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Abstract 

Cancer is a diverse group of diseases characterized by uncontrolled cell growth and division, affecting 

millions worldwide and being a leading cause of death. The disease typically involves genetic 

alterations that disrupt the normal balance of cell growth, leading to the formation of tumors. Tumors 

can be benign, posing no threat as they do not spread, or malignant, capable of invading nearby tissues 

and metastasizing. There are more than 100 types of cancer, each named after the organ or cell where 

it begins, such as lung, breast, prostate, colorectal, and skin cancer. Symptoms vary widely but often 

include fatigue, weight loss, pain, and changes in bodily functions. The diagnosis involves physical 

exams, imaging tests, laboratory tests and biopsy. Treatment strategies include surgery, radiation, 

chemotherapy, targeted therapy, immunotherapy, and hormone therapy, often used in combination for 

optimal results. Non-invasive cancer detection techniques, which do not require surgery or tissue 

biopsy, are crucial for early diagnosis. Imaging methods such as X-rays, CT scans, MRI, ultrasound, 

PET scans, mammography, and endoscopy play a significant role in identifying tumors and determining 

their location, size, and extent. The development of non-invasive screening tests, such as the Pap test 

and modern mammography, has significantly reduced the incidence and mortality rates of cancers like 

cervical and breast cancer. The choice of imaging technology depends on the suspected tumor location, 

type of cancer, and patient’s medical history, emphasizing the importance of personalized approaches 

in cancer detection and treatment. Non-invasive detection methods are continually evolving, offering 

promise for improved early diagnosis and treatment monitoring. Advances in imaging technology, 

coupled with emerging techniques such as liquid biopsies and genetic screening, are enhancing the 

accuracy and efficiency of cancer detection. These innovations are critical in the ongoing effort to 

reduce cancer morbidity and mortality, highlighting the importance of early intervention and 

personalized medicine in improving patient outcomes. 
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INTRODUCTION 

Cancer is a complex and diverse group of diseases marked by the uncontrolled growth and spread of 

abnormal cells in the body. Millions of individuals are impacted each year and it is a primary cause of 

mortality globally. Usually a multi-step process, cancer formation requires genetic alterations or 

modifications to the DNA of cells. Normal cells in the body grow, divide, and die in a regulated way to 

sustain tissues and organs. However, in the case of cancer, specific genetic abnormalities upset this 

equilibrium, resulting in uncontrollable cell division 

and growth. A tumor is a mass of tissue composed 

of abnormal cells. Not all tumors are cancerous; 

benign tumors do not spread to other organs and 

generally are not life-threatening. 

 

In contrast, malignant tumors are cancerous, 

capable of invading nearby tissues, and can 

metastasize to other areas of the body [1]. Each of 

the more than 100 distinct forms of cancer is called 

by the organ or cell type from which it develops. 
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Physical examinations, imaging tests (such as X-rays or CT scans), laboratory testing, and biopsies 

(removing a small tissue sample for examination under a microscope) are frequently used to diagnose 

cancer. Common treatment methods include surgery, radiation therapy, chemotherapy, targeted therapy, 

immunotherapy, and hormone therapy. A variety of therapies are frequently combined to produce the 

best results [2]. 

 

HISTORY OF CANCER SCREENING 

The Pap test was the first commonly used cancer screening test. George Papanicolaou created the test 

as a study technique to comprehend the menstrual cycle. Papanicolaou presented his findings in 1923 

after quickly realizing its potential for early cervical cancer detection. Most doctors were initially 

dubious of the test, and it wasn't until the American Cancer Society (ACS) popularized it in the early 

1960s that it gained widespread acceptance. Due to screening, which can identify cervical pre-cancers 

and cervical cancer at an early stage, the incidence and mortality rates of cervical cancer have fallen by 

more than 50% since that time. Late in the 1960s, modern mammography techniques were created, and 

the ACS made its first official recommendation for them in 1976 [3]. 

 

WHAT IS A NON-INVASIVE CANCER 

• The term “non-invasive cancer” describes a particular kind of cancer that has not spread past 

the tissue layer where it first appeared.  

