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ABSTRACT

A biomarker, also known as a biological marker, is a measurable indicator of a biological state or condition. Biomarkers are frequently measured and assessed utilizing blood, urine, or soft tissues. Biomarkers are medical tools that are classified by their clinical usefulness. All four types of biomarkers play a clinical function in narrowing or guiding treatment decisions and are classified as either predictive, prognostic, or diagnostic. The ethical safeguards should protect not just the study participants, but also non-participants, researchers, sponsors, regulators, and any other individuals or groups participating in the study.
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I. Introduction

The rational development of pharmaceuticals and medical technologies depends on biomarkers. However, despite their immense significance; there is a lot of misunderstanding regarding the basic terminology and concepts associated with their usage in both research and clinical practice. Further, it has been noted that comprehending chronic disease and nutrition is hampered by the intricacy of biomarkers. Biomarkers have grown in importance in recent years in pharmaceutical discovery, helping to pinpoint a drug's mechanism of action, examine toxicity and efficacy signals early in the development process, and pinpoint patients who are likely to react to treatment [1-3].
Biomarkers, as described by Hulka and colleagues, are "cellular, biochemical or molecular alterations that are measurable in biological media, such as human tissues, cells, or fluids."  The concept has been expanded to encompass biological traits that may be scientifically examined and assessed as a sign of healthy biological processes, pathological processes, or pharmacological responses to a therapeutic intervention. In order to learn more about the neurological system, a variety of procedures are employed to gather data on both healthy and sick states of the brain [4]. These could entail measurements made directly on biological media (like blood or cerebrospinal fluid), or measurements made using techniques like brain imaging that do not directly sample biological media but rather track changes in the structure or functionality of the nervous system.

An attribute that may be tested and assessed objectively as a sign of healthy biological processes, unhealthy processes, or pharmacologic reactions to a therapeutic intervention. A protein whose quantity in the blood can be used to determine the existence or severity of a disease state is known as a biomarker. In a broader sense, a biomarker is anything that can be used to detect a certain disease state or another biological condition of an organism. Cells, chemicals, genes, gene products, enzymes, and hormones can all be used as biomarkers. Biomarkers can also be used to identify complex organ functions or broad variations in biological structures [5, 6].

· Generations of epidemiologists, doctors, and scientists have employed a variety of biomarkers to research human disease. 

· Despite the fact that the term "biomarker" is relatively new, biomarkers have been employed in clinical diagnosis and preclinical research for a very long time. For instance, body temperature is a well-known biomarker for fever. Risk of stroke is assessed using blood pressure.

· Additionally, it is well recognized that C-reactive protein (CRP) is a biomarker for inflammation and serves as a risk indicator for coronary and vascular disease as well as cholesterol readings.

· In the real world, biomarkers are instruments and technology that can help in understanding disease prognosis, etiology, diagnosis, progression, remission, and treatment outcomes.

· A biomarker is a variable that can be used to gauge a disease's progression or the effectiveness of treatment.

· Chemical, physical, or biological parameters are all possible. In terms of molecular terminology, a biomarker is a subset of indicators that could be found utilizing imaging, genomics, or proteomics methods.

· By assisting in early diagnosis, illness prevention, drug target identification, drug response, etc., biomarkers provide us a hand in the future.

· A number of disease-based biomarkers, such as serum LDL for cholesterol, blood pressure, the P53 gene, and MMPs for cancer, etc., have been discovered.

· In the current scientific environment, a gene-based biomarker is determined to be a useful and acceptable marker.

· Biomarkers can also show the full spectrum of a disease, from its early symptoms to its final stages. 
Generations of epidemiologists, doctors, and scientists have employed a variety of biomarkers to examine human disease. It is commonly established that biomarkers can be used to diagnose and treat cancer, infections, genetic and immunological problems, and cardiovascular disease [7]. Their usage in research has developed out of the necessity for a more accurate, recall-free measurement of exposures in the disease's causal pathway that also has the ability to reveal data on the exposures' assimilation and metabolism. Biomarkers have also been used by neuroscientists to help with the diagnosis, treatment, and investigation of the causes of illnesses of the neurological system. Researchers have used blood, brain, cerebrospinal fluid, muscle, nerve, skin, and urine to gather data on the nervous system in both a healthy and pathological state.

