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ABSTRACT

Clinical laboratory reports form the scientific basis upon which
medical diagnosis management of patients and hence well
equipped standard laboratory will not only continue to have
demand for newer diagnostic tests but also will make a
benchmark in near future. In this era, laboratory plays a central
role in health care and 70% of all medical decisions are based
on laboratory results. To understand and interpret cancer
markers is mind -Boggling. It is the dawn of immunotherapy
brings a new beginning. The study gives an idea of how far we
have come and where we need to go. Biochemistry,
Microbiology, and Pathology are the evidence-based medicine
subjects. cancer biomarker refers to a substance or process that
is indicative of the presence of cancer in the body. It may be a
molecule secreted by a tumor or a specific response of the body
to the presence of cancer. Cancer remains the second leading
cause of death in US, behind heart disease. Cancer markers are
substances found in the blood, urine or other body fluids, and
their levels indicate the presence of certain types of cancer,
according to the National Cancer Institute. However, there are
also non-cancerous conditions that can affect these markers;
therefore, the laboratory personnel performs additional testing,
such as biopsies, prior to making a diagnosis Tumor markers
are different from substances produced by normal cells, in
quality and quantity. Tumor markers may be used to help
diagnose cancer, predict and monitor response to treatment and
determine whether cancer has recurred after treatment.
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INTRODUCTION

The use of “biomarkers” has become a rapidly expanding field playing a central role not only

in the diagnosis of neoplasia but also in the selection of “tailored” anti-cancer therapies. (1)

Worldwide, more than 90% of esophageal cancers are squamous cell carcinoma; however, in
the US there has been a decline in the incidence of squamous cell carcinoma paralleled by a

dramatic rise in the incidence of adenocarcinoma. (2)

Biomarkers and emerging molecular detection tools hold enormous potential for improving
ED-based diagnosis, treatment, and disposition of septic patients.

Research and development in this arena, from academic medical centers, government, and

industry, has been dramatic over the past decade. (3)
Biomarkers can be specific cells, molecules, or genes, gene products, enzymes, or hormones.

Although the term biomarker is relatively new, biomarkers have been used in pre-clinical

research and clinical diagnosis for a considerable time. (4)

Biomarkers are useful in a number of ways, including measuring the progress of disease,
evaluating the most effective therapeutic regimes for a particular cancer type, and

establishing long-term susceptibility to cancer or its recurrence. (5)

The use of biomarkers in cancer medicine is for disease prognosis, which take place after an
individual has been diagnosed with cancer. Examples of such prognostic biomarkers include
elevated levels of metallopeptidase inhibitor 1 (TIMP1), a marker associated with more

aggressive forms of multiple myeloma. (6)

Much research is going into this area, since successful biomarkers have the potential of
providing significant cost reduction inpatient care, as the current image-based tests such as

CT and MRI for monitoring tumor status are highly costly. (7)

Biomarkers are also useful for diagnosis, monitoring disease progression, predicting disease
recurrence and therapeutic treatment efficacy. In years to come, a serum or urine test for
every phase of cancer may drive clinical decision making, supplementing or replacing

currently existing invasive techniques. (8)

With the emergence of genomic profiling technologies and selective molecular targeted

therapies, biomarkers play an increasingly important role in the clinical management of
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cancer patients. (9)

Cardiac marker can be useful in the early prediction or diagnosis of disease. Although they
are often discussed in the context of myocardial infarction, other conditions can lead to an

elevation in cardiac marker level. (10)
Measuring cardiac biomarkers can be a step toward making a diagnosis for a condition.

