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INTRODUCTION: 
To designate a molecular alteration in a biological 
molecule that results from assault by reactive oxygen, 
nitrogen, or halide species, the term “Biomarkers” has 
been adopted from molecular epidemiology by free 
radicals [1]. The use of biomarkers in the treatment and 
diagnosis of the cardiovascular disease, cancer, immune 
system disorders, and infections is all common [2]. 
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ABSTRACT: In the pharmaceutical sector, biomarkers have become priceless tools that help with 
the creation and improvement of innovative therapeutics. This study examines the various ways that 
biomarkers are used in drug development, clinical research, and personalized medicine. Biomarkers 
are quantifiable indications of biological processes, disease states, or therapy responses that offer 
vital information about the effectiveness, safety, and patient stratification of treatments. This paper 
presents an overview of various types of biomarkers, including genetic, protein, imaging, and 
pharmacodynamic biomarkers, and discusses their applications in different stages of pharmaceutical 
research and development. Additionally, the challenges and opportunities associated with biomarker 
identification, validation, and implementation are explored. The success rate of clinical trials has 
been greatly increased because of the incorporation of biomarkers in drug development pipelines. 
Precision medicine methods have also been made easier, and the transition of effective therapies 
from the lab to the clinic has been sped up. The development of liquid biopsies and the use of 
artificial intelligence and machine learning algorithms for biomarker identification are two more 
rising trends and future possibilities in biomarker research that are discussed. Overall, this review 
highlights how crucial biomarkers are to the progress of pharmaceutical science and how they have 
the power to completely change patient care by making it possible to create more individualized and 
effective therapeutic interventions. 
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The use and development of tools and technologies, the 
detection of drug discovery and development, and the 
understanding of prediction, causes, development, 
reversion, consequence, diagnosis, and treatment of 
disease are all included under the broad term 
"Biomarkers'' [3]. Biomarkers may be helpful at many 
points along the illness cycle [4]. They can be helpful for 
the actual substance of primary prevention, which is 
illness prevention. They can also aid in secondary 
prevention through early disease interruption through 
screening, sub-acute illness identification, and additional 
disease growth monitoring [5]. Additionally, biomarkers 
are helpful for tertiary prevention and assisting in 
directing treatment to prevent illness brought on by 
stable disease [6]. Biomarkers, if these occur and have 
received sufficient validation. In biomedical research and 
development,[1-7] can be extremely important, including: 
Using them to establish the presence of an illness through 
diagnostics Stratification of illness severity and disease 
growth prediction Calculating and forecasting any 
clinical benefits or toxicities brought about by a 
medicinal intervention Keeping track of treatment 
outcomes, including target involvement when necessary, 
biomarkers can be utilized as part of a personalized 
medicine model to tailor treatment to a patient’s unique 
disease features [7]. Additionally, they can be utilized to 
better comprehend disease mechanisms and locate new 
disease targets [8]. 

 
Fig 1. Types of Biomarkers. 

Broadly speaking, biomarkers include molecular entities, 
images, or other measured activities or properties, or 
their combination as a biomarker group. They are, 
ideally, quantitatively measured indicators of biological 
or pathophysiological processes or the response to 
therapeutic intervention [9]. They consist of proteins, 
protein changes, or protein-related processes, like 
enzymes [10]. Single Nucleotide Polymorphisms (SNPs), 

Gene Copy Number Variations (CNVs), DNA insertions, 
deletions, rearrangements such as inversions and 
translocations larger than 1 kb and deletions less than 1 
kb, and mRNA, or long non-coding RNA, are examples 
of DNA-based biomarkers. Circulating DNA, for 
example, can be used to diagnose genetic diseases such 
as Down’s syndrome in unborn children [11]. 