II. History of Biomarkers
Biomarkers have been used to diagnose disease and enhance treatment since the very beginning of medicine. Uroscopy, which involves checking a patient's urine for signs of disease, has been practiced since at least the 14th century, when doctors would routinely check the urine's color and consistency.
This definition states that biomarkers are routinely measured and assessed indications of typical biologic and pathologic processes or pharmacologic reactions to a therapeutic intervention. The worldwide meaning of the term "biomarker" in clinical pharmacology has been widely adopted. Additionally, a biological marker, or biomarker, is a quantifiable indicator that has the potential to be helpful throughout the entire disease process, research and development of therapies, complicating disease diagnosis, prognosis, and monitoring, or disease progression or response to treatment, according to the Food and Drug Administration (FDA) [08]. As a result, when all the relevant factors are considered, a biomarker can be described as a specific element linked to a typical biological process, a pathogenic mechanism, or a biological reaction to external interference, a chemical agent, or a group of chemical agents, but not the presence of the agent or its metabolites within the body tissues (internal dose) [9, 10].

A. Philadelphia Chromosome:

A truncated version of chromosome 22 was shown to be connected with some patients' chronic myelogenous leukemia (CML), an adult leukemia that causes a proliferation of myeloid cells in the bone marrow. This discovery was made in 1960. The Philadelphia chromosome is an anomaly that results from a translocation of chromosomes 9 and 22. The Philadelphia chromosome was found to be a biomarker that might be used to identify patients who would respond favorably to treatment candidates (tyrosine kinase inhibitors) that particularly target the rogue protein [11].

B. HIV viral load:

Scientists learned that HIV viral load could be used as a metric of disease progression and, later, as a gauge of the effectiveness of antiretroviral therapy in the late 1980s. The use of viral load demonstrated that combination therapy was more effective at slowing the development of the disease than immunotherapy, with combination therapy patients experiencing a greater drop in viral load. In the end, the highly active antiretroviral therapy (HAART) treatment regimens containing a combination of many medications that are currently used by many people living with HIV were developed and evaluated using the viral load biomarker.

C. HER-2 gene and receptor:

The HER-2 gene and receptor, which were discovered in the middle of the 1980s, are arguably the most well-known biomarkers in modern drug development history. The HER-2 receptor is overexpressed on the cancer cells of 20–30% of breast cancer patients. Although this biomarker suggests a greater likelihood of unfavorable outcomes, it also provided medics with a fresh target for cutting-edge treatments [12]. Many of these women who have HER-2 receptor overexpression respond favorably to the antibody trastuzumab (Heretic), which successfully slows the growth of cancer cells in these patients. Hemoglobin A1C (HbA1c), a test that reveals glucose levels from the past two weeks, can be used by diabetic patients to check their blood sugar levels. Prostate-specific antigen (PSA) and liver function tests (LFT) are used to evaluate the toxicity of the liver and the risk of prostate cancer, respectively. It has historically taken decades for these typical indicators to enter clinical use.

III. Types of Biomarkers
Perera and Weinstein categorize biomarkers according to the events that follow exposure to an illness. Although biomarkers are well suited to epidemiological research, they are also helpful in determining a disease's natural history and prognosis. Schulte has described what biomarkers are capable of. In addition to drawing a line between exposure and disease, biomarkers may be able to pinpoint the earliest historical occurrences, lessening the degree to which exposure and disease are misclassified, providing a window into potential disease pathogenesis mechanisms, and modifying the effect of risk prediction. Additionally, biomarkers can shed light on the course of an illness, its prognosis, and how well it responds to treatment [13, 14].
Types of Biomarkers [15]: 

1. Susceptibility/Risk Biomarkers

Biomarkers for susceptibility and risk make up the first group. These biomarkers can forecast a person's future propensity to contract a certain illness or condition. An example of a susceptibility/risk biomarker is a genetic test that reveals a propensity for breast cancer. For instance, ovarian and breast cancer risk are both elevated by mutations in the BRCA1 and BRCA2 genes. Individuals who may benefit from greater surveillance, risk-reducing procedures, or targeted medicines can be found by testing for these variants.

