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Biomarkers  possess  significant Dr. Suchitra S. Mishra
scientific  and  clinical  importance, (M. Pharm, Ph.D.)

garnering substantial interest within the
medical profession. They find utility
throughout the course of an illness. These
indicators can serve for pre-diagnostic
screening and risk assessment. Upon
diagnosis, they have the capacity to predict
the extent, magnitude, and choice of initial
therapeutic  interventions  based on
symptomatic manifestations. Furthermore,
during treatment, they enable monitoring,
therapy selection, The assessment of
disease  recurrence  status.  Recent
advancements in genomics, proteomics,
and molecular pathology have yielded a
multitude of biomarkers in the therapeutic
domain. In the foreseeable future,
technologically enhanced biomarkers will
be integrated into medical practice to tailor
treatments and prevent diseases in a
personalized manner. The utilization and
recognition of biomarkers in the medical
field exert substantial influence on the
landscape of clinical practice. This section
provides an exploration of the origins,
definitions, classifications, properties, and
identification methods of biomarkers.
Additionally, it delves into the pivotal role
of biomarkers in the diagnosis and
therapeutic management of diverse medical
conditions, as reviewed over the preceding
decade.
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I. INTRODUCTION

Currently, biomarkers have secured great importance in the medical and
pharmaceutical fields, determining drug action mechanisms, examining early performance
indicators of toxicity and development, and identifying patients who will respond to
treatment. In addition, many tools capable of determining this complexity have emerged
throughout add, after science and the use of such information in specific medicine is
increasing [1]. Biomarkers are currently used in personal drug or therapy treatment and to
evaluate the safety of drugs. [2,3]. Chapter of the National Academy of Sciences Report
(USA NRC, 1989b) uses the term "biomarker" broadly to include virtually any measure that
indicates that it may be biological and potentially hazardous, chemical or toxic. The
measured responses can be functional, physical, biochemical or molecular interactions at the
cellular level. [4] Biomarkers produced by diseased organs (such as tumors) or by the body
in response to disease. Biomarkers can be used throughout the disease process. The markers
can be used for screening and risk biomarkers are prior to diagnosis. Once diagnosed,
symptoms can determine the level, degree, and choice of initial treatment. They can then be
used to monitor treatment, select additional treatments, or monitor disease recurrence [5].
Therefore, identification of biomarkers includes all diagnostic tests, imaging procedures, and
other objective measurements of the patient. Biomarkers can also change clinical endpoints,
reducing the time and cost of Phase I and Il clinical trials. Biomarkers cover a wide
spectrum of human health and have been used since the dawn of understanding of human
anatomy, add physiology and pathological conditions. So why are biomarkers getting so
much attention today ? Genetics, genomics, proteomics, modern imaging techniques and
other high-throughput after techniques permit to analyze a greater number of markers than
ever before. In addition, we gain a better understanding of the disease, the goals of
intervention, and the impact of pharmacological agents. [6]