TYPES OF BIOMARKERS: 
Based on their distinct roles and properties, biomarkers 
can be divided into many kinds: 
Diagnostic Biomarkers: 
Diagnostic biomarkers are utilized by healthcare 
professionals to determine the presence or absence of 
specific diseases or medical conditions, valuable 
indicators aid in the early detection and prompt 
intervention for patients with a particular ailment [12].  
For example, Prostate cancer is diagnosed by measuring 
prostate-specific antigen (PSA) levels in blood. Elevated 
PSA levels may suggest the presence of cancer, enabling 
early detection and prompt intervention [13]. However, it 
is important to note that other factors such as benign 
prostatic hyperplasia or inflammation can also cause 
raised PSA levels. Confirming the presence of cancer 
usually requires additional tests, such as a biopsy. While 
PSA has limitations as a diagnostic biomarker, it remains 
an invaluable tool for screening and monitoring prostate 
cancer. 

Prognostic Biomarkers: 
Prognostic biomarkers offer valuable insights into the 
probable outcome and progression of a disease in an 
individual [14]. They assist healthcare professionals in 
gauging the trajectory of the disease and anticipating the 
overall prognosis for their patients. 
Circulating tumor cells (CTCs) are an important 
prognostic biomarker in cancer patients. CTCs are cancer 
cells that have separated from the main tumor and are 
circulating in the bloodstream. They contain important 
information about the aggressiveness of the tumor, the 
likelihood of metastasis, and the patient's prognosis. 
Monitoring CTC levels over time can help guide 
treatment decisions and assess treatment response [15]. 

Predictive Biomarkers: 
Predictive biomarkers greatly influence the efficacy of 
particular medications or treatments. They enable 
medical professionals to tailor treatment programs to a 
patient's individual characteristics. Predictive biomarkers 
are often used in precision medicine to develop tailored 
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treatments and achieve better therapeutic outcomes. For 
example, HER2 status is a predictive biomarker for 
breast cancer. For HER2-positive patients, high HER2 
expression indicates a favorable response to targeted 
therapy such as trastuzumab. Similarly, identifying 
specific gene mutations, such as EGFR in lung cancer, 
can help guide the selection of tyrosine kinase inhibitors, 
ultimately improving treatment outcomes [16]. 

Monitoring Biomarkers: 
Healthcare professionals use monitoring biomarkers to 
track the progression of a disease or assess the 
effectiveness of treatment over time [18]. These 
biomarkers are essential for evaluating treatment efficacy 
and making necessary adjustments, if needed. For 
example, monitoring biomarkers help to measure kidney 
function and blood sugar levels in chronic conditions like 
diabetes, providing crucial information for holistic 
therapy [17]. 
In men with prostate cancer, prostate-specific antigen 
(PSA) is a useful biomarker for tracking the progression 
or burden of the disease. With the help of this 
personalized assessment, medical practitioners can assess 
the disease's progression and make informed decisions 
[18]. 
Healthcare professionals frequently measure symphysis 
fungal height throughout pregnancy. This procedure is a 
useful antenatal screening tool that enables the early 
identification of any fetal growth problems [20]. 

Safety Biomarkers: 
Safety biomarkers are essential in clinical trials. They are 
used to evaluate the safety and tolerability of 
experimental medications or treatments. By identifying 
potential adverse effects or toxicities associated with the 
intervention, they help to safeguard the well-being of 
study participants. Additionally, safety biomarkers aid in 
evaluating the risk-benefit ratio of specific therapies [21]. 
Monitoring serum potassium levels can be a useful safety 
indicator when evaluating patients who are taking 
diuretics (which may lower levels), angiotensin-
converting enzyme inhibitors, angiotensin receptor 
blockers, or aldosterone antagonists (which may cause 
hyperkalemia). 

Proximity Biomarkers: 
Proximity biomarkers indicate how closely a particular 
tissue or cell type is associated with a disease or 
condition. They pinpoint specific cell populations 
involved in the disease process [20]. These biomarkers are 

crucial for understanding disease causes and developing 
personalized treatments. For example, proximity 
biomarkers in neurodegenerative disorders enable us to 
identify the specific brain regions affected by the disease. 