2. Diagnostic Biomarkers

Diagnostic biomarkers, on the other hand, are used to determine if a disease or other medical condition exists. Biomarkers used for diagnosis can also reveal details about a disease's features. Following are some illustrations of disease biomarkers: PSA, or prostate-specific antigen, is a biomarker used to identify and track the progression of prostate cancer. Prostate cancer can be detected by elevated PSA levels in the blood, and PSA level variations over time can be used to track the course of the illness or the effectiveness of therapy. The biomarker C-reactive protein (CRP) is used to measure inflammation in the body. Increased blood levels of CRP have been linked to a number of inflammatory disorders, including lupus, rheumatoid arthritis, and cardiovascular conditions.

3. Prognostic Biomarkers

Prognostic biomarkers, which fall under the third group, can forecast the likelihood of a clinical event, including the recurrence or advancement of a disease in individuals who already have it. Prognostic biomarkers include, for instance: In breast cancer, prostate cancer, and other malignancies, this protein, which is a marker of cell proliferation, is frequently employed as a predictive biomarker. More aggressive malignancies and worse prognoses are linked to high levels of Ki-67. Melanoma and other malignancies typically have mutations in the BRAF gene. The outcome of targeted therapy, such as BRAF inhibitors, can be predicted with the use of BRAF mutation testing. Patients who have BRAF mutations could respond better to these medications and get advantages from starting therapy with them early.

4. Monitoring Biomarkers

Monitoring biomarkers falls under the fourth category. These indicators are repeatedly examined to determine the severity of an illness or disease, as well as to determine how much exposure to a drug or an environmental contaminant has occurred. Monitoring biomarkers is crucial for managing and treating illness.

Examples of monitoring biomarkers include: Hemoglobin A1c (HbA1c): A biomarker called HbA1c is used to identify and track diabetes. Blood HbA1c values can be used to track the development of the illness or the efficacy of diabetic therapies since they represent the average blood glucose levels over the previous three months. Brain natriuretic peptide (BNP): A biomarker for heart failure is called BNP. In reaction to elevated pressure and volume, which are frequent in heart failure, the heart releases BNP. Monitoring BNP levels can aid in determining the extent of heart failure and helping to direct therapy choices.

5. Predictive Biomarkers

Predictive biomarkers, which are used to identify people who are more likely than others to suffer a positive or negative reaction from exposure to a medicinal product or environmental contaminant, make up the fifth group. Treatment choices are correlated with predictive biomarkers. The presence of the HER2 protein, which suggests that some breast cancer patients may respond favorably to a particular targeted therapy, is an illustration of a predictive biomarker. Breast cancer patients' HER2/neu status: Some breast cancers have an overexpression of the protein HER2/neu. The outcome of targeted medicines like trastuzumab (Herceptin) can be predicted with the use of HER2/neu status testing. Early trastuzumab therapy may be advantageous for patients with HER2/neu-positive breast cancer and improve outcomes. EGFR mutation status in non-small cell lung cancer: Non-small cell lung cancer (NSCLC) typically has mutations in the EGFR gene. The results of EGFR mutation testing can be used to predict how well patients will respond to specific treatments like gefitinib (Iressa) and erlotinib (Tarceva). Patients with EGFR mutations could respond better to certain medications and get advantages from starting therapy with them early.