• Non-invasive cancers do not spread to other parts of the body or invade surrounding tissues. 

Instead, the abnormal cells stay at the area of origin. 

• Invasive malignancies are frequently found at an early stage through routine checkups or 

screening procedures. 

 

NON-INVASIVE WAYS TO DETECT CANCER 

• Non-invasive cancer detection techniques try to spot the disease's presence or its symptoms 

without the need of surgery or tissue biopsy. Here are a few non-invasive techniques to find 

cancer: 

 

Imaging Techniques 

• Several imaging techniques are frequently used to find and identify cancer [Figure 1 (a-d)]. The 

location, size, and extent of tumors can all be learned using these procedures. Here are a few of 

the imaging methods for cancer detection that are most frequently used: 

1. X-ray: X-rays employ low-dose radiation to produce images of the inside organs and tissues 

of the body. They are frequently employed to find bone tumors, such as lung cancer that has 

metastasized to the bones. 

2. Computed Tomography (CT): Using computer technology and X-rays, CT scans produce 

finely detailed cross-sectional images of the body. Tumors in a variety of organs, such as the 

lungs, liver, and abdomen, can be found using CT scans. 

3. Ultrasound: Ultrasound uses high-frequency sound waves to produce images of internal organs 

and tissues. It is frequently used to find tumors in reproductive, liver, and breast organs, among 

other organs. Additionally, ultrasound can direct biopsies for additional analysis [4]. 

4. Positron Emission Tomography (PET): A radioactive tracer that generates positrons is 

injected during a PET scan. A scanner picks up these positrons, and the information is utilized 

to build intricate pictures of the body's metabolic processes. PET scans are often used to 

detect cancer due to the heightened metabolic activity of cancer cells. 

5. Mammography: Mammography is a specialized type of X-ray used to detect breast cancer. 

It is a typical screening tool for women and can be used to find breast tissue anomalies. 

6. It's crucial to remember that the selection of imaging technology is influenced by several 

variables, including the suspected location of the tumor, the type of cancer being looked at, 

and the patient's medical background.  
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Figure 1. (a)-(d) Imaging Techniques to detect cancer. 

 

Blood Tests 

• Blood tests can be used to identify specific cancer types or offer data that could suggest the 

presence of cancer. These tests look for specific biomarkers—substances produced by cancer 

cells or by the body in reaction to cancer—in blood samples. Here are some common blood 

tests used to detect cancer: 

• Complete Blood Count (CBC): A CBC assesses the quantity of various blood cells, such as 

platelets, white blood cells, and red blood cells. Unusual cell counts may point to the existence 

of some cancers, such as lymphoma or leukemia [5]. 

1. Tumor Markers: When certain types of cancer are present, certain molecules in the blood are 

frequently raised. Specific cancer kinds are linked to various tumor markers. For instance, 

the markers PSA and CA-125 are used to diagnose prostate and ovarian cancer, respectively. 

The presence of high tumor marker levels can also be a sign of non-cancerous diseases; 

hence, additional testing is frequently required for a conclusive diagnosis. 

2. Analysis of circulating tumor DNA (ct DNA): Some tumors spew DNA fragments into the 

circulation. The goal of ct DNA analysis is to find genetic changes or modifications linked to 

certain malignancies by locating and examining these pieces. This method is very helpful for 

tracking the effectiveness of cancer treatments, identifying less recurrent diseases, or 

evaluating the risk. 

3. Genetic Testing: Blood samples can be used for genetic testing to find inherited gene variants 

that raise the chance of developing specific cancers, such as the BRCA1 and BRCA2 

mutations linked to breast and ovarian cancer, respectively. Specific cancer cell mutations 

that may influence therapy choices can be found through genetic testing. 