Il. HISTORY OF BIOMARKERS

The term "biomarker™" was first used in 1973 by Rho et al. With or without special
biological properties. However, the term is older, being used by Mundcourt in 1949 for
"biochemical marker" and Porter in 1957 for "biomarker". The term "surrogate™ has been
used as alternative word for biomarker since 1980s. The concept of “representative” means
“without an doubt” [7,8,9]. Representative biomarkers endpoints or surrogate markers are
defined as biomarkers of disease progression [10]. Studies have shown that the importance
of using a "biomarker" increases over other concepts [11]. Biomarkers were defined by the
National Institutes of Health Biomarker in 2000, biomarkers are indicators of biological
processes and pathogenic organisms or reactions of drugs that are frequently measured. It is
widely accepted as the universal definition of pharmacological biomarkers [12]. Also, as the
US Food and Drug Administration (FDA) states, a biomarker, is a measurable indicator that
can play a role throughout disease; treatment; disease, diagnosis and provision of care; or
disease progression [13]. Thus, biomarkers are the specific substances associated with normal
biological processes, pathogenic processes, or biological responses to external influences or
chemicals or drugs, but do not include drugs or their metabolites present in the body tissue
[6,14]. The concept of using biomarkers to diagnose disease and modify therapy dates back to
the early days of medicine. The use of urethroscopy - examining a patient's urine for signs of
infection - dates back to the 14th century or earlier, when doctors routinely examined
patients' urine for colour and deposits [15]. In the 1960s, researchers observed that some
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patients with chronic myeloid leukemia (CML), a type of leukemia in which adult myeloid
cells multiply in the bone marrow, had a cancer-related genetic mutation, a short version of
chromosome 22. It is called the Philadelphia chromosome, which is due to mutation between
chromosomes 9 and 22. Researchers used this chromosome as a biomarker in patients shows
benefit from drugs (tyrosine kinase inhibitor) that target abnormal proteins [16]. In the late
1980s, researchers found that HIV could be used as a marker of infection and subsequently to
measure the effectiveness of antiretroviral therapy. Viral load indicates that patients receiving
the combination therapy have a lower viral load than those receiving immunosuppressive
therapy, thus again having a positive effect in slowing the disease. Finally, viral load
biomarkers are used to design and evaluate highly active antiretroviral drugs (HAART),
which are among the many drugs used by many people living with HIV today. Perhaps the
most famous biomarker in recent drug development history is the discovery of the HER-2
gene and its receptor in the mid-1980s. The HER-2 receptor is overexpressed on cancer cells
in 20-30% of cancer patients. Anticancer drug trastuzumab (Heretic) was prepared to target
the HER-2 receptor in overexpressing patients and has been successful in reducing the risk of
breast cancer in many women [5]. People with diabetes can check their blood sugar levels
with a glycated hemoglobin (HbAZ1c) test, which shows blood sugar levels over the past some
weeks. Liver function tests (LFT) to evaluate liver toxicity and prostate specific antigen (PSA)
to assess cancer and disease risk. These historical biomarkers have been used as part of
clinical practice from decades. [17,18]

I11.CHARACTERISTICS OF AN IDEAL BIOMARKER [4, 6, 19]

An ideal biomarker should be accurate, reproducible and superior

Easy to sample

Should be safe and easy to measure.

Clinical trials should be cost-effective and a good treatment should be found to update

biomarkers.

5. Biomarkers should provide evidence supporting a reasonable basis for their use. Evidence
indicates that some measure or change occurs in a physiological or pathological process
within a short period of time. [

6. Reliable, capable analysis for measuring biomarkers. Changes in biomarkers should be
detected with accuracy, precision, robustness, and reproducibility; [

7. Energy efficiency means no interference or adverse effects to avoid inconvenience or
inconvenience to healthy people or ill. []

8. Simplicity means easy to use and low cost of equipment. The simplicity makes it widely

accepted in medicine and medicine.

N =

IV.CLASSIFICATION OF BIOMARKERS
Biomarkers have been classified on the basis of different parameters, as follows

1. Based on genetic biology: Type 0 - Natural history markers, Type 1 - Drug activity
markers, Type 2 - Surrogate markers.

2. Based on characteristics: Imaging biomarker, Cellular biomarker, Molecular biomarker
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3. Based on Clinical applications:, Diagnostic biomarker, Prognostic biomarker,
Therapeutic biomarker [15,19]

4. Based on genetic biology (Genetic Biomarker):[15,20,21,22] Biomarkers with
biophysical properties that allow measurement in pathological samples (such as plasma,
serum, cerebrospinal fluid, bronchoalveolar dissection and tissues), nucleic acid-based
biomarkers such as gene changes or polymorphisms, and many gene expression
molecules. Over the years, genetic (DNA mutations, DNA single nucleotide
polymorphisms, karyotype) changes have been wused as diagnostic biomarkers. The
MarkerDB database contains 26374 genetic biomarkers and 154 karyotype biomarkers.
DNA biomarkers are the largest collection of biomarkers associated with more than 319
diseases. Genetic biomarkers can be measured in the DNA of all nucleated cells extracted
from biological samples, specially cancer cells, because cancerous cells are capable of
altering the change.

e (Type 0) - Natural history markers: A disease's natural history marker that
longitudinally corresponds with recognised clinical parameters.

e (Type 1) - Drug activity markers: A marker that accurately reflects the impact of a
therapeutic intervention based on how it works.

e Type 2) - Surrogate markers: A surrogate end point is a marker created to act as a
stand-in for a clinical end point. It is believed to forecast whether there will be clinical
benefit or not based on epidemiology, therapeutics, pathophysiology, or other
scientific information.