6. Pharmacodynamic/Response Biomarkers

Pharmacodynamic/response biomarkers, which demonstrate that a biological reaction has taken place in a person who has been exposed to a medication or environmental contaminant, make up the sixth group. Clinical studies frequently employ these indicators to assess the efficacy of novel therapies. The measuring of tumor size in response to chemotherapy for cancer treatment is an illustration of a pharmacodynamic/response biomarker.

7. Safety Biomarkers

Safety biomarkers, which show the possibility, existence, or degree of toxicity as an unfavorable consequence of exposure to a medical product or environmental contaminant, make up the seventh and last group. For instance: Liver function tests (LFTs): LFTs are a class of blood tests that gauge the liver's production of various proteins and enzymes. To monitor liver function and identify drug-induced liver damage (DILI), a possible side effect of some drugs, LFTs can be employed as safety biomarkers. Creatinine clearance: As a safety biomarker to track possible nephrotoxicity (toxicity to the kidneys) of several treatments, including antibiotics and chemotherapy agents, creatinine clearance is a measurement of kidney function.

A. Capabilities of Biomarkers
· Delineation of events between exposure and disease

· Establishment of dose-response

· Identification of early events in natural history

· Identification of mechanisms by which exposure and disease are related

· Reduction in misclassification of exposures or risk factors and disease

· Establishment of variability and effect modification

· Enhanced individual and group risk assessments

Biomarkers come in two main categories: those of exposure, which are used to predict risk, and those of disease, which are used for disease screening, diagnosis, and progression tracking. The use of biomarkers in risk assessment, screening, and diagnostic procedures is well-established, and they have a number of clear benefits. Numerous neurological illnesses are categorized using histological diagnoses or established clinical criteria. Additionally, biomarkers have the capacity to detect neurological disease at an early stage, offer a system for uniformly classifying diseases, and increase our understanding of the etiology of underlying diseases. All forms of clinical study, from clinical trials to epidemiological observational studies, can directly benefit from these advantages [16].

Molecular biomarkers also have the ability to identify those who are disease-prone. Neurological practice has already been impacted by molecular genetics, improving diagnosis. Instead of depending on a report of the "family history" of the disease, a biomarker, for instance, will allow stratification of a population based on a particular "genotype" associated with a disease. This kind of quantification of "susceptibility" can be a crucial technique for determining illness risk in different populations.

IV. Classification of Biomarkers
Biomarkers can be classified based on two different parameters:
A.    Based on their characteristics: Imaging, Non-Imaging
B. Based on genetic and molecular biology methods: Type 0 - Natural history markers,                                 Type 1 - Drug activity markers, Type 2 - Surrogate markers.

C.    Based on disease-related: Predictive biomarker, Diagnostic biomarker, Prognostic biomarker

D.    Based on Drug-related biomarkers


As objectively quantifiable indicators of typical bio-processes, pathogenic processes, or pharmacological consequences of various medicinal regimens, biomarkers have specific distinguishing characteristics that may be measured [17]. These are divided into many sorts, including: 
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Figure1: Biomarkers Classification 
A. Imaging Biomarkers:

Biomarkers are indicators of a healthy biological process, a diseased process, or the body's reaction to a treatment. Images of anatomical and physiological changes in the body are captured using a number of technologies by imaging-based biomarkers. They typically yield non-intrusive, multidimensional outcomes that are intuitive. They normally provide both qualitative and quantitative data, and patients find them to be rather pleasant.

a. X-Ray:

X-ray technology has been in use for over 100 years and has served to identify structural markers in biomedicine for almost as long.

b. Computed Tomography (CT):

Sometimes also called computed axial tomography. In this 2-dimensional images are then digitally converted to 3-dimensional images. CT was introduced during the 1970s and its use has expanded widely.

c. Magnetic Resonance Imaging (MRI):

MRI is better at distinguishing soft tissues than tomography. The first MR image was published in 1973. In addition, optical imaging is frequently used in drug discovery and pre-clinical animal research and is increasingly used in the clinic for humans, for example with optical CT scanning.

d. Positron Emission Tomography (PET):

Computerized tomography assembles a 3- dimensional image of the area of interest. The first PET machines for use in humans were introduced in early 1970.