In many cases, medical societies advise doctors to make biomarker measurements an initial

testing strategy, especially for patients at low risk of cardiac death.(11,12)

Multiple sclerosis (MS) is a progressive autoimmune disorder that affects the central nervous
system (CNS). Pathologically, it is characterized by demyelination in the spinal cord and

brain as well as the presence of inflammatory lesions. (13)

The prevalence of an ideal biomarker should be low in precancerous lesions and should go up
in early cancer stages like dysplasia. The discovery and validation of biomarkers prior to
clinical use is not an easy task. The National Cancer Institute recommends five phases to

facilitate this process. (14)

Biomarkers are used to distinct a pathological condition from a physiological state and also
monitoring treatment and disease progression. There is a general inclination of clinicians as
well as pathologists’ to consider fecal biomarkers due to its non-invasive nature with likely

acceptability to the patient. (15)

Urinary biomarkers that might reflect local immunological responses by the bladder
epithelium include nerve growth factor (NGF), chemokines including IL-8/CXCL8. (16)

Antimicrobial peptides (AMPs), human a-defensin 5 (HDS5) and neutrophil gelatinase-
associated lipocalin (NGAL). (17)

Several promising serum and urine biomarkers of UTI such as leukocyte esterase, C-reactive
protein, procalcitonin, interleukins, elastase alpha (1)-proteinase inhibitor, lactofferin,
secretory immunoglobulin A, heparin-binding protein, xanthine oxidase, myeloperoxidase,
soluble triggering receptor expressed on myeloid cells-1, a-1 microglobulin (alMg) and
tetrazolium nitroblue test (TNB). (18)

Biomarkers are a critical component of the drug development and approval process.

For chronic obstructive pulmonary disease (COPD) the only biomarker currently widely used

Citation: Raghavendra Rao M.V et al. ljppr.Human, 2020; Vol. 17 (2): 338-349.



www.ijppr.humanjournals.com

in drug trials is lung function testing, typically forced expiratory volume in 1 (FEV1). (19)

Many inflammatory cells, mediators, and enzymes are involved in the complex
pathophysiology of COPD so that there are many possible biomarkers to study and there is a
high degree of redundancy (20)

Chronological record of significant events

First biomarker used in the diagnosis of cancers being the Bence-Jones protein in the year
1848. Early in 20 th century the discovery of the other tumor biomarker such as human
chorionic gonadotropin (hCG) In 1928, prostatic acid phosphatase (PAP). In 1936, Tissue
peptide antigen (TPA).In 1957, alfa-fetoprotein(AFP)CEA was first identified. In 1963,
carcinoembryonic antigen (CEA)in 1965 by Phil Gold and Samuel O. Freedman in

human colon cancer tissue extracts.

The first recognized test for a type of common cancer was reported by Dr. Joseph Gold (21)
He found a substance in the blood of patients with colon cancer that was normally found in
fetal tissues and named it carcinoembryonic antigen (CEA). By the end of the 1970s,
potential serum tests had been developed for a variety of cancers (22). In Carbohydrate
antigen (CA19-9).Their clinical utility has led to their use today as an efficient tool in the

diagnosis or the evaluation of response to therapy in the case of various forms of cancer.

Additional biomarkers developed in the 1980s were CA 19-9 for colorectal and pancreatic
cancer, CA 15-3 for breast cancer and CA-125 for ovarian cancer. However, these early
markers have proven to be reliable indicators of early disease as they are present in basal
levels in normal individuals and are substantially higher only when there is a considerable
amount of cancer present. Furthermore, these markers are for the most part not specific for a

single cancer. (23)

The best-known cancer biomarker that has been used by physicians to detect early disease is
the prostate-specific antigen (PSA). The serum PSA test has been widely used in screening
for prostate cancer in the last decade and has brought about a dramatic change increase in

early detection of the disease. (24)
The upper limit of normal PSA level was considered to be 4 ng/ml.

Nevertheless, 33% of tumors spread beyond the prostate in men, with PSA values between 4
and 10 ng/ml, rendering many of these tumors refractory to treatment. Between 1989 and

1996 prostate cancer incidence rates increased steadily with a parallel decrease (2.5% per
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year) in mortality rate. The above observations have been attributed to the dramatic increase
in the use of serum PSA which allowed earlier diagnosis of asymptomatic prostate cancer.
(25, 26)

Although PSA screening may provide a suspicion of prostate cancer, a clinical diagnosis still

relies on a pathological tissue examination.