4. Liquid Biopsy: A liquid biopsy involves examining elements of tumor cells that are present 

in the bloodstream, such as circulating tumor cells (CTCs) or cell-free DNA (ct DNA). These 

tests can reveal details on the traits of the tumor, genetic abnormalities, and the way the 

treatment is working. It's crucial to remember that blood tests aren't often utilized as 

conclusive cancer detection techniques. Additional diagnostic procedures, such as imaging 

investigations or biopsies, are typically carried out to confirm the diagnosis if a blood test 

raises the likelihood of cancer. Blood tests are frequently combined with other diagnostic 

techniques to offer a more thorough assessment of a patient's condition. 
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Breath and Urine Tests 

• Urine and breath tests have demonstrated potential as non-invasive techniques for cancer 

monitoring and detection. These tests have the potential to supplement current diagnostic 

strategies even though research and development on them is still ongoing. An overview of 

breath and urine tests for cancer diagnosis is provided below: 

1. Breath tests: Volatile organic chemicals (VOCs) found in exhaled breath are the main focus 

of breath analysis for cancer detection. VOC patterns produced by cancer cells and tumor 

metabolism can be distinctive from those found in healthy people. Breath testing is intended 

to locate these particular VOC patterns linked to cancer. The VOCs are analyzed and 

identified using a variety of methods, including electronic nose devices and gas 

chromatography-mass spectrometry (GC-MS) (Figure 2) [6]. 

2. Tests on the Urine: Finding specific biomarkers or compounds in the urine that could point 

to the presence of cancer is the goal of urine analysis for cancer diagnosis. Proteins, DNA 

fragments, or other metabolites linked to tumor growth can be among these biomarkers. For 

example, the PSA test for prostate cancer measures the levels of PSA in the blood. To identify 

kidney, bladder, and other urological malignancies, further urine-based tests are being 

investigated. 

 

Breath and urine tests may be more effective than some conventional diagnostic techniques at 

detecting cancer since they are non-invasive, simple to repeat, and maybe less expensive. However, 

there are still issues with standardization, sensitivity, and specificity that need to be resolved. To 

ascertain the dependability and correctness of these, more study and clinical validation of these tests. 

 

 
Figure 2. Breath Test to detect cancer. 

 

Artificial Intelligence (AI) and Machine Learning: 

• The use of artificial intelligence (AI) and machine learning (ML) techniques has significantly 

increased the detection and diagnosis of cancer. They could enhance the accuracy, 

effectiveness, and speed of analyzing intricate medical data. Here are some applications of AI 

and ML in cancer detection: (Figure 3) 

1. Image analysis: Medical pictures such as mammograms, CT scans, MRIs, and 

histopathology slides can be analyzed by AI and ML algorithms to look for patterns, 

anomalies, and potential cancer symptoms. These algorithms can help pathologists and 

radiologists recognize and classify tumors more quickly and precisely [7]. 

2. Computer-Aided Diagnosis (CAD): CAD systems help radiologists and pathologists 

understand medical pictures by using AI and ML algorithms. These technologies can provide 

quantitative readings or identify worrisome areas to help with cancer detection and diagnosis. 

Risk Assessment and Prediction: AI and ML algorithms can analyze patient data, such as 

health records, genetic data, and lifestyle factors, to estimate the risk of acquiring cancer. 

These algorithms can aid in the identification of high-risk people who can profit from earlier 

screening or preventive measures. 
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3. Identification of biomarkers: Using AI and ML techniques, large-scale genomic data may be 

analyzed to find gene expression patterns, protein markers, and genetic alterations linked to 

particular cancer types. These findings could contribute to the development of new diagnostic 

biomarkers and targeted therapies. 

4. Data Integration and Decision Support: AI and ML can combine various datasets, like as 

clinical, imaging, and genetic information, to provide a thorough understanding of a patient's 

state. Clinicians can make more informed judgments about diagnosis, treatment planning, 

and monitoring thanks to this integration. 

5. Prognostic modeling: AI and ML systems can examine patient data to forecast outcomes of 

diseases, like the propensity for cancer recurrence or survival rates. These models can assist 

in planning treatments and delivering personalized care for patients. 

 

It's crucial to remember that, even while AI and ML have the potential for cancer diagnosis, their 

purpose is to support and supplement human expertise rather than to replace it. To ensure accuracy, 

rigorous validation and clinical investigations are required [8, 9]. 