Imaging Biomarkers: 
Imaging biomarkers play a crucial role in using various 
imaging techniques, such as MRI, PET, and CT scans. 
These techniques provide visualization and quantification 
of biological processes and structural changes within the 
body [19]. They provide useful information about how 
diseases develop, how treatments work, and how 
anatomical anomalies are formed. Imaging biomarkers 
are widely used in disciplines such as oncology, 
neurology, and cardiology and are very helpful in 
determining the risk of lung cancer. For example, the 
discovery of a straightforward lung lesion on an X-ray, 
CT scan, or MRI can lead to concerns about a neoplasm. 

MODERN ADVANCEMENT OF BIOMARKERS:  
The following key points are developed in biomarkers as 
modern advancements: 
 Molecular-based medication development has made 

recent advancements.   
 Biomarkers in drug expansion. 
 The Drug discovery industry.  
 Discovering Biomarkers Using Genomics. 
 Aptasensors for Diabetes Biomarkers Using 

Electrochemistry. 
 Immunosensors. 
 Biomarkers of Alzheimer’s Diagnosis. 
 Blood Biomarkers of Amyloid Pathology. 

Molecular-based medication development has made 
recent advancements:  
Recent developments in clinical and basic research have 
made it possible to create “personalized” treatment plans 
[20]. Drugs with minimal toxicity or high tolerance have 
historically been used to treat cancer patients, regardless 
of whether they are effective for a particular patient, if 
their advantages have been demonstrated in both 
experimental and clinical settings [21]. Which kind of 
biomarker to utilize across the diverse range of illness 
processes. Because every cancer cell exhibits some level 
of genetic damage that may not be present in healthy 
body cells, genomic studies are important in the fight 
against cancer [22]. In physiological fluids such as blood, 
urine, cerebrospinal fluid, and secretions, proteins, 
peptides, and other metabolites are plentiful and easily 
accessible. These properties make them promising for 
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evaluating outcomes and researching changes in disease 
conditions [23]. 

Biomarkers in drug expansion:  
Responding differently, being effective, and having risky 
side effects are the main obstacles in the development of 
cancer drugs. The drug industry, drug policy makers and 
administration [24]. To help with these issues, researchers 
are continually looking for pharmacogenomics and/or 
pharmacopoeia studies that could reveal useful molecular 
indicators. Colonic polyps may be the most closely 
related surrogates to colon cancer that have been 
employed as an endpoint for various clinical trials of 
calcium supplements, aspirin, and celecoxib. Biomarkers 
may be employed to improve drug discovery’s 
effectiveness and caliber [25]. The hundreds of candidates 
that are normally screened during the drug development 
process can be evaluated in vitro using biomarkers. In 
Phase II clinical trials, biomarkers can also be employed 
to assess drug toxicity and pharmacokinetics. The 
majority of Phase II and Phase III trials use reduced 
death or disease-free survival as the primary endpoint, 
and studies are often lengthy [more than 10 years] and 
large (several thousand patients). 

Drug discovery industry: 
Disease understanding: 
Usually, a disease cascade involves several steps. A 
biomarker may appear early or late in the cascade if it is 
directly connected to the pathophysiology of a disease. 
Upstream biomarkers are those that appear early in the 
pathophysiologic cascade [26]. Upstream biomarkers offer 
details on biological or physical interactions with the 
drug's molecular target. Downstream biomarkers are 
those that appear later in the pathophysiologic cascade. 
Suitable downstream biomarkers can forecast clinical 
benefits [27]. By giving more detailed knowledge about 
the mechanisms underlying therapeutic pathologies early 
in the discovery-development phase, a biomarker-based 
strategy has the potential to improve drug development 
pipeline quality. Second, it can increase process 
efficiency by complementing Techniques for discovering 
and minimizing attrition during medication development 
for unwanted compounds including genetic target 
identification and characterization.  