V. BASED ON CHARACTERISTICS

1. Imaging Biomarkers:[23]: Biomarkers are indicators that measure biological processes
in the body, pathological processes, or the body's response to treatment. Imaging-based
biomarkers use various techniques to capture images of anatomical and physiological
changes in the body. They are generally non-invasive and  produce intuitive,
multidimensional results. They can produce good and valuable information and are
generally good for patients.

2. X-Ray: X -ray technology has been in use for over 100 years and almost in biomedicine
to identify markers.

R

X-ray generator- X .

Chject

X-ray
detector-

Figure 1: X-ray Machine
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3. Computed Tomography (CT): Also known as computed axial tomography. The 2D
image is then converted to a 3D image. Introduced in the 1970s, CT expanded its use.

Figure 2: CT Scanner

4. Magnetic Resonance Imaging (MRI): MRI can distinguish soft tissues better than
tomography.The first MR image was released in 1973. Additionally, optical imaging is
often used more and more in drug discovery and preclinical evaluations, and in human
clinical applications such as treating CT scans.

Open MRI
Machine

Figure 3: MRI Scanner

5. Positron Emission Tomography (PET): It provides 3D images of the region of interest.
The first PET machine was introduced in the early 1970s.

Figure 4: PET Scanner

6. Cellular Biomarkers: Biomarkers that can be measured biologically are known as
cellular biomarkers, and they may be employed in both clinical and laboratory
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investigations. Blood, bodily fluids, or soft tissue cellular biomarkers are frequently
examined and assessed for prognosis or likelihood of responding to a particular treatment.
With the use of these biomarkers, it is possible to separate, group, count, and characterise
cells according to their morphological and physiological characteristics. [24, 25].

Molecular Biomarkers [26,27,28,29]: Molecular biomarkers are indicators based on
proteomic and genomic methods. They are important for diagnosis and have applications
in epidemiological screening, randomized clinical trials, disease prevention, surveillance
and control. Molecular biomarkers are characterized by their biophysical properties,
which can be quantified in biological samples, including plasma, plasma-like fluid
(Cervical), broncho-vascular lavage fluid (BVL), and biopsy samples. These biomarkers
contain molecules ranging in size from small molecules (peptides) to large molecules
(proteins), such as proteins and lipid metabolites, as well as nucleic acids such as DNA
and RNA, among others. There are three main types of molecular biomarkers: chemical,
lipid, and protein.

Chemical biomarkers: Chemical biomarkers contain information about birth through
metabolic or genetic diseases such as cancer, disability and metabolic diseases, infectious
diseases, nutritional foods, drugs, chemicals, and pollution. In total, 1089 drug
biomarkers were associated with 448 diseases and 106 outcomes in the Molecular
Biomarkers Online Database (MarkerDB). Many  biomarkers can be measured
quantitatively and accurately with efficacy and safety [30,32].

Protein biomarkers: Protein biomarkers are useful for identifying many biological
changes. They can be used as indicators of changes in inflammation, immunity and stress
or other diseases such as cancer, diabetes, heart disease, neurological disease and other
conditions. The MarkerDB database represents 142 protein biomarkers covering more
than 160 diseases [30,31,33]

Based on Clinical Applications: Disease-related biomarkers may indicate whether the
disease is already present, whether there is a threat of disease, or how the disease arose in
a patient.

Diagnostic biomarker: It serve as a way to identify a disease. ( For example, cardiac
troponin myocardial infarction). These biomarkers are used to identify diseases such as
use of cardiac troponin for diagnosis of myocardial damage, 3-hydroxy fatty acid profile
for Planctomyces, glycans as cancer biomarkers, visceral fat and change metabolism
Glutamate, catechin challenge, mortality in patients with heart disease, cystatin-C for
glomerular filtration, liver-type fatty acid-binding protein (L-FABP) as a diagnostic
biomarker to predict kidney damage.[31, 34, 35, 36, 37].

Prognostic Biomarker: Prognostic biomarkers are associated with results like,
overexpression of Her-2 in breast cancer or EGFR in cancer indicates a poor prognosis.
Such markers are often the basis for designing clinical trials to include or identify
patients. Prognostic biomarkers provide information about the disease by screening and
monitoring the disease and measuring the increase or decrease in the internal precursors
that the disease may reach. For example, blood pressure and cholesterol (for heart
disease), N-acetyl-beta-D-glucosaminidase (for heart failure and kidney failure), D-serine
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(for ketamine for antidepressants), and osteocalcin (for bone and healthy bone metastases).
have been used as prognostic biomarkers [31,38,39,40,41].