A. Non-Imaging Biomarkers:

Nucleic acids-based biomarkers like gene mutations or polymorphisms and quantitative gene expression molecules are examples of non-imaging biomarkers with biophysical properties that enable measurement in biological samples (for example, plasma, serum, cerebrospinal fluid, bronchoalveolar cleavage, and biopsy)16. Molecular biomarkers can also refer to non-imaging biomarkers that have these properties. Early-stage drug development decision-making biomarkers are a different class of biomarker. For instance, pharmacodynamic (PD) biomarkers, markers of a specific pharmacological response, are of particular interest in dose optimization investigations.

B. Based on genetic and molecular biology methods

a. (Type 0) - Natural history markers
A marker of natural history of a disease and correlates longitudinally with known clinical indices.

b. (Type 1) - Drug activity markers
A marker that captures the effect of a therapeutic intervention in accordance with its mechanism of action.

c. (Type 2) - Surrogate markers
A marker intended to substitute for a clinical endpoint; a surrogate endpoint is expected to predict clinical benefit or lack of benefit on the basis of epidemiology, therapeutic, Pathophysiological, or other scientific evidence.

C. Based on Disease-related
Disease-related biomarkers give an indication of whether there is a threat of disease if a disease already exists or how such a disease may develop in an individual case.

a. Predictive biomarkers
Predictive biomarkers define populations that might respond more favorably to a particular intervention from an efficacy or safety perspective. They can be used to stratify patients for subgroup analyses.

b. Diagnostic biomarkers
Diagnostic biomarkers provide the means to define a population with a specific disease. (i.e., cardiac troponin for the diagnosis of myocardial infarction).

c. Prognostic biomarker
Results and prognostic biomarkers are correlated. Poor prognoses are indicated, for instance, by overexpression of Her-2/neu in breast cancer or EGFR in colorectal cancer. Such prognostic markers are routinely used to define a patient population or to determine inclusion criteria for therapeutic trials.

D. Based on Drug-related biomarkers
Medicine-related biomarkers provide information about a patient's body's ability to metabolize a medicine and whether a drug will be effective in that patient. There are numerous unique biomarkers that are employed in a variety of medical disciplines in addition to well-established characteristics like those that are included in and objectively quantified in a blood count. 
V. Exposures to the environment, impact modifying factors, or risk factors
Naturally, researchers want to determine the extent of exposure when they suspect an illness is brought on by harmful exposure. The amount of the toxin that has been detected in a person's immediate environment is known as external exposure. A direct measurement of the purported toxin in the air, water, soil, or food can provide accurate information regarding the "dose" of the exposure, whereas questionnaires provide a historical narrative of the exposure. The basis for understanding the connection to the illness process is provided by the measurement of the external dose, but a measurement of the "internal" dose may offer more accuracy.

The toxin becomes a biomarker for the internal dose when it is found in tissues or bodily fluids. The amount of toxin or chemical assessed in the target organ or a substitute for it is typically indicated by a biomarker that measures a "biologically effective dose". An excellent illustration is exposure to lead. The best indicator of the exposure dose can be found in blood and tissues (hair, nails, and teeth), which can be used to strengthen a history of lead exposure. Because a variety of bodily fluids may be used depending on the pharmacologic qualities of the agent, the pharmacokinetic features of the toxin or chemical of interest become crucial to take into account in the determination of the internal dose. Adipose tissue stores some chemicals, such as halogenated hydrocarbons, while organophosphate insecticides are best detected in blood or urine [18, 19].

Because of the pharmacologic characteristics of the chemical or toxin, biomarkers are particularly helpful in the cross-sectional assessment of acute disease. Finding biomarkers for exposures that remain stable over the extended durations necessary for prospective investigations of chronic neurological illnesses like Alzheimer's disease is particularly challenging. Depending on the disease being studied and the pharmacologic properties of the biomarker, banked serum or plasma may be useful in some circumstances. For this class of biomarker, considerations regarding timing, persistence, dose, and storage location are all necessary.