Of 15 million men screened in 1998 with the PSA test, 15% or approximately 2.25 million
had PSA levels higher than normal and thus faced the prospect of biopsy. (27)

Any healthy individual with a PSA between 4.0 ng/ml and 10.0 ng /ml is recommended for
biopsy although the lower limit for suspicion of prostate cancer has been dropped recently.
Since PSA elevation is also associated with benign prostatic hyperplasia (BPH), elevated
PSA levels do not always indicate the presence of cancer. The resultant specificity of PSA
less than 4.0 ng/ml in detecting early disease is just 25%. Consequently, many individuals

undergo an unnecessary biopsy. (28)

Despite the advances made in serum PSA screening, it is still difficult to reliably detect the

early stages of prostate cancer without histological examination. (29)

Serum PSA is, perhaps, more reliable as a marker of prostate cancer recurrence or as an

indicator of treatment efficacy. (30,31)

This reduction of PSA blood levels can be monitored over time, and the finding of a later
increase in the level of serum PSA is considered evidence of a clinical recurrence of prostate

cancer (PSA recurrence), thus triggering additional treatment. (32)
The widespread use of the term "biomarker™ dates back to as early as 1980. (33)
The term "biological marker" was introduced in 1950s. (34,35)

In 1998, the National Institutes of Health Biomarkers Definitions Working Group defined a
biomarker as "a characteristic that is objectively measured and evaluated as an indicator of
normal biological processes, pathogenic processes, or pharmacologic responses to a

therapeutic intervention”. (36,37)
Discovery of Biomarkers

Biomarker discovery is a medical term describing the process by which biomarkers are

discovered. Many commonly used blood tests in medicine are biomarkers. There is interest in
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Biomarker discovery on the part of the pharmaceutical industry; blood-test or other
biomarkers could serve as intermediate markers of disease in clinical trials, and as

possible drug targets.
Imaging biomarkers
Many new biomarkers are being developed that involve imaging technology.

Many believe that cardiac computed tomography (CT) has great potential in this area, but
researchers are still attempting to overcome problems related to “calcium blooming,” a
phenomenon in which calcium deposits interfere with image resolution. Other intravascular
imaging techniques involving magnetic resonance imaging (MRI), optical coherence
tomography (OCT), and near infrared spectroscopy are also being investigated. Timeline of
scientific discoveries. The implementation of advanced molecular diagnostics tools for
discovery, quantification and validation of molecular biomarkers will be presented. This
history is nicely summarized by the BDQ editors in one of the previous editorials ‘qPCR,
dPCR, NGS — A journey’. (38)

Today, biomarkers have immense scientific and potential clinical value in the diagnostic
testing pipeline. They span the broad diagnostic sector from the genome to the phenome over
various ‘-ome’ levels and have been used since the earliest days of the application of

molecular biology. (39)

There are numerous promising singular biomarkers or more complex multiple biomarker
signatures available, the most important of which are currently used for assessing drug
development, patient stratification or measuring the efficacy of treatment in therapeutic
medicine. Clearly, there is a translation problem to transfer the results from molecular
diagnostics research to drug development and finally clinical practice. (40)

The first goal in the biomarker development pipeline is the generation of reliable biological

data from applied diagnostic techniques and applications. (41)
Literature Gap and Future Research

Few biomarkers progress from discovery to become validated tools or diagnostics. To bridge
this gap, three European biomedical research infrastructures — EATRIS-ERIC (focused on
translational medicine), BBMRI-ERIC (focused on biobanking) and ELIXIR (focused on
data sharing) — are paving the way to developing and sharing best practices for Biomarker
validation. (42)
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Biomarker discovery and validation relies heavily on reproducible and robust analytical
methodology. Many new biomarker candidates are proposed for various diseases every week

— but often from small-scale studies lacking statistical power. (43)
Recent advances in diagnostic technology

New technologies are now available that simultaneously identify a wide spectrum of
biomarkers and save time and costs.  However, there is an urgent need for
validation/standardization of the new assays before they are adopted into clinical diagnostics.
It is worthy to note a new assay, T cell interferon gamma release (TIGRAS), which has

recently been introduced in the diagnosis of latent tuberculosis infection. (44)

Biomarker discovery is a medical term describing the process by which biomarkers are
discovered. Many commonly used blood tests in medicine are biomarkers.

