include multiparametric MRI, PET tracers, spectral CT, contrast-enhanced
mammography, and quantitative radiomics.

These technologies can improve characterization of lesions but may also identify incidental findings.
More detailed imaging does not automatically improve outcomes.

Protocols should define who should receive advanced imaging and how results change management.

Radiomics
Radiomics converts imaging features into quantitative data that may reflect tumor phenotype.
Machine-learning models can combine texture, shape, intensity, and clinical variables.

Reproducibility is a major challenge because features can change with scanner, reconstruction,
segmentation, and software.

Prospective validation is needed before radiomic signatures can be used broadly for screening
decisions.

Artificial Intelligence Across Screening
AI is being studied in mammography, chest CT, colonoscopy, pathology, dermatology, and risk
prediction. It may improve detection, standardize interpretation, and reduce workload.

Automation bias is a concern because clinicians may overtrust an incorrect output. Systems should
communicate uncertainty and preserve meaningful human review.

Regulators and health systems also need processes for version control because model performance
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can change after software updates.

Skin Cancer Detection
Digital dermoscopy and AI image classification can assist assessment of pigmented lesions. Consumer
smartphone applications are also widely marketed.

Image quality, skin tone, lesion type, and training data affect performance. A mobile application
should not be used to rule out melanoma when a lesion is changing or clinically concerning.

Teledermatology may improve access, but suspicious lesions still require professional examination
and often biopsy.

Pancreatic Cancer
Pancreatic cancer is difficult to screen because it is relatively uncommon in the general population
and often becomes symptomatic late. Broad screening can produce many false-positive findings.

Research focuses on high-risk groups with inherited syndromes or strong family history using MRI and
endoscopic ultrasound.

Blood biomarkers and multicancer tests are being investigated, but population mortality benefit has
not been established.

Ovarian Cancer
Ovarian cancer is another area where effective population screening remains challenging. CA-125 and
transvaginal ultrasound have been studied extensively but have not demonstrated sufficient benefit
for routine average-risk screening.

High-risk patients may require individualized genetic and preventive strategies rather than reliance
on screening tests.

A new biomarker would need to demonstrate that earlier detection improves meaningful outcomes.

Screening Participation
Even an effective test produces little population benefit if people cannot access it. Barriers include
cost, transportation, time off work, language, fear, distrust, and lack of primary care.
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Mailing stool tests, mobile mammography, reminder systems, navigation, and culturally appropriate
communication can increase participation.

Programs should monitor whether follow-up after an abnormal result occurs. Detection without
diagnostic completion can widen disparities.

Health Equity
Cancer mortality differs across racial, geographic, and socioeconomic groups because of exposure,
access, comorbidity, insurance, treatment quality, and other structural factors.

New technologies can widen inequality if they are available only in specialized centers or require
expensive out-of-pocket testing.

Clinical trials should include diverse populations so that performance is known across groups.

Cost Effectiveness
Screening consumes resources through testing, follow-up, treatment, and surveillance. Cost-
effectiveness analysis compares these costs with health benefits.

A highly priced test with frequent false positives may create large downstream expenditure. Earlier
treatment may reduce cost for some cancers but increase intervention for overdiagnosed disease.

Economic analysis should not replace patient values but can inform population policy.

Communication and Shared Decision Making
Some screening decisions have a clear population recommendation, while others involve close
tradeoffs. Shared decision-making is particularly important when benefits and harms depend strongly
on personal risk and preference.

Clinicians should explain absolute risk, false positives, overdiagnosis, follow-up procedures, and the
meaning of a negative result.

Patients should not be told that screening “prevents cancer” unless the method truly reduces
incidence by removing precancerous lesions or through another established mechanism.



Copyright © 2026 Academic Master. | 9

Evaluating New Tests
A new screening technology should proceed through analytic validation, clinical validation, and
evidence of clinical utility. Analytic validation asks whether the laboratory or algorithm measures the
intended signal accurately. Clinical validation asks whether the signal identifies cancer in the target
population. Clinical utility asks whether using the result improves outcomes.

Prospective trials and real-world surveillance are essential because performance in retrospective
case-control datasets may be overly optimistic.

Regulatory approval does not automatically mean that every professional guideline recommends
routine use.

Future Directions
Future screening may combine genetics, clinical history, imaging, circulating biomarkers, and artificial
intelligence to create personalized risk pathways. Longitudinal measurements may be more
informative than one threshold value because change over time can identify deviation from an
individual baseline.

Home sampling and digital navigation may improve access. Multicancer tests may eventually address
cancers without established screening if trials demonstrate mortality or meaningful stage-shift
benefit.

The goal should remain reduction of suffering and death rather than maximizing the number of
abnormalities detected. (Grönberg et al., 2015)

Conclusion
New technologies are expanding the possibilities for cancer screening and early detection. Liquid
biopsy, circulating tumor DNA, multicancer tests, advanced imaging, artificial intelligence, and
personalized risk models are promising but differ in evidence and readiness.

Established screening programs demonstrate that benefit requires an effective test, an appropriate
target population, timely follow-up, and treatment that changes outcomes. New methods must be
evaluated for mortality benefit, overdiagnosis, false positives, cost, access, and equity.

Earlier detection is valuable when it helps people live longer or better. The future of cancer screening
should therefore be guided by rigorous evidence rather than the assumption that finding more
disease is always beneficial. (National Cancer Institute, 2025)
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