13. Therapeutic Biomarker: These are useful in the treatment of illness and show
importance in monitoring the response and treatment of stress or illness. Clinical
biomarkers are proteins such as miRNAs and exosomes that can be used for therapy.
Takamura et al. using malondialdehyde-modified LDL. As a good indicator of clinical
outcome in patients after endovascular intervention for peripheral arterial disease.
Clinical studies of D-serine demonstrate its effectiveness as a clinical biomarker in
patients with schizophrenia and depression. As a tumor biomarker, Cal5-3 can be used to
monitor breast cancer therapy. [39, 42-48]

VI.APPLICATIONS OF BIOMARKER

Biomarkers have found extensive applications in the field of medicine, primarily in
disease diagnosis and treatment, with significant expansion in recent years. These biomarkers
encompass various types, including physical, physiological, and histological markers. Among
these, biochemical biomarkers hold particular relevance in early clinical research, as they are
derived from bodily fluids and prove suitable for early-stage investigations. Molecular
biomarkers related to safety have been integral to both preclinical and clinical research efforts
for an extended period [51].

Accurate disease diagnosis assumes paramount importance, especially in chronic
conditions necessitating long-term drug therapies, often fraught with serious side effects. In
such scenarios, biomarkers have gained prominence by confirming intricate diagnoses and
rendering them feasible. Many diseases, such as Alzheimer's disease or rheumatoid arthritis,
frequently commence asymptomatically in their early stages. Biomarkers prove instrumental
in identifying individuals at high risk in a timely and dependable manner, enabling prompt
treatment either before or after the onset of symptoms. These biomarkers may entail samples
like blood drawn by a healthcare professional, urine or saliva specimens, or even small blood
drops obtained from a patient's fingertip to facilitate frequent blood sugar monitoring [49, 50]

1. Covid-19 [51 - 63]: The emergence of the novel coronavirus (SARS-CoV-2 or COVID-
19) originated in Wuhan, China, in December 2019. Regrettably, this newfound virus has
afflicted and caused fatalities in excess of one million individuals globally. In a study
conducted by Pu et al., advanced deep learning techniques in conjunction with high-
resolution tomography were employed as biomarkers to investigate factors unrelated to
COVID-19. The findings indicate that certain biomarkers in the scan may exhibit no
significant differences between individuals with COVID-19 and those suffering from
community-acquired pneumonia. Nonetheless, the imaging process may distinguish a
small subset of COVID-19 patients due to the presence of distinctive image features
compared to non-COVID-19 cases.

Biomarkers indicative of myocardial damage or heart-related conditions,
specifically cTnl (cardiac troponin 1), cardiac troponin T (cTnT), and D-dimer, have
demonstrated their utility in predicting, diagnosing, and managing COVID-19 cases.
Moreover, elevated levels of serum amyloid A, C-reactive protein, urea, creatinine
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(biomarkers associated with kidney function), ferritin, and lactate dehydrogenase have
been employed as diagnostic biomarkers for COVID-19.

Cardiac troponin
CK-MB, Myoglobin

Pentraxin-3 HEART

NT-proBNP
MR-proANP

COVID-19

Copeptin sST2
MR-proADM Galectin-3
Endothelin-1 GDF-15

Figure 5: Biomarkers of COVID-19

2. Cancer [10, 64 -77]: Cancer stands as the primary global cause of mortality,
characterized by its invasive nature when it spreads to other organs within the body.
Cancer biomarkers hold significant relevance in advancing our comprehension of cancer
processes within clinical contexts. Their utility extends to enhancing diagnostic
capabilities and minimizing the occurrence of severe adverse effects associated with
cancer treatments. These biomarkers are specifically crafted to evaluate cancer
susceptibility, investigate tumor interactions, and impact the vitality of both tumors and
cells. Notably, various biological components, including proteins, metabolites, nucleic
acids, and extracellular vesicles, can be detected within urine, a crucial component of
biopsy fluid.
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Figure 6: Cancer Biomarkers
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3. Disorders of Skeletal Muscles and Bone [78 - 84]: Skeletal muscles are susceptible to
perturbations over the course of aging, which can be attributed to factors such as physical
exercise, contractures, injuries, immune deficiencies, or muscular atrophy. Various
diagnostic modalities, including magnetic resonance imaging (MRI) and proton magnetic
resonance spectroscopy, have been employed to assess GNE myopathy, a rare form of
skeletal muscle dystrophy. Furthermore, MRI and biomarkers serve as essential tools for
detecting alterations in adipose and fibrous tissues. The quantification of pyridinoline,
deoxypyridinoline, and osteocalcin has been employed to predict prospective bone
diseases based on clinical outcomes.