There is interest in Biomarker discovery on the part of the pharmaceutical industry; blood-
test or other biomarkers could serve as intermediate markers of disease in clinical trials, and

as possible drug targets.
Research program for the next generation world

Defined as alterations in the constituents of tissues or body fluids, these markers offer the
means for homogeneous classification of a disease and risk factors and can extend our base
information about the underlying pathogenesis of disease. Biomarkers can also reflect the

entire spectrum of disease from the earliest manifestations to the terminal stages. (45)

Furthermore, the implementation of these advanced molecular diagnostics tools for
discovery, quantification and validation of molecular biomarkers will be presented.

EXPERT OPINION

The number of candidate biomarkers for the diagnosis of cervical cancer is overwhelming.
However, the majority of these biomarkers are tested on histological samples only.
Cytological biomarkers are needed to improve the performance of cervical cancer screening
programs. The PROBE design may be used to evaluate the accuracy, but unfortunately, the

majority of the candidate biomarkers do not meet these criteria. (46)
Current altercation

Tumor markers can't be construed as primary modalities for the diagnosis of cancer.
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Their main utility in clinical medicine has been a laboratory test to support the diagnosis.
New investigative techniques at the cellular and molecular level show great promise at
different molecular level show great promise at different potentially malignant lesions but
further perspective, in-depth studies are required to determine their practical usefulness. (47)

The development of personalized medicine for cancer is closely linked to biomarkers, which

may serve as the basis for diagnosis, drug delivery and monitoring of diseases.

A major challenge in the development of cancer biomarkers will be the integration of
proteomics with genomics and metabolomics data and their functional interpretation in

conjugation with data and epidemiology.

Tumor markers are the products of malignant neoplasms that can be detected in the cells
themselves or in body fluids. The ultimate tumor marker would be one that allows the
unequivocal distigction between benign and malignant cells, but unfortunately, no such
marker is in sight. Nevertheless, markers do exist that are often useful in identifying the cell

of origin of a metastatic or poorly differentiated primary tumor.
Future directions and challenges

In 1970-80 no effective therapy. In 1990 improved surgical outcomes. In 2010, new
molecular insights in to PDA (Pancreatic ductal adenocarcinoma.) Biology. Tumor markers
and predictors of response to chemoradiation would be helpful to predict which tumors have
higher likelyhood of responding to radiation or chemoradiation. Frequently used markers to

identify tumors.

1. Cyto kerating-------------- Carcinomas

2. CK7-mmmmmmmmm oo Many adenocarcinoma

3. HMB 45--------=-mmmemmme Malignant melanoma

4. CK 20------------------- Gastrointestinal carcinomas
5. Vimentin------------------ Most sarcomas

6. Prostate-specific antigen------ Prostate cancer
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CD Markers

CD 4------------- T-Cell malignancies
CD 13---------- Myloid leukemia

CD 19---------- B-Cell malignancies
CD 33 --------- Myeloid leukemia
CD 34--------- Leukemia

An opinion arrived at through a process of reasoning

Biomarkers can be separated into three categories. Diagnostic biomarkers detect the presence
of disease. They are relevant for early detection as well as to measure disease burden in
response to therapy. Prognostic markers gauge disease aggressiveness or tumor biopsy and

are used to forecast outcome or recurrence pattern.

Predictive markers predict treatment response and are the key ingredient to a personalized
therapeutic approach. Tumor markers are the products of malignant neoplasms that can be
detected in the cells themselves or in body fluids. The ultimate tumor marker would be one
that allows the unequivocal distinction between benign and malignant cells, but

unfortunately, no such marker is in sight.