Using life table methodologies and recurrence risk, epidemiologic analysis can look at familial aggregation and evaluate the genetic and environmental contributors to disease. Mendelian forms of disease are frequently caused by deterministic gene mutations. Polymorphisms or variant alleles in genes may be connected to vulnerability, although they are not predictable [20]. The majority of adult-onset degenerative nervous system illnesses are probably a combination of related heritable and environmental factors. The trait or disease is made up of the linked combinations of these qualities. As a result, the etiology may or may not be directly related to these kinds of antecedent biomarkers.

Biomarkers of genetic vulnerability for neurological illnesses are quickly expanding in availability. The pathophysiology of Alzheimer's disease can be better understood by identifying the variant allele of a gene, such as APOE (apolipoprotein E), and calculating risk. Researchers can now analyze additional genetic or environmental risk factors to see if they modify (raise or decrease) the risk of Alzheimer's disease in light of this information.

VI. Intermediate biomarkers

Some biomarkers are directly linked to a disease because they are direct steps in the disease's causative chain. Others are indirectly connected to the cause in some way. There are many options to think about. A biomarker may require additional known or unidentified factors to contribute to disease. Although it is not the only factor, it is part of the causative chain and is still closely tied to the disease. The biomarker might also be connected to a known exposure or signify a change brought on by the exposure that leads to the disease. The most dangerous scenario is when the biomarker is connected to an unidentified component that is also connected to the exposure. If this type of confounder is not discovered, the validity of the link between the biomarker and the disease may be weakened.

VII. Screening, Diagnostic Tests and Prognosis
Prodromal biomarkers enable earlier diagnosis or permit the determination of the desired outcome at a more early stage of the disease. The relevant biological data for the diagnosis is provided by cerebrospinal fluid, blood, and urine. Biological factors that signify a subclinical symptom, a stage of the disorder, or a substitute manifestation of the disease are used as biomarkers in various disorders. The surrogate manifestations of the disease are frequently represented by biomarkers used for screening or diagnosis. The potential uses of this class of biomarkers include 1) identification of individuals destined to become affected or who are in the “preclinical” stages of the illness, 2) reduction in disease heterogeneity in clinical trials or epidemiologic studies, 3) reflection of the natural history of disease encompassing the phases of induction, latency, and detection, and 4) target for a clinical trial. The improvement in validity and precision far outweighs the difficulty in obtaining such tissues from patients [21].

Regardless of whether a person has the condition, the majority of ethical review boards and healthcare systems mandate proper follow-up for those who test positive. Additionally, those who test positive should have access to treatment that is both acceptable and accessible. Those who test positive and have an illness ought to have access to effective and readily available therapies. It is helpful to keep in mind that primary (before the development of symptoms) or secondary (early or prodromal identification) prevention is the main advantage of screening. Think about the advantages of performing a therapy trial in patients prior to overt signs.

In clinical research and practice, the use of diagnostic testing for neurological illnesses is rising. The gathering of data from numerous sources, some of which include the outcomes of diagnostic tests, aids in the diagnostic effort's ultimate goal of raising the likelihood of a particular diagnosis. Clinical tests are also used, if less frequently, for other purposes, such as assessing the severity of a disease, forecasting its onset, or tracking the effectiveness of a certain medication. More importantly, clinical trials can readily use disease-related biomarkers. Another benefit of this kind of diagnostic test is the decrease in illness heterogeneity in clinical trials or observational epidemiologic research, which improves our comprehension of the induction, latency, and detection phases of disease natural history.

It's essential to be repeatable or reliable. If the biomarker is unreliable, laboratory errors could result in incorrect classification of exposures or diseases. In order to demonstrate a reasonable level of reliability, pilot studies should be carried out. The dependability of the biomarkers employed in any inquiry may be impacted by modifications to laboratory staff, methodology, storage, and transit practices. To evaluate test-retest agreement and consistency, employ kappa statistics for binary or dichotomous data and intra class correlation coefficients.