One well-established biomarker, plasma interleukin-6, has found utility in
inflammation assessment and holds potential for predicting chronic changes associated
with growth retardation, joint pain, and hip dysplasia. Fourier-transform infrared
spectroscopy has been explored as a biomarker for primary mitochondrial myopathy and
other mitochondrial disorders. This technology offers a swift, non-invasive, non-
destructive, sensitive, and specific biomarker assessment, requiring minimal sample
volumes. Amino acids such as cysteine, methionine, taurine, and glutathione, integral
constituents of skeletal muscle, can be employed for both therapeutic purposes and the
identification of skeletal muscle dystrophy.

Research objectives seek to leverage MRI technology for the evaluation of
osteoarthritis and to assess cartilage and its response to osteoarthritis treatments. In this
context, MRI has exhibited promise in the diagnosis of soft tissue inflammation and
cartilage damage in rheumatoid arthritis. If MRI is established as a reproducible
biomarker, it could contribute to the identification of new treatment potentials,
determination of appropriate dosages, and stratification of patients based on their risk
profiles through early assessments.
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Figure 7: Biomarkers of arthritis
4. Heart failure [23, 85 - 99]: Novel strategies are imperative for the assessment and

treatment of heart disease to foster the development of innovative therapeutic approaches.
Intravenous ultrasound (IVUS), magnetic resonance imaging (MRI), or multislice
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computed tomography (CT) can be harnessed to evaluate key central parameters of
cardiac function, thereby enabling the monitoring of atherosclerosis progression and the
prevention of heart failure. The refinement of these methodologies to track disease
progression necessitates a comprehensive evaluation of the current understanding of
measurement techniques, standardized metrics, and suitable testing to gauge their
association with treatment responses.

Heart failure (HF) is a complex condition exhibiting various phenotypes driven by
multiple pathophysiological mechanisms originating from both cardiac and extracardiac
sources. Rapid "diagnosis" of heart failure can be crucial in emergency settings,
necessitating specialized testing in the emergency department. Image-based biomarkers
provide valuable insights into cardiac function and aberrations but may not identify
subclinical or incipient stages of heart failure. Protein biomarkers, currently employed to
predict heart failure prognosis, are released from the heart and reflect tissue-specific
damage or other neural responses associated with heart failure. For instance,
measurements of brain natriuretic peptide (BNP), BNP N-terminal prohormone, and
cardiac troponin are recommended by both the American Heart Association and the
European Society of Cardiology for heart disease management and diagnosis due to their
well-established efficacy.

Exploration of additional diagnostic biomarkers, such as those related to oxidative
stress (e.g., growth factor-15), cardiovascular function (e.g., galectin-3), and
inflammation (e.g., soluble ST2 receptor), may enhance heart disease treatment strategies.
Recent advancements in genetic analysis have opened new avenues for investigating the
pathophysiology of cardiovascular diseases and the development of gene-based
biomarkers. A pioneering approach involves the identification of DNA/RNA-based
biomarkers utilizing omics technology capable of genome-wide (GW) and transcriptome-
wide (TW) genetic variant detection. Omics analyses offer insights into the molecular
mechanisms underpinning the disease and facilitate the identification of genes that could
aid in patient stratification for heart failure.

The emergence of new heart failure biomarkers holds promise for their
widespread adoption, ultimately improving disease identification, treatment, and overall
patient care. Interest in multifaceted methodologies stems from their potential to surpass
individual biomarkers by enhancing risk stratification accuracy and refining
cardiovascular disease diagnostics.

5. Chronic Obstructive Pulmonary Diseases [15]: High-resolution computed tomography
(HRCT) of the thorax has potential utility in the assessment of diseases, notably chronic
obstructive pulmonary disease (COPD), wherein emphysema constitutes a significant
component, particularly in cases linked to complications arising from alpha-1 antitrypsin
deficiency. Though existing data suggest that HRCT can offer a dependable evaluation of
pulmonary structures, this reliability applies to a subset of patients, rendering it
insufficient for distinguishing between diagnoses such as pneumonia or fatal conditions in
a timely manner, thus introducing uncertainty.