Nevertheless, markers do exist that are often useful in identifying the cell of origin of a

metastatic or poorly differentiated primary tumor.
Shortened version of a large work

Biomarkers provide a dynamic and powerful approach to understanding the spectrum of
disease with applications in observational and analytic epidemiology, randomized clinical
trials, screening and diagnosis and prognosis. To study the Cancer markersis mind -
Boggling. It is the new dawn of immunotherapy. Biochemistry, Microbiology, and Pathology
are the evidenced-based medicine subjects. cancer Biomarker refers to a substance or process
that is indicative of the presence of cancer in the body. A Biomarker may be a molecule
secreted by atumor or a specific response of the body to the presence of cancer. Cancer
remains the second leading cause of death in US, behind heart disease.

Cancer markers and tumor markers are the same things. These markers are substances found

in the blood, urine or other body fluids, and their levels indicate the presence of certain types
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of cancer, according to the National Cancer Institute.

However, there are also non-cancerous conditions that can affect these markers; therefore, the
laboratory personnel performs additional testing, such as biopsies, prior to making a
diagnosis. For monitoring during treatment of the patient and for easy detection of cancer
Tumor markers are different from substances produced by normal cells, in quality and

quantity.

Tumor markers may be used to help to diagnose cancer, predict and monitor response to

treatment and determine whether cancer has recurred after treatment. (48)

REFERENCES

1. Dietel M, Sers C, Personalized medicine and development of targeted therapies: The upcoming challenge for
diagnostic molecular pathology. A review. Virchows Arch. 2006 Jun; 448(6):744-55.

2. Brown LM, Devesa SS, Chow WH, Incidence of adenocarcinoma of the esophagus among white Americans
by sex, stage, and age. J Natl Cancer Inst. 2008 Aug 20; 100(16):1184-7.

3. Nour Al Jalbout, Ruben Troncoso, Jared D. Evans, Richard E. Rothman, Jeremiah S. Hinson, Biomarkers and
Molecular Diagnostics for Early Detection and Targeted Management of Sepsis and Septic Shock in the
Emergency Department,2019, Journal of applied, laboratory medicine

4. "Archived copy". Archived from the original on 2009-10-25. Retrieved 2010-01-27

5. "Biomarker Technology Platforms for Cancer Diagnoses and Therapies". TriMark Publications, LLC. July
2014

6. Terpos E, Dimopoulos MA, Shrivastava V, et al. (March 2010). "High levels of serum TIMP-1 correlate with
advanced disease and predict for poor survival in patients with multiple myeloma treated with novel
agents". Leukemia Research. 34 (3): 399-402.

7. Schneider, John; Manpreet K Sidhu; Cynthia Doucet; Noemi Kiss; Robert L Ohsfeldt; Donald Chalfin
(2012). "Economics of Cancer Biomarkers". Personalized Medicine. 9 (8): 829-837

8. Sabarni K Chatterjee & Bruce R Zetter, Cancer biomarkers: knowing the present and predicting the
future,2005, Future oncology, Vol-1, No-1

9. Nicolas Goossens,1,2 Shigeki Nakagawa,1 Xiaochen Sun,1 and Yujin Hoshidal Cancer biomarker discovery
and validation, Transl Cancer Res. 2015 Jun; 4(3): 256-269

10. Rao SP, Miller S, Rosenbaum R, Lakier JB (2019). "Opportunities for microRNAs in the Crowded Field of
Cardiovascular Biomarkers". Annual Review of Pathology: Mechanisms of Disease. 14: 211-238

11. American Society of Nuclear Cardiology, "Five Things Physicians and Patients Should
Question" (PDF), Choosing Wisely: an initiative of the ABIM Foundation, American Society of Nuclear
Cardiology, archived from the original on 2012-04-16, Retrieved August 17, 2012

12. Hendel, R. C.; Berman, D. S.; Di Carli, M. F.; Heidenreich, P. A.; Henkin, R. E.; Pellikka, P. A.; Pohost, G.
M.; Williams, K. A.; American College of Cardiology Foundation Appropriate Use Criteria Task Force;
American Society of Nuclear Cardiology; American College Of, R.; American Heart, A.; American Society of
Echocardiology; Society of Cardiovascular Computed Tomography; Society for Cardiovascular Magnetic
Resonance; Society Of Nuclear, M. (2009). (23): 2201-2229.