Discovering Biomarkers Using Genomics: 
Genetic biomarkers monitor changes in the quantity or 
makeup of DNA or RNA [28]. Examples of DNA-based 
biomarkers include copy number variation, mutations, 

and epigenetic alterations (including polymorphisms, 
somatic mutations, and other genetic variants). Long 
non-coding RNA (lncRNA), microRNA, and mRNA 
quantification are RNA expression-based biomarkers. 
Genes associated with the epithelial-mesenchymal 
transition, such as Zinc Finger E-box binding homeobox 
2 (ZEB2), were found to have patterns of DNA 
methylation by Walter and colleagues and ERBB2, 
which can divide NSCLCs into two phenol-typically 
different subgroups of tumors with potential therapeutic 
value. 

Aptasensors for Diabetes Biomarkers Using 
Electrochemistry:  
Diabetes, commonly known as diabetes mellitus, is a 
chronic disease marked by chronically high blood sugar 
(hyperglycemia). Increased thirst, increased hunger, and 
frequent urination are some of the symptoms. However, 
untreated conditions might result in much more serious 
health issues. “Microvascular [retinopathy, nephropathy, 
neuropathy] and macrovascular [ischemic heart disease, 
stroke, peripheral vascular disease] endpoints” are the 
mabetes. Some of the symptoms include frequent 
urination, increased thirst, and increased appetite [30]. 
However, untreated conditions might result in much 
more serious health issues. “Microvascular (retinopathy, 
nephropathy, neuropathy) and macrovascular (ischemic 
heart disease, stroke, peripheral vascular disease) 
endpoints” are the main consequences of diabetes. a 
superior biomarker and the industry standard for the 
ongoing checking of glucose levels. The very stable 
glycolated protein known as HbA1c is created in serum 
during the non-enzymatic interaction between the human 
hemoglobin (Hb) chains and N-terminal valine with 
glucose [31]. The time-averaged blood glucose level 
during a two- to three-month period is represented by the 
HbA1c level (%). An eye condition known as diabetic 
retinopathy (DR) is connected to diabetes. If undetected 
and mistreated, it can cause vision loss and blindness. 
Therefore, DR can be effectively prevented from causing 
serious permanent damage by early diagnosis and 
treatment. An important tear biomarker for DR is 
vascular endothelial growth factor (VEGF), and a high 
VEGF level is closely associated with DR. Several 
analytical methods, including capillary electrophoresis, 
immunoassays, boronate affinity chromatography, 
enzymatic tests, and several types of biosensors, have 
been used to identify the HbA1c level in human blood. 
Eissa, et al. (2017) developed a label-free 



J Pharm Adv Res, 2023; 6(11): 1970-1979.                                                                                        e – ISSN: 2581-6160 (Online) 
 

 
Babita, et al.                                   ©Journal of Pharmaceutical Advanced Research 2018.                                                              1974 

 

electrochemical aptasensor array for the assessment of 
total hemoglobin (tHb) and HbA1c in human whole 
blood [32]. 

Immunosensors:  
Analytical biosensors known as “Immunosensors” use 
antibodies (Abs) to recognize antigens at the molecular 
level. These responses can be combined with effective 
physical transducers to produce highly selective chemical 
reactions [33]. Immunosensors have been extensively used 
in a variety of industries, including the assessment of 
food safety, environmental monitoring, and medical 
diagnosis, due to their distinctive selectivity, outstanding 
sensitivity, flexible applicability, and ease of handling 
[34]. They have proven particularly effective in the 
diagnosis of cancer, infections, and autoimmune, 
cardiovascular, and allergic illnesses.  
Examples, the most common application for Norfloxacin 
(NOR) is the treatment of illnesses in animals. However, 
an excessive amount of NOR that remains in animal 
products like milk may disrupt the duplication of 
mammalian cells and lessen the effectiveness of 
antibiotics. 
Zong, et al. developed a paper-based fluorescent 
immunoassay based on a QD-labeled NOR monoclonal 
antibody to detect NOR at the picogram level in milk [35]. 
Pre-immobilized NOR-BSA on paper could capture the 
QD-labeled antibodies, producing fluorescence. With 
higher NOR concentrations, the fluorescence intensity 
dropped. Additionally, this technology has the ability to 
simultaneously detect several antibiotics in various zones 
of the paper because antibodies that target various 
antibiotics can be labeled with various QDs that have 
various emission wavelengths. 