6. Neurocognitive Diseases: [100, 101]: Presently, the management of chronic neurological

disorders such as Parkinson's and Alzheimer's relies on assessing recent symptomatic
changes, a process that may necessitate several years of continuous observation. Utilizing
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functional imaging techniques such as FDG-PET to gauge glucose metabolism offers a
potential avenue for the quantification of subtle early-stage disease alterations. Exploring
innovative methodologies for assessing and responding to measurements related to
neurocognitive diseases and depression could pave the way for novel approaches to
treatment monitoring. For instance, the concurrent assessment of amyloid content through
PET scans in conjunction with MRI measurements may represent the most effective
means of elucidating the impact of Alzheimer's disease treatments. The utilization of
markers capable of providing early disease insights holds the potential to enhance the
efficacy of preventive interventions.
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Figure 8: Biomarkers of Alzheimer's Disease

7. Kidney Disease [102 - 106]: The kidney serves the crucial role of blood filtration, urine
production, toxin removal, and regulation of fluid volumes within the body. Successful
utilization of microalbumin, N-acetyl-pB-glucosaminidase, fatty acid-binding protein, and
cysteine-rich protein as biomarkers has been documented in the context of kidney disease.
Hepcidin-25, an iron-binding protein linked to acute kidney injury, presents a potential
novel kidney biomarker, applicable in both blood and urine assessments for diagnosing
renal dysfunction post-cardiac surgery. A recent development involves the FDA's
approval of a panel comprising 6 established biomarkers for preclinical acute kidney
injury detection. This panel incorporates clusterin, urinary creatinine, cystatin C, kidney
injury molecule 1, N-acetyl-pB-D-glucosaminidase, intermediate granulocyte gelatinase-
associated lipocalin, and osteopontin. These biomarkers have been validated for
diagnosing induced kidney pathology. Additionally, D-serine levels in blood and urine
are commonly employed as dual biomarkers for assessing kidney function and disease
status.
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8. Liver disease [107 - 112]: The liver stands as a vital organ within the human body,
undertaking a multitude of critical functions. These include the digestion of food, the
distribution and conversion of nutrients into energy, as well as the pivotal role in filtering
and detoxifying the bloodstream. It actively aids in removing toxins from the blood,
thereby contributing significantly to overall health. Within the realm of liver health, a
spectrum of diseases exists, encompassing conditions such as hepatitis, liver cancer,
cirrhosis, hemochromatosis, Wilson's disease, fascioliasis, liver failure, and autoimmune
disorders. Diverse factors and conditions, ranging from diseases and medications to
alcohol consumption and exposure to toxins, can precipitate liver diseases.

The manifestations of hepatitis can vary in accordance with the timing and
severity of infection, often presenting symptoms that can be easily mistaken for other
medical conditions. Common indications include jaundice (characterized by yellowing of
the skin and sclera), dark-colored urine, abdominal and leg swelling, increased
susceptibility to bruising, and vomiting. Accurate diagnosis of liver diseases can be
challenging, but biomarkers have emerged as valuable tools to aid in both diagnosis and
disease monitoring.

Liver damage can be corroborated through various liver function tests, which
assess parameters such as albumin, alanine aminotransferase, lactate dehydrogenase,
aspartate aminotransferase, alkaline phosphatase, and gamma-glutamyltransferase.
Among these, alanine aminotransferase stands out as a surrogate biomarker with high
specificity for liver diseases, and it can be readily detected in blood samples. Moreover,
biomarkers like hyaluronic acid, bilirubin, cytokines, laminin, and fibroblast growth
factors have been identified as valuable indicators for assessing liver health and function.
These biomarkers aid in refining our understanding of liver diseases, their progression,
and the efficacy of treatments, ultimately contributing to better patient care in the realm
of hepatic disorders.