 

 
Figure 3. Flow diagram of cancer detection through AI and Machine Learning. 

 

Types of Non-Invasive Cancer 

• Noninvasive cancer does not spread beyond the primary tissue and remains there. Numerous 

malignancies, including those of the breast, skin, and testicles, can be noninvasive. Noninvasive 

cancer is typically easier to treat than invasive cancer. 

 

BREAST CANCER 

• Non-invasive breast cancer, also known as in situ breast cancer, refers to abnormal cell growth 

within the milk ducts (ductal carcinoma in situ, or DCIS) or lobules (lobular carcinoma in situ, 

or LCIS) in the breast. Because they have not progressed to the breast tissue around them or to 

other regions of the body, these disorders are regarded as early-stage breast cancers and are 

non-invasive. Here are a few techniques for non-invasively finding breast cancer: 

1. Mammography: The main method of detecting breast cancer, including non-invasive types, 

is mammography. Images of the breast tissue are made using low-dose X-rays. Calcifications 

or unusual densities that could be signs of DCIS or LCIS can be found on mammograms. 
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2. Breast ultrasound: Breast ultrasound imaging produces images of the breast using high-

frequency sound waves. It can assist in determining if a tumor or lump in the breast that is 

abnormal is solid or fluid-filled (cystic). Mammography and ultrasound are frequently 

combined to further assess any questionable findings [10]. 

3. Magnetic Resonance Imaging: Magnetic resonance imaging (MRI) utilizes a magnetic field 

and radio waves to generate detailed images of the breast. In some circumstances, it may be 

used to screen high-risk people or to offer further details on the severity of non-invasive 

breast cancer. 

4. Core Needle Biopsy: A core needle biopsy may be carried out if a worrisome finding is found 

via a mammogram or ultrasound. A little sample of breast tissue is removed during this 

surgery for analysis. It aids in identifying aggressive or non-invasive breast cancer as an 

anomaly. It's crucial to remember that non-invasive breast cancer is frequently found through 

screening mammography or while looking at symptoms like breast changes or abnormalities. 

Treatment options for non-invasive breast cancer may vary based on the specific diagnosis, 

individual characteristics, and preferences, and can include surgery (like a lumpectomy or 

mastectomy), radiation therapy, and hormone therapy. 

 

Regardless of whether the cancer is aggressive or non-invasive, regular breast cancer screening and 

awareness of breast changes are essential for early identification. To ensure prompt detection and 

suitable management, it's advisable to consult with healthcare specialists and adhere to prescribed 

screening procedures. 

 

SKIN CANCER 

• The first stage of skin cancer, known as non-invasive skin cancer, is marked by the presence of 

abnormal cells solely in the epidermis, which has not yet infiltrated deeper layers or migrated to 

other body regions. Basal cell carcinoma in situ (BCCIS) and squamous cell carcinoma in situ 

(SCCIS) are the two most prevalent kinds of non-invasive skin cancer. Here are a few 

techniques for non-invasive skin cancer detection: 

1. Visual inspection: The initial step in identifying non-invasive skin cancer is frequently a 

visual inspection by a medical practitioner, such as a dermatologist. They look for any 

worrisome lesions, growths, or modifications to moles on the skin. Dermoscopy, which 

entails examining the skin with a hand-held equipment at a higher magnification, may help 

in increasing skin features. 

2. Biopsy: A biopsy may be carried out if a suspicious skin lesion is found. A biopsy is taking a 

small sample of skin for testing in a lab. The biopsy provides details about the precise kind 

and traits of the cancer cells and aids in confirming the presence of non-invasive skin cancer. 

3. Reflectance Confocal Microscopy (RCM): is a non-invasive imaging method that tel high-

resolution of the skin. Without the requirement for a conventional skin biopsy, it can assist 

in differentiating between benign and malignant skin lesions, including non-invasive skin 

cancer [11]. 

4. Optical Coherence Tomography: imaging technique that produces cross-sectional images of 

the skin is optical coherence tomography (OCT). The thickness and depth of skin lesions can 

be assessed, and it can help distinguish between non-invasive and aggressive types of skin 

cancer. 