The evaluation of the validity of a biomarker is complex. Schulte and Perera suggest three aspects of measurement validity: 
1) Content validity, which shows the degree to which a biomarker reflects the biological phenomenon studied, 
2) Construct validity, which pertains to other relevant characteristics of the disease or trait, for example, other biomarkers or disease manifestations, and 
3) Criterion validity, which shows the extent to which the biomarker correlates with the specific disease and is usually measured by sensitivity, specificity, and predictive power.
4) False positives and false negatives, as well as positive and negative predictive power, should also be assessed in order to more fully assess the impact of disease misclassification. 
The biomarker should have a clear predictive value in every case, however this is not always the case. In particular when other tests are employed, receiver-operator characteristic curves might offer the tools required to choose the optimal option in terms of sensitivity and false-positive rates.

The majority would concur that screening tests for chronic progressive illnesses would be highly beneficial. Early detection with the aim of curing the sickness completely is one goal of screening. The same techniques and issues that apply to diagnostic testing also apply to screening. Sensitivity and specificity, like other diagnostic techniques, indicate the test's accuracy but not the likelihood of a condition. We must evaluate the predictive values—both positive and negative—for it. The percentage of individuals with a positive test result who actually have the condition is known as positive predictive value (PPV). If the test is positive, this tells us how likely it is that the disease will be present. The percentage of people with a negative test who do not have the disease is known as the negative predictive value (NPV). If the sensitivity and specificity are kept same, increasing the prior probability will increase the PPV but lower the NPV. As will be addressed in screening, changes in the prevalence of a disorder cause similar modifications in the predictive values [22].

The pretest probability represents a significant distinction between evaluating screening and diagnostic tests since validity is assessed using sensitivity and specificity and predictive power using PPV and NPV. By definition, screening includes more people who are healthy, who are often discovered through a predetermined population sample. By increasing the likelihood of disease, diagnostic tests are intended to improve clinical diagnosis, and by definition, the pretest probability would be high. The prior probability is substantially lower for screening, and as a result, the PPV will be lower. Therefore, prevalence or the likelihood of sickness in the past must also be carefully taken into account while screening. These analytical techniques are currently accessible on numerous statistical software packages.
In conjunction with bioinformatics and biostatistics, recent developments in multiple 'omics (multi-omics) approaches, such as genomics, transcriptomics, proteomics, metabolomics, cytometry and imaging, have sped up the identification and development of specific biomarkers for complex chronic diseases. Even though there are still many obstacles to overcome, current work on the identification and development of disease-related biomarkers will help us make the best decisions possible while developing new drugs and further our understanding of how diseases work.
VIII. Advantages and Disadvantages of Biomarkers
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Figure2: Advantages and Disadvantages of Biomarkers

IX. Biomarker in Drug Development

Recent attempts have been made to standardize biomarker nomenclature, evaluation, and validation in order to enhance biomarker discovery and incorporation into medication development as a result of increased use of biomarkers. Clinical trials, medication assessment, and patient care in the future are all expected to be significantly impacted by these developments. Biomarkers make it possible to categorize patient groups, quantify the degree to which new medications hit their intended targets, change hypothesized pathophysiological pathways, and produce therapeutic results. Throughout the entire drug discovery and development process, biomarkers are helpful. Biomarkers have a history of showing up in drug development programs as opportunists, taking advantage of extra samples and budgetary leftovers, which frequently leads to data that is insufficient or incomplete. However, they are now becoming more and more integrated into all stages of the development process, ranging from:
· Target discovery

· Evaluation of drug activity

· Understanding mechanisms of action

· Toxicity and safety evaluation

· Internal decision making

· Clinical study design

· Diagnostic tools

· Understanding disease processes

Biomarker studies will eventually become an integral part of the drug development process. The creation of less expensive, more potent medications is the ultimate goal. The future for biomarkers is bright, despite the fact that we are still in the early phases and there are numerous problems to be overcome. A more complicated example of biomarker creation is the clinical development of gefitinib, an oral EGFR TKI (epidermal growth factor receptor tyrosine kinase inhibitor). The development of biomarkers during the course of sizable randomized studies may end up being more common than not. Although initial possible biomarkers are assessed at an early stage of development, knowledge grows exponentially as research and clinical experience spread and as more clinical data are made available to correlate the translational effort.