9. Gastrointestinal Disorders [113 - 121]: Gastrointestinal disorders encompass maladies
affecting the entirety of the human digestive system, spanning from the oral cavity to the
rectum. In the realm of non-invasive diagnostics, metabolic intermediates serve as
valuable biomarkers for intestinal disease detection. Organic compounds like acetone,
ammonia, ethanol, indole, carbon disulfide, 2,3-butanedione, and acetic acid have
emerged as potential biomarkers. These low-molecular-weight compounds are generated
within the digestive tract, traverse the bloodstream, reach the pulmonary system, and
manifest in the respiratory tract. They are subsequently subjected to analysis via Gas
Chromatography-Mass Spectrometry (GC-MS) techniques. In the context of non-invasive
biomarkers, calprotectin is employed for the evaluation and management of active
inflammatory bowel disease (IBD) and other gastrointestinal disorders. Lactoferrin serves
as a laboratory biomarker for the diagnosis of Clostridium difficile infections.
Additionally, electronic noses employing microRNA, surface acoustic waves, carbon
black polymer composites, and metal oxide semiconductors have been employed for the
identification of intestinal diseases. Fatty acid-binding proteins have undergone
assessment as diagnostic biomarkers for inflammatory bowel disease. Urine
metabolomics, encompassing tricarboxylic acids and amino acids, display distinct profiles
in IBD patients compared to healthy individuals, offering potential as non-invasive
biomarkers for gastrointestinal diseases.
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Nevertheless, the majority of the candidate biomarkers under current investigation
have not yet undergone validation and approval for real-world clinical applications in the
screening or diagnosis of specific gastrointestinal disorders. The outlook for biomarkers
remains uncertain. While some studies have reported favorable outcomes with different
biomarkers, the heterogeneity of findings raises questions. Consequently, substantial
research efforts and clinical trials, employing methodologies developed by multicenter
consortia, are warranted to elucidate the potential and limitations of these biomarkers
fully.

Specific Organ Biomarkers Tests [51]

Liver Function: Transaminases , bilirubin, alkaline phosphates.
Kidney Function Serumcreatinine, creatinine clearence, cystatinC.
Skeletal Muscle Marker: Myoglobin.

Cardiac Muscle Injury: CK-MB, teroponinl (or) T.

Bone markers: Bone specific alkaline phosphates.

VII. BIOMARKER AS AN EMERGING TOOL [122 - 125]
Throughout the entire process of developing new drugs, biomarkers are helpful.

Biomarkers have historically been used in drug development projects as a time taking method
that uses residual samples and funds, frequently producing partial or insufficient data.

Diagnostic Therapeutics Drug Delivery
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Heart
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Figure 9: Biomarkers in Drug Research
Nevertheless, they are now being incorporated into every level of drug discovery, from:

Target drug delivery

Monitoring of drug efficacy
Studying mode of action
Toxicological studies

Internal decision making

Protocol designing for clinical study
Diagnosis of disease

Studying menifestation of disease
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Research focused on biomarkers is poised to assume a pivotal role in the evolution of
novel therapeutics. Over time, biomarker research is anticipated to become an indispensable
component of the drug development process. The ultimate objective is to enhance therapeutic
efficacy while reducing costs. Although we are in the early stages of this endeavor, the
potential of biomarkers shines brightly. The clinical development of gefitinib, an orally
administered epidermal growth factor receptor tyrosine kinase inhibitor (EGFR TKI), serves
as a challenging exemplar of biomarker development. Within the context of extensive
randomized trials, alterations in biomarkers are expected to become commonplace rather than
rare. While the initial candidate biomarker undergoes early evaluation during the
developmental phase, knowledge accumulates exponentially as research findings and clinical
insights are widely disseminated and integrated into clinical practice. The translational aspect
of this work intensifies.

Biomarkers capable of identifying prodromal manifestations can facilitate early
disease diagnosis or enable the prediction of outcomes of interest during the initial stages of
the ailment. These biomarkers serve as indicators for subclinical symptoms, disease
progression stages, or surrogate endpoints for diseases. Biomarkers employed for screening
or diagnosis often correlate with disease outcomes. They contribute to the identification of
individuals requiring intervention, especially those in the early disease stages. Biomarkers
have the potential to reduce disease heterogeneity in clinical trials and epidemiological
studies and can influence the course of the disease, encompassing stages such as induction,
incubation, and detection. The advantages of utilizing biomarkers, despite the challenges
associated with obtaining patient tissue samples, outweigh the inherent difficulties.