5. Photo Documentation: Regular photo documentation of skin lesions enables the monitoring 

of any alterations over time. This can be especially useful in tracking the development or 

remission of non-invasive skin cancer or spotting any possible indications that it might 

develop into an invasive form. Figures 4 (a) to (e) 

 

Successful treatment of non-invasive skin cancer depends on early detection. Cryotherapy (freezing), 

topical medicines, photodynamic therapy, and surgical excision are a few minimally invasive treatment 
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options for non-invasive skin cancer. The treatment option is influenced by the type and location of the 

skin cancer, its size, and the patient’s overall health. 

 

Self-examination of the skin regularly and expert skin checks are crucial for catching skin cancer 

early. For any suspicious skin lesions or changes, a dermatologist should be consulted. Skin cancer can 

also be avoided by engaging in sun-safe behaviors including using sunscreen, donning protective gear, 

and limiting one's exposure to the sun [12]. 

 

 
Figures 4. (a) to (e). show different stages of skin cancer (Baseline to 1 Year). 

 

TESTICULAR CANCER 

• The male reproductive organs known as the testicles, which are also responsible for creating 

testosterone and sperm, are where testicular cancer often develops. Testicular cancer frequently 

remains localized to the testicles in its early stages and has not migrated to other organs. Here are 

various techniques for non-invasive testicular cancer detection: 

1. Testicular Self-Examination (TSE): Performing a routine examination of the testicles to 

check for any changes like tumors, swelling, or hardening is known as testicular self-

examination. People can more easily spot any abnormalities that might call for medical 

attention by becoming familiar with the normal size, shape, and feel of the testicles [13]. 

2. Imaging tests: To identify and assess testicular abnormalities, a variety of imaging techniques 

may be performed. The most frequent imaging procedure for detecting testicular cancer is 

ultrasound. It produces finely detailed images of the testicles using sound waves, making it 

possible to spot any suspicious lumps or anomalies. 

3. Blood Tests: Blood tests can be done to check the amounts of specific tumor markers, which 

are molecules the body or cancer cells make. In testicular cancer cases, levels of alpha-

fetoprotein (AFP), human chorionic gonadotropin (HCG), and lactate dehydrogenase (LDH) 

are often evaluated. 

Increased levels of these markers may be a sign of testicular cancer, but additional diagnostic 

testing is required to make the diagnosis. 

4. Biopsy: A testicular biopsy may be carried out if an abnormal mass is seen during imaging 

or if tumor markers point to the likelihood of testicular cancer, although this is not regarded 

(a) (b) (c) (d) (e) 
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as a non-invasive procedure. During a biopsy, a tiny sample of testicular tissue is taken for 

laboratory examination to check for the presence of cancer cells [14, 15]. 

 

It's crucial to keep in mind that, if non-invasive tests reveal a suspicion of testicular cancer, a 

conclusive diagnosis is often only made after surgically removing the afflicted testicle (orchiectomy). 

Through this process, the testicular tissue can be thoroughly examined, and the type and stage of the 

cancer can be determined. 

 

Testicular cancer is highly treatable and has excellent cure rates when diagnosed at an early stage.  

 

For early detection and effective treatment, it is essential to perform routine testicular self-

examinations, be aware of any changes in the testicles, and seek medical assistance for any unusual or 

troubling symptoms. Any worries about the testicles or testicular health are advised to be discussed with 

a medical expert. 

 

CONCLUSION 

In conclusion, cancer remains a complex and formidable health challenge, characterized by 

uncontrolled cell growth due to genetic mutations. Early detection through non-invasive methods such 

as advanced imaging techniques and screening tests has significantly improved cancer management. 

The development of non-invasive detection technologies, including liquid biopsies and genetic 

screening, offers new hope for early diagnosis and personalized treatment. These advancements 

underscore the critical role of early intervention in reducing cancer mortality and improving patient 

outcomes. Continued innovation and research are essential to further enhance detection methods and 

treatment strategies, ultimately striving to overcome the global burden of cancer. 
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