13. Compston A. The pathogenesis and basis for treatment in multiple sclerosis. Clin Neurol Neurosurg (2004)
106:246-8. doi:10.1016/j.clineuro.2004.02.007

14. Phases of biomarker development for early detection of cancer. Pepe MS, Etzioni R, Feng Z, Potter JD,
Thompson ML, Thornquist M, Winget M, Yasui Y J Natl Cancer Inst. 2001 Jul 18; 93(14):1054-61.

15. Imran Siddiqui, Hafsa Majid, Shahab Abid, World J Gastrointest Pharmacol Ther. Feb 6, 2017; 8(1): 39-46
16. Jhang, J. F. & Kuo, H. C. Recent advances in recurrent urinary tract infection from pathogenesis and
biomarkers to prevention. Tzu Chi Medical Journal 29, 131-137, 2017.Published online Feb 6, 2017.

Citation: Raghavendra Rao M.V et al. ljppr.Human, 2020; Vol. 17 (2): 338-349.



www.ijppr.humanjournals.com

17. Price, J. R. et al. Neutrophil Gelatinase-Associated Lipocalin biomarker and urinary tract infections: A
diagnostic case-Control study (NUTI Study). Female Pelvic Med Reconstr Surg 23, 101-107,2017.

18. Masajtis-Zagajewska A1, Nowicki M2., New markers of urinary tract infection.Clin Chim Acta. 2017

19. Sin DD, Vestho JBiomarkers in chronic obstructive pulmonary disease. Proc Am Thorac Soc 2009; 6: 543—
545.

20. Barnes PJ, Shapiro SD, Pauwels RA. Chronic obstructive pulmonary disease: molecular and cellular
mechanisms. Eur Respir J 2003;22: 672—-688.

21. Gold P, Freedman SO: Demonstration of tumor-specific antigens in human colonic carcinomata by
immunological tolerance and absorption techniques. J. Exp. Med.121,439 (1965).

22. Gold P, Freedman SO: Specific carcinoembyronic antigens of the human digestive system.J. Exp.
Med.122,467 (1965).Google Scholar

23.Yilmaz A, Ece F, Bayramgurler B, Akkaya E, Baran R: The value of Ca-125 in the evaluation of
tuberculosis activity. Respir. Med.95,666-669 (2001).

24. Barry MJ: Clinical practice. Prostate-specific antigen testing for early diagnosis of prostate cancer. N. Engl.
J. Med.344,1373 (2001).«

25. 1996, National Cancer Institute Annual Report, Bethesda, MD.

26. Bartsch G, Horninger W et al.: Prostate cancer mortality after introducing of Prostate-specific antigen mass
screening in the Federal State of Tyrol, Austria. Urology58,417-424 (2001).

27. Potter SR, Partin AW: Prostate cancer: detection, staging and treatment of localized disease. Semin.
Roentgenol.34,269-283 (1999).

28. Harris R, Lohr KN: Screening for Prostate cancer: an update of the evidence for the U.S. Preventive Service
Task Force. Ann. Intern. Med.137,917-929 (2002).

29. Stamey TA: Preoperative serum prostate-specific antigen (PSA) below 10 microg/l predicts neither the
presence of prostate cancer nor the rate of postoperative PSA failure. Clin.Chem.47,631-634 (2001).

30. Partin AW, Pound CR, Clemens JQ, Epstein JI, Walsh PC: Serum PSA after anatomic radical prostatectomy
The Johns Hopkins experience after 10 years. Urol. Clin. North Am.20,713-725 (1993).

31. Chodak GW, Neumann J, Blix G, Sutton H, Farah R: Effect of external beam radiation therapy on serum
prostate-specific antigen. Urology35,288-294 (1990).