In both research and clinical practice, diagnostic tests for diseases are increasingly
prevalent. The aggregation of diagnostic data from diverse sources reporting on diagnoses
aligns with the primary objective of enhancing diagnostic accuracy. Diagnostic tests may be
performed less frequently for other purposes, such as assessing disease severity, predicting
disease onset, or monitoring treatment responses. Notably, the accurate diagnosis of severe
diseases contributes to predicting disease severity. Additionally, this diagnostic approach
reduces disease heterogeneity in clinical trials or epidemiological surveys, leading to a more
coherent understanding of the disease's natural history, including its induction, incubation,
and detection phases.

VIIl. BIOMARKER DEVELOPMENT PROCESS [19]

The process of biomarker development commences with the identification of
biomarkers in both healthy and diseased samples, and it proceeds through several iterative
stages. The imperative need for an inclusive development protocol, encompassing various
regulatory integration components, remains to ensure the efficient and evidence-based
progress of biomarker development for clinical and research purposes. This field is
experiencing rapid evolution attributed to the ongoing and swift advancements in computing,
analytics, and measurement techniques. The biomarker development process encompasses
the subsequent phases: preanalytical and analytical validation, clinical validation, regulatory
approval, and clinical verification. During the pre-evaluation phase, standardization of
biomarkers and scrutiny of qualitative procedures, storage, and collection methods are
undertaken. Analytical validation of a biomarker aims to ascertain that the analytical
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methodology is reproducible, reliable, and exhibits appropriate specificity and sensitivity
enhancements.

Biomarkers are linked to clinical and biological products based on their relevance, as
determined by the level of supporting evidence. Nevertheless, the development of biomarkers
presents certain challenges, including:

e Insufficient investigation of the scientific underpinnings of biomarkers, rendering it
challenging to identify and embrace forthcoming biomarkers. Moreover, it is
imperative to avoid misinterpreting biomarker observations and unwarranted
associations between biomarkers and diseases.

e Prolonged clinical studies and analysis contribute to an escalation in the cost
associated with biomarker development.

e The formulation and characterization of biomarkers often demand substantial time
and resources. Consequently, additional evidence for benefit-risk analysis is
frequently mandated for valid reasons, in comparison to their inclusion in the
authorization process for medicinal products.

Biomarker Development ~ Assay Development Clinical Development
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Figure 10: Biomarker Development Process
IX. CONCLUSION

Biomarkers are integral components of emerging medical tools and play a pivotal role
in the diagnosis and treatment of various clinical medical conditions. They offer numerous
advantages in investigating diverse facets of diseases, facilitating drug development, and
monitoring therapeutic outcomes. Biomarkers hold the potential to deliver heightened
sensitivity and specificity in comparison to existing measurement techniques, thereby
enhancing decision-making processes and contributing to treatment advancements. Ongoing
endeavors are dedicated to scrutinizing the characteristics of biomarkers to unearth novel
indicators that can enhance healthcare and the development of more efficacious treatments.
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Nevertheless, due to the intricate nature of mechanisms underpinning disease
pathogenesis, the identification of valuable biomarkers for monitoring drug responses,
diagnosing illnesses, and tracking disease progression, as well as comprehending disease-
associated anomalies and biochemical processes, remains a formidable challenge for
healthcare practitioners and professionals involved in biomarker analysis. The critical
distinction between potential biomarkers and dependable biomarkers, capable of guiding
significant clinical and commercial decisions on a global scale, constitutes one of the
principal hurdles in the field of biomarker research.

Biomarkers, which manifest as alterations in tissues or bodily fluids, offer a potent
avenue for comprehending chronic diseases and find utility in at least five critical domains,
including screening, diagnosis, disease monitoring, prognostication of disease occurrence,
and clinical care. Biomarkers that identify prodromal signs can lead to early diagnosis or
enable the determination of the desired outcomes in the initial stages of the disease.
Biomarkers serve as proxies for subclinical symptoms, disease stages, or surrogate disease
endpoints. It is crucial to acknowledge that biomarkers exhibit specificity either toward a
particular drug or a specific disease, necessitating meticulous consideration of development
costs. Effective biomarkers should exert a tangible influence on clinical assessments to
enhance patient care. Decisions regarding treatment based on accurate test results hold
superior value compared to those reliant on false positive or negative outcomes. Biomarkers
should contribute to cost reduction, mitigate adverse effects, and aid in mortality prevention
within a risk management context. The validity of a biomarker is established through
comparison with an ideal biomarker while assessing its inherent properties.
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