Biomarkers of Alzheimer Diagnosis: 
One of the indicators investigated in this potential COU is 
plasma total tau (T-tau) concentration. One study found 
that plasma tau was higher in the dementia stage of AD, 
even if the data were less apparent in the MCI stage of the 
disease [36]. According to a recent study by the Mayo 
Clinic Study of Aging, non-demented people who had 
greater plasma tau levels had impaired memory and less 
cortical thickness in an area that is characteristic of AD. 
There was significant overlap between eight groups in 
analyses comparing cognitive status, amyloidal, and 
neurodegenerative imaging indicators. The implication is 
that plasma tau may not be a helpful biomarker for 
diagnosing AD. Unfortunately, no clear correlation 
between plasma and CSF T-tau concentrations exists [37] 

and CSF and blood biomarkers usually have little to no 
association. In addition to the fact that almost all proteins 
have a variety of forms, the assay design may have an 
impact on the sample’s equilibrium between bound and 
free analytes. Another biomarker generating a lot of 
interest is neuron-filament light. Recently, plasma 
sphingolipid changes in people with low body dementia 
[DLB], AD, and control participants were investigated. 
The researchers found significant variations in plasma 
ceramide and monohexosylceramide between dementia 
patients (AD and DLB) and controls, suggesting that these 
biomarkers may be useful in spotting possible pathologies 
associated with AD and/or DLB. O’Bryant and colleagues 
cross-validated a serum-based algorithm employing 
several platforms, animal models, and brain tissue in order 
to identify AD from controls. They also displayed 
preliminary outcomes regarding the algorithm’s capacity 
to differentiate between PD and AD. Relative to screening 
tests, this study demonstrated higher positive and negative 
predictive values and established the locked-down referent 
population for a primary care AD blood screen. In the long 
run, it’s likely true that the most practical and beneficial 
COU for blood-based biomarkers in the “diagnostic” 
domain will be to serve as the first stage of a multi-stage 
diagnostic process, with CSF and PET amyloid and tau 
imaging serving as the final diagnostics of the presence of 
AD pathology [38]. 

Blood Biomarkers of Amyloid Pathology:  
Another COU with substantial potential to aid clinical 
trials is the discovery of blood-based biomarkers that can 
distinguish between patients with a high [or low] chance 
of becoming amyloid positive [39]. Recently, longitudinal 
plasma samples from people without dementia who had 
access to [11C] PiB PET scans were collected over a 12-
year period and examined for proteomic markers. This 
study discovered seven plasma proteins, including A2M, 
Apo-A1, and many complement proteins, to be 
substantially linked with amyloid burden [40]. There is 
still more to be done before these discoveries are 
clinically useful [41]. It is essential to fully comprehend 
how other factors, such as pre-analytical factors, affect 
illnesses, diseases, and those associated therapies on the 
levels of these blood-based biomarkers, in addition to the 
requisite cross-validation and longitudinal knowledge. 
For instance, “hallmark” AD biomarkers have been 
shown to change in response to situations like 
depression, cardiac arrest, brain injury, and 
chemotherapy and hematological treatments [42]. This 
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Table 1. List of registered patents for biomarkers in the field of pharmaceuticals. 

 

process of moving from discovery to clinic should be 
carried out as a collaboration between academics and 
industry/biotech because that is the best method to take 
advantage of the various skill sets of those inside each 
organizational structure and to appropriately take into 
consideration the long-term plan and research plans [43]. 
Artificial intelligence (AI) aids the pharmaceutical 
corporations in preventing these kinds of losses during 
the medication development process and also enhances 
pharmaceutical research and development [46]. In the next 
section, the technique for advancing biomarker discovery 
through the stages of development into clinical 
deployment is revised. 

 
 

RECENT ADVANCEMENT AND FUTURE 
PROSPECTIVE IN BIOMARKER: 
In the future, a large number of advancements will be 
investigated, and some will be patented in the area of 
different biomarkers for the purpose of pharmaceuticals 
use. The various researches available in the field of 
biomarkers which are used in pharmaceuticals are listed 
in Table 1.  