32. Moul JW: Prostate specific antigen only progression of prostate cancer. J. Urol.163,1632-1642 (2000)

33. Aronson, Jeffrey (2005). "Biomarkers and surrogate endpoints”. British Journal of Clinical
Pharmacology. 59 (5): 491-494.

34. Porter, K. A. (1957-08-01). "Effect of homologous bone marrow injections in x-irradiated rabbits". British
Journal of Experimental Pathology. 38 (4): 401-412

35. Basu, P. K.; Miller, 1.; Ormshy, H. L. (1960-03-01). "Sex chromatin as a biologic cell marker in the study of
the fate of corneal transplants”. American Journal of Ophthalmology. 49 (3): 513-5124.

36. Strimbu, Kyle; Jorge, Tavel (2010). "What are Biomarkers?". Current Opinion in HIV and AIDS. 5 (6):
463-466.

37. "Biomarkers and surrogate endpoints: preferred definitions and conceptual framework". Clinical
Pharmacology & Therapeutics. 69 (3): 89-95. 2001

38. J.F. Huggett, J. O’Grady, S. Bustin; qPCR, dPCR, NGS - a journey; Biomol. Detect. Quantif., 3 (2015), pp.
Al-A5

39. I. Riedmaier, M.W. Pfaffl; Transcriptional biomarkers — high throughput screening, quantitative verification
and bioinformatical validation methods; Methods, 59 (1) (2013), pp. 3-9

40. AJ. Atkinson, NCI-FDA Biomarkers Definitions Working Group; Biomarkers and surrogate endpoints:
preferred definitions and conceptual framework; Clin. Pharmacol. Ther., 69 (2001), pp. 89-95

41. K.A. Phillips, S. Van Bebber, A.M. Issa; Diagnostics and biomarker development: priming the pipeline; Nat.
Rev. Drug Discov., 5 (2006), pp. 463-469

42. J.F. Huggett, C.A. Foy, V. Benes, K. Emslie, J.A. Garson, R. Haynes, J. Hellemans, M. Kubista, R.D.
Mueller, T. Nolan, M.W. Pfaffl, G.L. Shipley, J. Vandesompele, C.T. Wittwer, S.A. Bustin; The digital MIQE
guidelines: minimum information for publication of quantitative digital PCR experiments; Clin. Chem., 59 (6)
(2013), pp. 892-902

43. Alain J. van Gool, Florence Bietrix, Eric Caldenhoven, Kurt Zatloukal, Andreas Scherer, et al. Bridging the
translational ~ innovation gap through good biomarker practice Nature Reviews Drug
Discovery volume 16, pages587-588(2017)

Citation: Raghavendra Rao M.V et al. ljppr.Human, 2020; Vol. 17 (2): 338-349.



www.ijppr.humanjournals.com

44. Rainer Bischoff | 06/15/2015, How to bring better diagnostic tests to the market to benefit patients.Bridging
the gap, FIELDS & APPLICATIONS Liquid Chromatography, Mass Spectrometry, Data Analysis, Proteomics
45. "The Biomarkers Consortium". Foundation for the National Institutes of Heal

46. "Archived copy". Archived from the original on 2009-10-25. Retrieved 2010-01

47. RogierJ]NTM,AntonHN Hopman et.al,Informa health care.Expert opinion.Med.Diagn (2013) -7(4):365-
377 Molecular biomarkers in cervical cancer diagnosis: acritical appraisal,

48. Transpreet Kawr, Swati Dahiya, and Ankit Srivastava, Tumor markers in oral cancer, A review.Med
pub.Journals, Vol 6 No-1:3 Archives of cancer research.

49. Raghavendra Rao M.V, Kumar Ponnusamy, Sireesha Bala, SP Pallavi, Krisna Sowmya, Ramanaiah CJ,
Sameer Fatteh, Abraham Nayakanti, Sateesh Babu, Mind Boggling Cancer Markers (The new dawn of
immunotherapy),2018, International .J.ofScience and research Methodology,2018, Vol-10 , issue -2

Citation: Raghavendra Rao M.V et al. ljppr.Human, 2020; Vol. 17 (2): 338-349.