X. Measurement Errors
Inaccurate biomarker measurement would logically result in lost validity of the relationship to the disease. Other than those that happen in the lab, there are many different kinds of measurement errors. The measurement of the biomarker may be impacted by issues with the collection apparatus or with the transit of specimens to the laboratory. Biomarker measurement can potentially be impacted by improper sample storage or modifications to the storage environment. Since technicians handle the majority of specimens, proper training for new employees is crucial. Last but not least, receipt and control errors can always be a cause of error, like when identifying numbers are manually typed. Many of these problems can be resolved with the help of a well-organized procedure manual that outlines the specifics for paperwork, storage, specimen monitoring, and record keeping. To minimize measurement mistakes, the majority of laboratories and large-scale studies implement a quality assurance and quality-control procedure [23].

XI. Bias

Any study, even one using biomarkers, is biased. The consequences on the study are less severe yet favor the null hypothesis of no association when biases take place without respect to the outcome, a phenomenon known as nondifferential bias. A problem occurs when the biomarker's accessibility varies depending on the exposure or the condition, or when the methods used to collect, store, measure, or ascertain specimens vary depending on whether the subject has the target disease or not. Differential biases have a tendency to favor associations in either way, even if this may not accurately reflect the connection between the disease and the biomarker. All cases and controls should maintain a high response rate, and the researchers should have an impartial review board examine and oversee the conduct of the study, looking out for any potential biases in subject involvement or specimen collection.
XII. Confindings
The failure to recognize factors that could affect the measurement of the biomarker is the most significant source of confounding. These can be either internal like the subject's weight or external like the batch of laboratory supplies utilized. The selection and interpretation of biomarkers' inclusion in every inquiry should be influenced by their unique qualities. Before beginning the inquiry, it is important to look at the effects of any relevant confounders, including age, gender, nutrition, and other metabolic parameters. The biomarker must be biologically stable if it is to be kept for any period of time. When used in research, banked serum or plasma is extremely valuable as long as it doesn't impair the biomarker's pharmacologic characteristics. Because they are light-sensitive, certain nutrients, including vitamins, do not keep well, for instance. All tissues, including lymphocytes and extracted DNA, can be expensive to store, and if storage is required for extended periods of time, the stability of the biomarker studies must be assessed. These are frequently missed in the analysis and have a significant impact on the result. When planning the study, one should consider information on potential confounders and gather pertinent internal and external data that could influence the measurement. The examination of the relationship between the biomarker and the desired outcome can take into account this information.

XIII. Cost

The scientific topic and the available funding should be the deciding factors for selecting a biomarker for research. Cost is a constant worry. This would be significant in a modest clinical trial, but if an epidemiologic study involves thousands of participants, the expense could be significant unless the laboratory process is automated and straightforward. In some studies, higher sample sizes can actually reduce the cost per individual. This typically suggests that the biomarker is accessible and that including it in the study is doable. For instance, computerized processes have made it possible to include lipid profiles in clinical studies of stroke. The appropriate amount of blood can now be obtained with a "finger-stick" thanks to advances in technique. Researchers should be aware of the biomarker's false-positive or false-negative profile depending on the sort of investigation they are conducting. No matter if it is a biomarker of exposure, susceptibility, or disease, "false positives" generate additional work, as should be expected. "False negatives" do nothing more than drive up the cost of the investigation. The level of tolerance for this issue relies on the available money.
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