CONCLUSION: 
Biomarkers have become indispensable tools in the 
pharmaceutical industry. They play a vital role in 
developing and optimizing innovative therapies by 
serving as measurable indicators of biological processes, 
disease states, or responses to treatment. Their existence 
provides essential insights into drug effectiveness, safety 
measures, and patient categorization. 

Sl. No. Patent Number Inventor Name Publication  
Date 

References 

1 US-20230220483-A1 DUEÑAS PORTO; Marta Gloria Et Al. 2023-07-13 [43] 

2 US-20230220478-A1 Howell; Michael D. Et Al. 2023-07-13 [44] 
3 US-20230220401-A1 SIERKS; Michael Et Al. 2023-07-13 [45] 

4 US-20230221318-A1 Hess; Nicholas Et Al. 2023-07-13 [47] 
5 US-20230220485-A1 Davicioni; Elai Et Al. 2023-07-13 [48] 
6 US-20230220479-A1 Pavel; Ana Brandusa Et Al. 2023-07-13 [49] 

7 US-20230213521-A1 EL KHOURY; Victoria Et Al. 2023-07-06 [50] 

8 US-20230213536-A1 Mcquiston; Beth Et Al. 2023-07-06 [51] 

9 US-20230210455-A1 Deng; Sophie Xiaohui 2023-07-06 [52] 
10 US-11693014-B2 Singbartl; Kai Et Al. 2023-07-04 [53] 
11 US-20230204591-A1 Tlsty; Thea D. Et Al. 2023-06-29 [54] 
12 US-20230204583-A1 Shroyer; Kenneth R. Et Al. 2023-06-29 [55] 

13 US-20230204578-A1 Martin-Fernandez; Marisa Et Al. 2023-06-29 [56] 

14 US-20230204592-A1 SHROYER; Kenneth Et Al. 2023-06-29 [57] 
15 US-20230203583-A1 KHODAYARI; NAZLI Et Al. 2023-06-29 [58] 
16 US-20230200716-A1 HERNANDEZ; Guillermo Horga Et Al. 2023-06-29 [59] 
17 US-11686736-B2 Ballantyne; Christie Mitchell Et Al. 2023-06-27 [60] 
18 US-11685953-B2 Avivar Valderas; Alvaro Et Al. 2023-06-27 [61] 
19 US-11685954-B2 Liu; Xiaole Et Al. 2023-06-27 [62] 
20 US-11692030-B2 Wallach; Todd Et Al. 2023-07-04 [63] 
21 US-20230206300-A1 Lee; Ji Et Al. 2023-06-29 [64] 
22 US-11685951-B2 Meng; Hui Et Al. 2023-06-27 [65] 
23 US-11685952-B2 Choi; Jong Il 2023-06-27 [66] 
24 US-11684617-B2 Neil; Garry A. Et Al. 2023-06-27 [67] 
25 US-20230194551-A1 LEE; Choon-Hwan Et Al. 2023-06-22 [68] 
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Biomarkers play a crucial role in drug discovery, clinical 
trials, and personalized medicine. They serve multiple 
purposes such as identifying potential drug targets, 
evaluating the effectiveness of novel substances, and 
forecasting patient reactions to therapy. In clinical trials, 
biomarkers help in patient selection, disease progression 
monitoring, and therapeutic efficacy assessment. In the 
realm of personalized medicine, these biomarkers help 
identify patients who would benefit most from specific 
treatments and enable tailored therapies based on 
individual needs. 
The successful integration of biomarkers in drug 
development pipelines has yielded numerous benefits. It 
not only improves the success rate of clinical trials but 
also allows for precision medicine approaches and 
expedites the translation of promising therapeutics from 
laboratory testing to bedside application. As biomarker 
research continues to evolve, it uses her new 
opportunities that hold immense potential for enhancing 
patient care. 
The use of biomarkers is rapidly evolving in the 
pharmaceutical sector. Biomarkers are likely to be used 
in increasingly creative ways to improve patient care 
when new technologies are developed. 
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